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Asymptomatic 
infections

Symptomatic 
infections

131 million cases of Chlamydia infection every year

A better understanding of the immune responses to Chlamydia infection is required

→Mast cells represent a novel target

No diagnosis No treatment Pelvic inflammatory disease

Ectopic pregnancy

Tubal factor infertility

• Young and indigenous populations → higher rate of Chlamydia infection

Debattista et al., Fertil Steril, 2003WHO, Sexually transmitted infections, 2016

75%

Haggerty et al., J Infect Dis, 2010

The Kirby Institute, HIV, viral hepatitis and sexually transmissible infections in Australia Annual Surveillance Report, 2015

WHO, Global prevalence and incidence of selected curable sexually transmitted infections: Overview and estimates, 2001
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Mast cells are large granular immune cells

Tryptase

Chymase

Carboxypeptidase A3

Leukotrienes

Degranulation

Histamine

Mast cells play an important role in Chlamydia pneumoniae lung infection by facilitating immune cell 
recruitment into the airway (Chiba et al., J Immunol, 2015)

Tissue damages

Wernersson and Pejler, Nature Reviews Immunology, 2014Marshall, Nature Reviews Immunology, 2004

Chiba et al., J Immunol, 2015

Mast cell Mast cell

Pejler et al., Blood, 2014

Mast cells are widespread in the female reproductive tract

Mouse vagina Mouse uterus

Toluidine blue staining

Purple = mast cells / Blue = tissue

Mast cells are present in the 
female reproductive tract

Role during:

Menstruation

Pregnancy

Immune response???

Protection against Group B 
Streptococcus infection

Sivridis et al., Eur J Obstet Gynecol Reprod Biol, 2001

Woidacki et al., Front Immunol, 2013

Gendrin et al., Sci Adv, 2015 Gendrin et al., J Allergy Clin Immunol, 2017

Mori et al., Human Reproduction, 1997

Menzies, et al., Human Reproduction Update, 2010

Hypothesis

Mast cells and their proteases play an important role in regulating

immunity to Chlamydia infection and associated pathology

in the female reproductive tract
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Infection in the vagina and in the uterus 
(qPCR)

MouseHuman

Uterine body/Uterine horn

Fallopian tube/Oviduct

Ovary

Vagina

Murine model of Chlamydia infection

Endpoint 1

Progesterone 
(sub-cutaneous)

Chlamydia muridarum
infection intravaginally

Endpoint 2

3dpi 14dpi

07dbi

Pathology in the 
oviducts

Asquith et al., PLoS Pathog, 2011 Fung et al., Science, 2013De Clercq et al., Infect Immun, 2013

Targeting mast cells experimentally

Tryptase
Degranulation

Chymase CMA1

mMCP-5/mMCP-4

Tryptase-γ

Prss31

Carboxypeptidase A3Mast cell Mast cell
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Targeting mast cells experimentally

Mouse

line
Genetic modification Treatment

WT -
Cromolyn

Inhibitor of degranulation

Tryptase
Degranulation

Chymase CMA1

mMCP-5/mMCP-4

Tryptase-γ

Prss31

Cromolyn

Carboxypeptidase A3

Nyirjesy et al., Sex Transm Infect, 2001

Mast cell Mast cell

Targeting mast cells experimentally

Ndst2-/- Deficient in  N-deacetylase/N-sulfotransferase 2 

→ Altered protease storage in granules
-

Mouse

line
Genetic modification Treatment

WT -
Cromolyn

Inhibitor of degranulation

Tryptase
Degranulation

Chymase CMA1

mMCP-5/mMCP-4

Tryptase-γ

Prss31

Cromolyn

Carboxypeptidase A3

Knocked-out strain
(Ndst2-/-)

Humphries et al., Nature, 1999Forsberg et al., Nature, 1999Nyirjesy et al., Sex Transm Infect, 2001

Mast cell Mast cell
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Cromolyn treatments are protective against early infection

3dpi 14dpi07dbi 2dbi 13dpi

Endpoint 1Progesterone 

(sub-cutaneous)

Chlamydia muridarum

infection intravaginally
Endpoint 2

Daily intravaginal treatments with cromolyn (5mg/kg) or vehicle (PBS)

Cromolyn treatments are protective against early infection
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Daily intravaginal treatments with cromolyn (5mg/kg) or vehicle (PBS)
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Cromolyn treatments are protective against early infection
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3dpi 14dpi07dbi 2dbi 13dpi

Endpoint 1Progesterone 

(sub-cutaneous)

Chlamydia muridarum

infection intravaginally
Endpoint 2
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Daily intravaginal treatments with cromolyn (5mg/kg) or vehicle (PBS)

Ndst2 deficiency protects against Chlamydia-associated pathology

3dpi 14dpi07dbi

Endpoint 1Progesterone 

(sub-cutaneous)

Chlamydia muridarum

infection intravaginally
Endpoint 2

WT Vs Ndst2-/- (Deficient in N-deacetylase/N-sulfotransferase 2 → altered protease storage in granules)
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Ndst2 deficiency protects against Chlamydia-associated pathology

3dpi 14dpi07dbi

Endpoint 1Progesterone 

(sub-cutaneous)

Chlamydia muridarum

infection intravaginally
Endpoint 2
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WT Vs Ndst2-/- (Deficient in N-deacetylase/N-sulfotransferase 2 → altered protease storage in granules)
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Ndst2 deficiency protects against Chlamydia-associated pathology

3dpi 14dpi07dbi

Endpoint 1Progesterone 

(sub-cutaneous)

Chlamydia muridarum

infection intravaginally
Endpoint 2
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WT Vs Ndst2-/- (Deficient in N-deacetylase/N-sulfotransferase 2 → altered protease storage in granules)
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Mast cells and their proteases affect Chlamydia infection

Mast cell and proteases
3dpi 14dpi

Infection Infection Pathology

Cromolyn Protective Detrimental No effect

Tryptase
Degranulation

Chymase CMA1

mMCP-5/mMCP-4

Tryptase-γ

Prss31

Carboxypeptidase A3

Mast cell Mast cell

Mast cells and their proteases affect Chlamydia infection

Mast cell and proteases
3dpi 14dpi

Infection Infection Pathology

Cromolyn Protective Detrimental No effect

Ndst2 deficiency No effect Detrimental Protective

Degranulation

CMA1

mMCP-5/mMCP-4

Tryptase-γ

Prss31

Mast cell Mast cell

Tryptase

Chymase

Carboxypeptidase A3
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Mast cells and their proteases affect Chlamydia infection

Mast cell and proteases
3dpi 14dpi

Infection Infection Pathology

Cromolyn Protective Detrimental No effect

Ndst2 deficiency No effect Detrimental Protective

mMCP5 deficiency Protective No effect No effect
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Mast cells and their proteases affect Chlamydia infection

Mast cell and proteases
3dpi 14dpi

Infection Infection Pathology

Cromolyn Protective Detrimental No effect

Ndst2 deficiency No effect Detrimental Protective

mMCP5 deficiency Protective No effect No effect

Prss31 deficiency Detrimental Detrimental No effect

Tryptase
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Mast cells and their proteases affect Chlamydia infection

Mast cell and proteases
3dpi 14dpi

Infection Infection Pathology

Cromolyn Protective Detrimental No effect

Ndst2 deficiency No effect Detrimental Protective

mMCP5 deficiency Protective No effect No effect

Prss31 deficiency Detrimental Detrimental No effect

rPrss31 treatment Protective No effect Protective

Tryptase
Degranulation

Chymase CMA1

mMCP-5/mMCP-4

Tryptase-γ

Prss31

Carboxypeptidase A3

Mast cell Mast cell

Many proteases make up one mast cell
He muka nō taura whiri - Many strands make up one rope
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