EGID Pathogenesis

Seema S. Aceves, MD, PhD

Associate Professor, Pediatrics and Medicine

Director, |

Hosinophilic Disorders Clinic

University ot California, San Diego
Rady Children’s Hospital, San Diego



EOE:

A Clinicopathological
Diagnosis



Differential Diagnosis of
Esophageal Eosinophils

m Gastroesophageal Reflux Disease
m Eosinophilic esophagitis

m Eosinophilic gastroenteritis with
esophageal involvement

m Hypereosinophilic syndrome

m Parasitic infection

m Drug allergy

m Connective tissue disorder (scleroderma)
m ?Celiac with esophageal eosinophilia




2011 Consensus
Recommendations

Eosinophilic esophagitis: Updated consensus
recommendations for children and adults

Chris A. Liacouras, MD, Glenn T. Furuta, MD, lkuo Hirano, MD, Dan Atkins, MD, Stephen E. Attwood, MD, FRCS, FRCSI, MCh,
Peter A. Bonis, MID, A. Wesley Burks, MD, Mirna Chehade, MD, Margaret H. Collins, MD, Evan S. Dellon, MD, MPH,

Conceptual definition

Eosinophilic esophagitis represents a chronic, immune/
antigen-mediated esophageal disease characterized clinically by

symptoms related to esophageal dysfunction and histologically
by eosinophil-predominant inflammation.

Liacouras et al, 2011 Updated Consensus Recommendations, JACI
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Dlagnostlc gmdelme

EoE 1s a clinicopathologic disease. Clinically, EoE 1is
characterized by symptoms related to esophageal dysfunction.
Pathologically, 1 or more biopsy specimens must show
eosinophil-predominant inflammation. With few exceptions, 15
eosinophils/hpt (peak value) is considered a minimum threshold
for a diagnosis of EoE. The disease 1s isolated to the esophagus.
and other causes of esophageal eosinophilia should be excluded.

Liacouras et al, 2011 Updated Consensus Recommendations, JACI



Histologic Features

>15 eosinophils per hpt
Fosinophil Degranulation

Basal Zone Hyperplasia
Dilated Intercellular Spaces



Histologic Features

Liacouras et al, 2011 Updated Consensus Recommendations, JACI



Endoscopic
Features



Liacouras et al JACI, 2011



Symptoms and
Clinical Features



EOE Presentation by Age

Fraction of Pop.

Feeding Disorder—
Vomiting -

Abdominal Pain—

Noel, et al; N Engl J Med 2004; 3


Presenter
Presentation Notes
The predominant presenting symptom of EoE varies by age.  These retrospective, cross-sectional data reflect the varying complaint offered by patients, by age. These are not the sole symptom reported, but the primary complaint at referral.  Longitudinal observation of untreated patients to understand the progression of untreated disease has not been reported in children.




Pathogenesis: Triggers
for Eosinophilia

mAcid
mAeroallergens



Acid Driven
Eosinophilia



Reflux Index To Eosinophilia

Normal
Histology
(n=171)

No eos
Histologic
Changes
(n=40)

1-5
Eos/hpf
(n=42)

>20
Eos/hpf
(n=31)

Steiner et al, Am J Gastroenterol, 2004
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Eosinophils and GERD

14/M 25/M 13/F
Pain Food impaction | Dysphagia
Yes Yes No
Omeprazole Omeprazole Omeprazole
' 10 mg BID 20 mg BID 20 mg QD
37 21 99
1 3 0

Ngo, etal; Am J Gastroenterol 2006;101:1666.


Presenter
Presentation Notes
Regarding the numbers on eosinophils per HPF: Patient 1’s numbers were from 0-4 cm and Patients’ 2 and 3 numbers were from 5-10 cm. Does this make a difference for comparison?


PPl Responsive Esophageal
Eosinophilia

m Adiilt natiante _ .
An emerging body of literature and clinical experience de-

scribes a subset of patients whose symptoms and histopathologic
findings are responsive to PPI treatment and who might or might
not have well-documented GERD. Until more is known regarding

this subgroup of patients, these patients should be given diagnoses
of PPI-responsive esophageal eosinophilia. Future studies should
be performed to determine whether PPIs help to diminish an
immune/antigen-driven response, as 1s known to occur in patients
with EoE.

= Eosinophils >15 per hpf
= 40% Responded to PP

Molina-Infante et al, Clin Gastro Hepatol 2010
Dranove et al, JPGN 2010



Triggers:
Aeroallergens

B Animal Models

EHuman Disease



Aerollergens and EﬁoE: Causal Link

Esophagus
= |nstillation of: Aspergillus
m Intranasal Aspergillus P < 0.001
m Intranasal HDM
= Intranasal Cockroach R P

m Drives Murine EoE

P

Mishra et al., J Clin Invest 2001
Rayapaudi et al, J Leuko Biol 2010 i Dust mites
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Pollen Driven Eosinophilia

Characteristic| Allergy GERD Normal
Any Esophageal 10/38 5/24 0/25
Eos
Proximal Eos
Num Pts 6 4
Num Eos 5+/-7 2 +/-1.7
Range 1-20 1-4
Distal Eos
Num Pts 9 3
Num Eos 3 +/-4 8 +/- 6
Range 1-12 3-14

Onbasi et al. Clin Exp Allergy, 2005



Fogg et al, JACI 2003
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Seasonal EoE?
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Figure 3. Newly diagnosed cases of eosinophilic esophagitis (EoE) during
twi distinct periods of time.

Moawad et al Alim Pharm Ther 2009 Almansa et al Am J Gastro 2009



Recruiting Eosinophils
to the Esophagus

BChemokines
mInterleukins

mVascular Activation



Eotaxin-3

Cluster 1
Cluster 2

L 9
Cluster 3 o .
] ’," L F

1 Cluster 4

— iy e e S

53- fold Increase In Eotaxin-3 gene
expression in EoE versus GERD pediatric
patients

Blanchard, C. et al. J. Clin. Invest. 2006:116:536-547
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Anti-11.-5 in Children

Peak oesophageal eosinophils (meanxSD)

EEE 0.55 mg/kg BN 2.5 mg/kg EE 10 mg/kg
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780 genes
Upregulated
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Saline  hIL-13 IL-13+ IL-13+
CAT-001 CAT-354

*Instilling IT.-13 Causes

WL EE O 100 O 100 O 100 IL-13 ngmL
1 2 3

°[[.-13 treatment promotes
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Antibody
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Blanchard et al, Clin Exp Allergy 2005



I1.-15

B Increased I1.-15 on EoE Gene Chip

m [[-15Ra Deficient Mice: Protected from experimental
El o)l

m [I.-15 Increased in Human Esophageal biopsies

Induced IL-15 mRBNA in EoE
P <.001

IL-15 receptor on human epithelial cells
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Siglecs and EoE
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Esophageal Remodeling: Vascularity

vVWF Positive Vessels VCAM-1 Positive Vessels
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Eosinophil Activation



Eosinophil Derived Neurotoxin

Kephart et al, Am J Gastro 2010



Major Basic Protein

Mueller et al



More Than Just
Eosinophils

m] Cells
mB Cells
m[SLP



T Cells
B [ncreased CD3+, CD8+

B Murine EoE Induction Relies on T cells
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Lucendo et al, 2007; Mishra et al, 2007


Presenter
Presentation Notes
T Cell Deficient Mice are Protected from experimental EE

CD4-/- Mice are Relatively Protected from experimental EE


TSLP
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(normalized to GAPDH)
(normalized to GAPDH)
)

TSLP mRMA expression
=
TSLP mRMNA expression

Increased TSLP expression in EoE

m Genetic variants in TSLP and Eotaxin-3
associate with EoE

Rothenberg et al, Nature Genetics 2010



B Cells and Local IgE Production

Lamina propria

Increased B cells in :
*Epithelium
*VVascular Papillae
eLamina Propria

Gene name

Irmmunoglobulin lambda joining 3
Immunoglobulin heavy constant delta
Immuneglobulin J polypeptide, linker protein for I d |g E
immunoglobulin alpha and mu polypeptides n Cre ase
CD200 receptor 1 .
Membrane-spanning 4-domains, subfamily A, member 2 (Fc C I aSS SWltCh
fragment of IgE, high affinity |, receptor for, beta polypaptide)
Intarleukin 132 receptor, alpha
Homo sapiens partial IGKY gene for immunoglobulin kappa G e n eS
ain variable region
f na light polypeptide gene enhancer in B-cells,
~associated protein
ociated protein
osis factor (ligand) superfamily, member 13b
dtt lymphoma receptor 1, GTP kinding protein

|"l: smakine (- motif] receptor 5) 1 1
g - e RGeR & Vicario et al, Gut 2009




Mast Cells

Inflammation and
Complications



Mast Cells
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Epithelial Tryptase

m Mast Cells: Elevated, Specific Gene Profile
= May help distinguish EoE from GERD

Dellon et al, Am J Gastro 2011
Abonia et al, JACI 2010



Smooth Muscle Inflammation

' AN N SR s ISR, Lamina|Propria Mast Jells
Control )= TGFp1 TGFp1+Tryptase|  Tryptase

m Mast Cells are Increased In
the Smooth Muscle

m Mast cells make TGFp1

2

Smooth Muscle Mast Cells
per mm

Control EE
Tryptase

Aceves et al, JACI 2010



TGFB1 Causes Smooth Muscle
Contraction

m TGFB1 induces esophageal smooth
muscle cell contraction

Aceves et al, JACI 2010



Esophageal Remodeling:
Eosinophils Produce TGF1

MBP MBP + TGF(1 TGFB1

Aceves et al, J All Clin Immunol 2007


Presenter
Presentation Notes
-EE is defined by the presence of eosinophils.  Using this definition can make it difficult to decipher if eosinophils play a role in disease pathogenesis or are merely a surrogate marker for a disease that is mediated by other inflammatory cells

-We wanted to see if eosinophils were responsible for TGFb production in EE.  This is a stain for MBP in red, TGFb in green and cells that produce both are yellow.  

-Since eos serve as a cellular source for TGFb in EE it is at least likely that they are playing a role in the fibrogenic portion of disease pathologenesis


Esophageal Fibrosis

EoE Patients
have Increased
Fibrosis

Fibrosis2

Normal  GERD EE
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Animals without IL-5
and Eosinophils are
Protected from
Fibrosis

Collagen Thickness (um)

Aceves et al, JACI 2007
Mishra et al, Gastroenterology 2008



Esophageal Eosinophils: Periostin

£<0.001
P<0.05
P<0.001
P<0.05
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Blanchard et al, Mucosal Immunol 2008



Esophageal Remodeling:
The Key to the
Pathogenesis of
Complications?

Dysmotility ol

Food Impactions

GI Motility online (May 2006)



Inflammation Can Correlate with Endoscopy, Symptoms

Inflammation Endoscopy Symptom
Epithelial: Thickened/Furrows r=0.82*
Average Epithelial Score White Plaques, r =0.64*
Prox+Mid+Distal Pallor r=0.62* Dysphagia +
, e Anorexia/Early
Satiety
r=0.32*
Lamina Propria: Thickened/Furrows r=0.64*
Dysphagia
r=0.45*
*p<0.05

Aceves et al, Annals of All Immunol 2009



Decreased Esophageal
Distensibility

Fibrosis
Score

Normal GERD

Kwiatek et al, Gastroenterology 2011



Smooth Muscle

Korsapaall et al, Gastroenterol ZUuY

Fox et al, Gastrointest Endosc, 2003



EGE:
Beyond the Esophagus
Different or Disease
Extension?



Eosinophilic Gastroenteritis

m Diagnostic criteria not established

® Fosinophilia 1s normal in the non-esophageal intestine
m Often does not involve the esophagus
® Mucosal, Muscularis, Serosal Forms
m Primary — Atopic vs Non-atopic
m Secondary — Rule out

m HES, Vasculitis

m Celiac, IBD, Scleroderma, Infection



Eosinophilic Colitis

m Primary: Atopic vs Non-Atopic
= Allergic Colitis of Infancy
m Secondary

m HES, EGE
m Rule out: IBD, Infection



Animal Model of GI Eosinophilia
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Ovalbumin induces Gastric and Esophageal
Eosinophilia

Hogan et al, 2001



Animal Model of GI Eosinophilia
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Disease Mechanisms

B [ncreased CD4+
peripheral cells that are
antigen specific
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® Fosinophilic
gastroenteritis patients
have increased IL.-5+ I11.-4-

cells compared to Non-
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Patients

Prussin et al JACI 2009



Conclusions

m Hosinophilic esophagitis 1s more than
eosinophils
m Pathogenesis includes Eosinophil Activation

m Pathogenesis includes T cells, B cells, Mast Cells,
and Degranulated Mast Cells

m Remodeling may explain the pathogenesis for
Disease Complications

m EGE s likely a Distinct Disease from isolated
Elo)lE
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