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Why study immune defects?

The names are cool
Nobody else knows about them

Rare (likely to be important)
Congenital or acquired 
Genetic (usually single gene)
Informative about pathways 
Microbiology (specific defects, specific bugs) 



23 yo woman; athletic coach
Previously healthy; short of breath 4 hours after 3 mile run

June 11, 2003



June 13, 2003

Low oxygenation and fever



Lung Bx June 18, 2003

8 days after presentation:
Intubation and lung biopsy



OLBx June 18, 2003



Hospital Course
Initiate amphotericin B lipid complex
Progressive hypoxia

steroids, proning, FiO2 80-100%
Aspergillus growing from biopsy



June 20, 2003 NIH transfer

10 days after presentation:
Biopsy growing A. fumigatus
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Infections in CGD
S. aureus (liver, lymph nodes,osteo)
S. marsescens (skin, lung, lymph nodes)
B. cepacia (pneumonia, bacteremia)
Nocardia spp. (pneumonia, brain, liver)
Aspergillus spp. (lung, esp. miliary, spine)
Rare but pathognomonic infections: 
Chromobacterium violaceum (warm brackish water, soil, e.g., Disney World)

Paecilomyces spp.
All the above are catalase +; BUT Most bacterial pathogens are 

catalase +
What makes these different?



Why do CGD patients get 
granulomatous complications?
Failure to degrade inflammatory mediators, since superoxide 

and hydrogen peroxide control the degradation of:
C5a
LTB4
fMLF

Failure to properly activate cathepsin G, elastase

Other mechanisms: Low IDO activity, low kynurenine,
high IL-17

Treatment: Steroids



Further History
Mulching on the day of admission for several 

hours
Then ran 3 miles
Had mulched previously



Follow up

Voriconazole, Caspofungin
Steroids, NO

Pneumothoraces,
Inflammation with steroid taper

Complete resolution

Normal PFTs

Working full time

Running 4 miles/d



Fulminant Mulch Pneumonitis in CGD

Clin Infect Dis 2007 Sep 15;45:673-81



Fulminant CGD Pneumonitis

8 patients 1F/7M 

ages 8, 10, 14, 16, 18, 23, 23, 64 yrs

4 p47phox 4 gp91phox deficient

6 autumn 2 summer



Outcome
4 died

3 during initial hospitalization
1 after transfer to nursing home

64 year old man after 1 year hospitalization
4 survived

all returned to normal lung function
hospitalizations around 30 days



Fulminant CGD Pneumonitis
Think about it in older children and adults with acute, diffuse,

miliary disease with hypoxia
Use steroids early and continue them longer than usual. Then go 

longer.
Good antifungals and steroids are the most important
Push for a good history
Inflammation in CGD is NOT dependent on live fungi

What do the steroids regulate?



CGD Take Home messages
Mulch inhalation causes an acute syndrome of 

hyperinflammatory pneumonitis in CGD
Superoxide is critical for protection against a small 

number of organisms
Antibiotic and antifungal prophylaxis work
Resistance induced by prophylaxis is rare in CGD

Why is this experience different than other diseases? 







HIES Aspects

Autosomal dominant and sporadic
Frequency probably < 1:100,000
Female = male 
Diagnosis usually in childhood
Symptoms begin in infancy
Developmental phenotype 

(teeth, facies, scoliosis)



Features of HIES
Eczema 100%
Characteristic facies (>16y) 100%
Skin boils 87%
Pneumonias 87%
Lung cysts 77% 
Mucocutaneous candidiasis 83%
Scoliosis (>16y) 76%
Delayed dental deciduation 72%
Brain T2 hyperintensities 70%
Pathologic fractures 57%
Chiari I malformation 18%





Candida albicans onychomycosis



Pulmonary Pathogens in HIE
Primary pathogens:
Staphylococcus aureus
Hemophilus influenzae
Streptococcus pneumoniae
Secondary pathogens:
Pseudomonas aeruginosa
Aspergillus fumigatus
Paecilomyces spp.
Scedosporium spp.
Others:
Pneumocystis jiroveci, M. avium complex, M. kansasii, M. abscessus





QuickTime™ and a
Photo - JPEG decompressor

are needed to see this picture.









L lung hemorrhage











Freeman AF, et al. JACI 2007



What Single Gene Causes All This?
Eczema 100%
Characteristic facies (>16y) 100%
Skin boils 87%
Pneumonias 87%
Lung cysts 77% 
Mucocutaneous candidiasis 83%
Scoliosis (>16y) 76%
Delayed dental deciduation 72%
Brain T2 hyperintensities 70%
Pathologic fractures 57%
Chiari I malformation 18%



Unstimulated Leukocytes



HIES CONTROL HIES CONTROL HIES CONTROL 
0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

11000

12000

p<0.006

p=0.04

p:ns

LPS+ IFNGLPSUNSTIMULATED

Patients: n = 32
Controls: n = 25

TNFα Production is Elevated in HIES: LPS





Control Patient Control Patient
0

1000

2000

3000

4000

5000

6000

7000

8000
p = 0.0312

              Unstimulated                      IL-6

MCP-1 Production is Decreased in HIES: IL-6

Patients n = 10
Controls n = 7



In vitro Phenotyping in HIES
Transcripts of IFN induced genes in unstimulated PMN 

and PBMC

Production of TNFα, IL-12, and IFNγ in response to 
multiple stimuli

Production of MCP-1 in response to IL-6



STAT3

IL-6
IL-10
TGFb
MCP-1

IL-12
TNFa
IFNg
IFNb

gp130

SOCS3
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WildType G

Heterozygous G/A

Lymphocytes 
Mosaic G/A

1145 G-A R382Q Hotspot Mutation: Somatic Mosaic

Buccal swab
Mosaic G/A



From Mouse to Man?
Mouse
Excessive lung inflammation, 

airspace dilatation
Eosinophilia
Increased osteoclasts and 

osteopenia
Cardiac myocyte TNFa

production, age-dependent 
cardiomyopathy

Increased demyelination and 
astrocytosis

IL-22 dysregulation

Human
Post-infectious lung cysts, 

bronchiectasis
Eosinophilia
Increased osteoclasts and osteopenia
Coronary artery aneurysms, seen in 

adults (4/8)

T2 hyperintensities in brain 
(UBOs)

Skin and lung infections



STAT3 and IL-17

Constitutively 
Activated
STAT3

STAT3 KO

Yang et al J Biol Chem. 2007;282:9358-63.





Still Unexplained
The IgE elevation (IL-21?)
The specificity of infections, including 

Pneumocystis, histoplasmosis, 
cryptococosis, candida (IL-17?, IL-22?)

The facies
The voice
How can we use this to change outcome



Conclusions: STAT3
Heterozygous mutations underlie both dominant and 

sporadic human HIES
The mutations cluster in two highly conserved domains
Mutations result in dysregulated cytokine production and 

signaling 
Clinical scores correlate with mutation status
Aspergillus causes fatal localized and metastatic 

complications
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