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Why mouse modelsWhy mouse models

M  i  t  h  b  ll h t i d d l l  bl  Mouse immune systems have been well characterized and closely resemble 
humans

Many patients with Immune Deficiencies suffer from co-morbidities (e.g. 
infection) that may alter the immune phenotype

Mouse models can be engineered to offer monogenic and polygenic alterations

Mutations can be targeted to specific cell lineages or development

Study tissues beyond peripheral blood



STAT3 and HIES

HIES is a rare multisystem disorder clinically characterized by:

Immune manifestations Non-immune manifestations

• characteristic face

• cathedral palate
• elevated serum IgE

• recurrent staphylococcal skin • cathedral palate

• skeletal  abnormalities:
osteoporosis, fractures due to minor trauma, 
h t i j i t i l d f t

• recurrent staphylococcal skin 
abscesses

• pneumonia with pneumatocele   
hyperextensive joints, spinal defects

• connective tissue abnormalities:
delay in dental development and retention of 

formation

• eczema
y p

deciduous teeth• eosinophilia



Clinical inflammatory changes and susceptibility to viral infections led work 
to study IFN and cytokine signaling pathways uncovering null mutations in Tyk2 forto study IFN and cytokine  signaling pathways uncovering null mutations  in Tyk2 for 
autosomal recessive patients

Etiology of Type1 unknown- other pathways were examined…gy yp p y



Heterozygous mutations in the Stat3 gene (predominantly in the DNA binding and in the SH2 domains) 
have been identified as major molecular cause of AD-HIES
(e.g. Minegishi et al., Nature 2007; Holland et al. N.Engl. J. Med.2007)(e.g. Minegishi et al., Nature 2007; Holland et al. N.Engl. J. Med.2007)

STAT3STAT3



Clinical Features of AD-HIES

Holland et al. N.Engl. J. Med.2007Holland et al. N.Engl. J. Med.2007



Spectrum of mutations in Stat3 p



Generate a mouse model of Job’s 
Syndrome

Challenges:Challenges:

•Stat 3  is important in maintaining ES cell pluripotency, thus 
mutant Stat3 cannot be expressed in targeted ES cells for 
germline expressiongermline expression

•Job’s Syndrome affects many tissues, it would be useful to 
express the mutation in a tissue specific fashion

•Stat3 null mutant mice are embryonic lethal heterozygous•Stat3 null mutant mice are embryonic lethal, heterozygous 
mice have no phenotype c/w Job’s Syndrome



Generation of Stat3 R382Q transgenic ES cells
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STAT3 and ES cells
LIF

BMPs

LIF R/ gp130

BMPs
Wnt

JAK

PIK3

STAT3
STAT3

P P

STAT3

SELF RENEWAL

Targeted STAT3 disruption in mice leads to early embryonic lethality due to defects in trophoblast

target genes
(oct4, sox2)

What are the effects of HIES-associated Stat3 mutations on ES cell

Targeted STAT3 disruption in mice leads to early embryonic lethality due to defects in trophoblast 
development

What are the effects of HIES-associated Stat3 mutations on ES cell 
developmental programs?



Equıvalent expression of mutant and endogenous Stat3
in transgenic Stat3 R382Q ES cells
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Reduced expression of STAT3 direct targets
in R382Q ES cellsin R382Q ES cells
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Summary

R382Q Stat3 expression in murine ES Cells disrupts programs for growth and 
self renewalself renewal

Selection pressures during development may favor the wildtype allele and  
parallels the sporadic distribution of the diseasep p f

STAT3 is involved in many cell signaling pathways, explaining the non-immune 
phenotypesp yp

Our targeting strategy mirrors the mutations seen in Job’s patients  



Conditional Expression of R382Q Stat3 in Mice

HIES is a rare multisystem that affects many tissues: it would be 
useful to express the mutation in a tissue specific fashion

Mi  t d f  St t3 R382Q t i  ES ll

useful to express the mutation in a tissue specific fashion

Mice generated from Stat3 R382Q transgenic ES cells

CD4 Cre: mut nt STAT3 expressed specific ll  in T cells (RS3 CD4)• CD4 Cre: mutant STAT3 expressed specifically in T cells (RS3 CD4)

• Mb1Cre: mutant STAT3 expressed specifically in B cells (RS3 Mb1)

• EIIA Cre: mutant STAT3 expressed in all tissues (ADS3/+)



Immune responses in Job’s patientsImmune responses in Job s patients

Defective TH17 immunity

Defective TfH cell development

Defective memory cell responsesD f ct  m mory c  r spons s

Elevated serum IgE 



Normal B and T cell development in ADS3/+ mice
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Naïve ADS3/+ mice develop elevated 
levels of serum IgE

IgGIgM IgA IgE



S. pneumoniae whole cell antigen (WCA) immunization

Patients with Job’s syndrome have recurrent infections-typically staphylococcal or 
streptococcal

Immunization to S Pneumoniae induces a TH17-dependent immune response ( )
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Intact GC formation in ADS3/+ mice

Gate on CD19+ live cells:

UNIMMUNIZED WT ADS3/+

GL7

FAS

GL7

GC B cells ( CD19+FAS+GL7+) from draining lymph nodesg y p



Defective IL17 production in peripheral blood from 
WCA immunized ADS3/+ miceWCA immunized ADS3/  mice
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Defective WCA-specific IgM and IgG p g g
production in ADS3/+ mice



Increased Total IgE in ADS3/+ mice after immunization



Modest defect in NP specific IgG responses after T-dependent 
immunization;  normal T-Independent responses 



Summary

Defective IgG responses in response to TH17 associated antigens

Greatly elevated IgE serum levels in response to antigen

Independent of Alum or adjuvant

Defective in vivo plasma cell differentiationp
Impaired Blimp expression

What is the role of B cells in the immune response?
What mechanisms underlie the elevated serum IgE?What mechanisms underlie the elevated serum IgE?



Defective WCA-specific IgG production in B cell or T cell specific 
ADS3 mice



Increased Total IgE in ADS3/+ mice after immunization



IgE production is seen only in the presence of ADS3/+ B cells

unimmunized



Where is the increased IgE made?
Increased propensity of B cells to undergo switching to IgE?Increased propensity of B cells to undergo switching to IgE?
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If there is no evidence for increased IgE productionIf there is no evidence for increased IgE production

No increased numbers in LN, BM, peritoneum, spleen

No evidence for more IgE plasma cells

Regulators of serum IgE levels

FCER-high affinity expressed on mast cells, basophils

FCER2 low affinity receptor in mouse expressed on B FCER2- low affinity receptor- in mouse expressed on B 
cells.  Mice deficient for FCER2 have elevated IgE



Failure to induce CD23 expression in ADS3 B cellsFailure to induce CD23 expression in ADS3 B cells

WTWT

ADS3



Altered kinetics of IgE serum clearance in ADS3 mice



Conclusions

Defective response to antigens that function through a TH17-dependent immune 
response (WCA)

No significant defect in immune responses to other T-dependent antigen (TNP-
KLH) or to T independent antigen (TNP Ficoll)KLH) or to T independent antigen (TNP Ficoll)

Defective antigen specific IgG responses are due to both T and B cell specific 
mechanismsmechanisms

Elevated IgE levels seen in naïve mice, and especially after immunization with 
specific antigens

Elevated IgE results from mutant B cells

ADS3 B ll  i i i ll  f il  l  FCER2  d ib   h  ADS3 B cells intrinsically fail to upregulate FCER2, and contributes to the 
elevated serum IgE levels



There is increasing recognitions of patients with RAG deficiency presenting:

1 At an older age1- At an older age

2- Few overwhelming infections during childhood

3- Significant peripheral lymphocyte populations

4- Autoimmune features4 Autoimmune features
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Summary

The IgH B cell repertoire is potentially skewed early in development, altering 
the landscape for subsequent rearrangements and IgH gene modificationsthe landscape for subsequent rearrangements and IgH gene modifications

Rag activity may correlate with the ability to develop infections versus g y m y y p f
autoimmunity

Not all lymphocyte compartments are affected to the same degreey p y p g

Some immune responses are preserved 



Acknowledgments

Boston Children’s HospitalBoston Children s Hospital
Harvard Medical Scool

Francesca Rucci
NIH
Luigi Notarangelo

Susan Blasi
Katherine Graves
Kim Ching
Sabrina Volpi

u g ota a ge o
Stefano Volpi
Lisa Ott de Bruin

Sabrina Volpi
Alex Chen

Rick Malley
Kristen Moffitt

Fred Alt
Sherry Lin


