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PostPost--bronchiolitis Asthmabronchiolitis Asthma--like Phenotypelike Phenotype

Fischer 344 (F344)Fischer 344 (F344)
low IgE producer low IgE producer 
“nonatopic” (Th1)“nonatopic” (Th1)

aerosolized aerosolized 
parainfluenza type 1 parainfluenza type 1 

(Sendai) virus(Sendai) virus

weanling rats 
(3-4 weeks old)Brown Norway (BN)Brown Norway (BN)

high IgE producer high IgE producer 
“atopic” (Th2)“atopic” (Th2)

88--10 weeks postinfection10 weeks postinfection

Normal AirwaysNormal AirwaysAbnormal AirwaysAbnormal Airways
••episodic, reversible airway obstructionepisodic, reversible airway obstruction
••chronic airway inflammationchronic airway inflammation
••airway hyperresponsiveness to methacholineairway hyperresponsiveness to methacholine
••airway wall remodeling

Model developed in collaboration Model developed in collaboration 
with W.L. Castleman (U. of Florida)airway wall remodeling with W.L. Castleman (U. of Florida)
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Development of the PostDevelopment of the Post--bronchiolitisbronchiolitis
AsthmaAsthma--like Phenotype in Brown Norway Rats:like Phenotype in Brown Norway Rats:

Host ResponseHost Response (Genetic Factor)(Genetic Factor)

to Sendai Virusto Sendai Virus (Environmental Factor)(Environmental Factor)

During Early LifeDuring Early Life ((Developmental FactorDevelopmental Factor))

Drives ProcessDrives Process



Sendai Sendai 
Virus Virus 

InfectionInfection

d2d2
Viral replicationViral replication

d6d6--88
Virus sheddingVirus shedding

>> Week 4Week 4

d10d10--1414
Resolution of Resolution of 

acute acute 
inflammatory inflammatory 

changeschanges

Abnormal Abnormal 
resolution of resolution of 
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inflammatory inflammatory 

changes?changes?

Development of asthmaDevelopment of asthma--like phenotypelike phenotype
••episodic, reversible airway obstructionepisodic, reversible airway obstruction
••chronic airway inflammationchronic airway inflammation
••airway hyperresponsivenessairway hyperresponsiveness
••airway wall remodelingairway wall remodeling

BN and F344: BN and F344: 
BronchiolitisBronchiolitis

Acute PhaseAcute Phase Chronic PhaseChronic Phase
BN: YESBN: YES

F344: NO F344: NO 
Dysregulation of Dysregulation of 
innate immune innate immune 

response?response?



Development of AsthmaDevelopment of Asthma--like Phenotype: like Phenotype: 
Importance of IFNImportance of IFN--γγ During Acute PhaseDuring Acute Phase

•• IFNIFN--γγ in bronchoalveolar lavage fluid during in bronchoalveolar lavage fluid during 
acute Sendai virus infection in weanling rats:  acute Sendai virus infection in weanling rats:  
F344 > BNF344 > BN

•• Aerosolized IFNAerosolized IFN--γγ prevents the development of prevents the development of 
postpost--bronchiolitis chronic airway dysfunction in bronchiolitis chronic airway dysfunction in 
BN rats.BN rats.



PostPost--bronchiolitis Asthmabronchiolitis Asthma--like Phenotypelike Phenotype

Fischer 344 (F344)Fischer 344 (F344)
low IgE producer low IgE producer 
“nonatopic” (Th1)“nonatopic” (Th1)

aerosolized aerosolized 
parainfluenza type 1 parainfluenza type 1 

(Sendai) virus(Sendai) virus

weanling rats 
(3-4 weeks old)

Normal AirwaysNormal Airways

88--10 weeks postinfection10 weeks postinfection

Brown Norway (BN)Brown Norway (BN)
high IgE producer high IgE producer 

“atopic” (Th2)“atopic” (Th2)

Normal AirwaysNormal Airways

IFNIFN--γγ

Sorkness et al. 1999. AJRCCM 160:705 



PhysGen Consomic RatsPhysGen Consomic Rats

•• Parental strains for consomic rats:Parental strains for consomic rats:
–– Dahl salt sensitive (SS; hypertension model)Dahl salt sensitive (SS; hypertension model)
–– Fawn hooded hypertensive (FHH; hypertension Fawn hooded hypertensive (FHH; hypertension 

and endand end--stage renal disease model)stage renal disease model)
–– Brown Norway (BN; control strain: normotensive)Brown Norway (BN; control strain: normotensive)

•• Useful for studying the role of genetic factors in Useful for studying the role of genetic factors in 
susceptibility/resistance to the development of the susceptibility/resistance to the development of the 
postpost--bronchiolitis asthmabronchiolitis asthma--like phenotype?   like phenotype?   



Balance Between Th1Balance Between Th1-- and Th2and Th2--type Cytokinestype Cytokines

Th1Th1
Th2Th2 Th1Th1

Th2Th2

BNF344 F344 
SS?SS?

FHH?FHH?
“non“non--atopic” “atopic”“atopic”atopic”

Th1Th1--type: IFNtype: IFN--γγ, IL, IL--12;  Th212;  Th2--type: ILtype: IL--4, IL4, IL--5, IL5, IL--1313



Are the Immune Responses of SS and FHHAre the Immune Responses of SS and FHH

Rats Th1Rats Th1--biased Like Those of F344 Rats? biased Like Those of F344 Rats? 



Screening Assay for Th1Screening Assay for Th1-- and Th2and Th2--type type 
Cytokine Production by Spleen CellsCytokine Production by Spleen Cells
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Balance Between Th1Balance Between Th1-- and Th2and Th2--type Cytokinestype Cytokines

Th1Th1
Th2Th2 Th1Th1

Th2Th2

BNF344 F344 
SSSS

FHHFHH
“non“non--atopic” “atopic”“atopic”atopic”

Th1Th1--type: IFNtype: IFN--γγ, IL, IL--12;  Th212;  Th2--type: ILtype: IL--4, IL4, IL--5, IL5, IL--1313



Are SS Rats, Like F344 Rats, Resistant to the Are SS Rats, Like F344 Rats, Resistant to the 
Development of PostDevelopment of Post--bronchiolitis Airway bronchiolitis Airway 

Dysfunction?Dysfunction?



PostPost--bronchiolitis Airway Dysfunction in bronchiolitis Airway Dysfunction in 
BN, but not SS, RatsBN, but not SS, Rats



Therefore, Therefore, in vitroin vitro cytokine data and cytokine data and in vivoin vivo
physiology data suggest that the PhysGen physiology data suggest that the PhysGen 
consomic rat strains will be useful tools for consomic rat strains will be useful tools for 
studying the role of genetic factors in studying the role of genetic factors in 
susceptibility/resistance to the development of susceptibility/resistance to the development of 
the postthe post--bronchiolitis asthmabronchiolitis asthma--like phenotype.     like phenotype.     



Screening of Consomic Rat StrainsScreening of Consomic Rat Strains

•• SS.BN13SS.BN13
•• SS.BN16SS.BN16
•• SS.BN18SS.BN18
•• SS.BN9SS.BN9
•• SS.BN20SS.BN20



Screening Assay for Th1Screening Assay for Th1-- and Th2and Th2--type type 
Cytokine Production by Spleen CellsCytokine Production by Spleen Cells
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Th1 and Th2 Cytokine ProductionTh1 and Th2 Cytokine Production

•• No strain differences were observed among No strain differences were observed among 
SS and these five SS.BN strains with regard SS and these five SS.BN strains with regard 
to Con Ato Con A--stimulated IFNstimulated IFN--γγ production [or ILproduction [or IL--4 4 
or ILor IL--13 production (not shown)] .13 production (not shown)] .



Chr. 20: Major Histocompatibility ComplexChr. 20: Major Histocompatibility Complex

•• SS.BN20 SS.BN20 

-- Histocompatible Histocompatible with BN?with BN?

-- HistoincompatibleHistoincompatible with SS? with SS? 



TwoTwo--way Mixed Lymphocyte Culturesway Mixed Lymphocyte Cultures
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Potential Uses of the HistocompatiblePotential Uses of the Histocompatible
SS.BN20 Strain for Studies in BN RatsSS.BN20 Strain for Studies in BN Rats

•• in vitroin vitro

•• cell mixing studiescell mixing studies

•• in vivoin vivo

•• adoptive cell transfer studiesadoptive cell transfer studies

•• organ transplant studiesorgan transplant studies



PhysGen Consomic Rat Development TimelinePhysGen Consomic Rat Development Timeline

•• SS.BN12SS.BN12
•• FHH.BN1 FHH.BN1 (IL(IL--4R4Rαα))
•• SS.BN6 SS.BN6 (Immunoglobulin)(Immunoglobulin)
•• SS.BN7 SS.BN7 (IFN(IFN--γγ))
•• SS.BN8SS.BN8
•• Fischer CDF(FFischer CDF(F--344)CrlBR344)CrlBR
•• BN/SsNHsd/McwBN/SsNHsd/Mcw

http://pga.mcw.eduhttp://pga.mcw.edu



Future DirectionsFuture Directions

•• Continue screening spleens from adult consomic rats.Continue screening spleens from adult consomic rats.

•• PhysGen consomic rat strains to be distributedPhysGen consomic rat strains to be distributed
through Charles River Laboratories.through Charles River Laboratories.

•• Availability of weanling consomic rats will significantly Availability of weanling consomic rats will significantly 
increase options with regard to screening. increase options with regard to screening. 

•• Level of characterization of weanlings from each consomic Level of characterization of weanlings from each consomic 
strain?  Resources that will inform these decisions include:strain?  Resources that will inform these decisions include:

•• Rat Genome Database; Rat Genome Sequencing ProjectRat Genome Database; Rat Genome Sequencing Project
•• Virtual Comparative MapsVirtual Comparative Maps
•• MCWMCW--TIGR microarray expression profiling of ratTIGR microarray expression profiling of rat

consomic panels (lung) consomic panels (lung) 
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