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Outline
• Current model of ARF pathogenesis
• Two prevailing theories regarding
development of autoimmunity in ARF

• New research approaches to study
ARF immunology
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• Molecular mimicry?
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What we know
and what we don’t

Adapted from Carapetis et al., Lancet, 2005

RF is an Immune
Mediated Disease

data). We wanted to examine the CD4 and CD8 lymphocytes in rM6-induced rat valvulitis. However, limitations due to
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Antibody deposit on mitral
valves (Kaplan et al 1964)

rM 6 were reacted with human cardiac myosin (HCM ), rabbit skeletal
myosin (RSM ), and actin in the tritiated thymidine incorporation assay
as described in M aterials and M ethods. Values represent the SI (mean
of test cpm/mean of medium control cpm). M edium controls in the
proliferation assays ranged from 2,000 to 5,000 cpm.

Previous studies with mice have also identiﬁed myocarditic
TA BLE 2. Characterization of T-cell line M 6.8
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Flow cytometry.

by Guilherme et al., sequences in the A and B repeat regions
of M 5 protein were reported to stimulate T cells from rheumatic valves (11). Conclusions from tests of M protein sequences indicate that only A and B repeat regions contain
pathogenic epitopes responsible for valvular or myocardial disease.
Previous studies with mice have also identiﬁed myocarditic

CD4+ T cells infiltrate mitral
valve endothelium (Quinn
et al 2001)

data). We wanted to examine the CD4 and CD8 lymphocytes in rM 6-induced rat valvulitis. However, limitations due to
formalin-ﬁxed tissues in the rM 6 study prevented this analysis.
Our data continue to conﬁrm a relationship between epitopes
of streptococcal M protein and cardiac myosin. The similarity
between M protein and cardiac myosin is signiﬁcant enough to
produce inﬂammatory heart disease in the Lewis rats. In a
separate study in our laboratory, we have identiﬁed A repeat
region sequences that produce valvulitis in Lewis rats, while B
and C repeat region sequences did not produce valvular heart
disease (manuscript in preparation). Furthermore, in studies
FIG. 4. Response of rat T-cell line M 6.8 to rM 6 protein and human
cardiac myosin. The proliferative response of line M 6.8 was measured
with a tritiated [ 3H] thymidine uptake assay. T-cell line M 6.8 was
cultured as 5 104 cells per well with 20 g of antigen per ml. rM 6,
puriﬁed type 6 M protein; HCM , human cardiac myosin; Lyso, lysozyme plus 2.5
105 mitomycin-treated spleen cells. Samples were
tested in triplicate, and the results were recorded as cpm with the
background subtracted. Error bars are shown.
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FIG. 5. Human rheumatic heart valve section reacted with antiCD4 antibody shown for comparison with the rat valve sections. The
human rheumatic valve section (A) illustrates the inﬁltration of CD4
lymphocytes (stained with fast red) through the endothelium into the
valve and the presence of a necrotic Aschoff body in the valve tissue.
A rheumatic valve section was reacted with a control immunoglobulin
G1 antibody and did not show any reactivity (B). Arrows point to
CD4 T lymphocytes entering the valve.
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presence of human cardiac myosin. Lymphocytes from inguinal and
popliteal lymph nodes of rats immunized and boosted with 500 g of
rM 6 were reacted with human cardiac myosin (HCM ), rabbit skeletal
myosin (RSM ), and actin in the tritiated thymidine incorporation assay
as described in M aterials and M ethods. Values represent the SI (mean
of test cpm/mean of medium control cpm). M edium controls in the
proliferation assays ranged from 2,000 to 5,000 cpm.
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How are Autoantibodies
generated?
Antibody deposit on mitral
valves (Kaplan et al 1964)

1. Mimicry (Cunningham Lab)
M protein

Mimicry with a-helical
proteins
• Myosin*
• laminin
• keratin
(*Intracellular)

Group A Carbohydrate

Mimicry with
glycosylated proteins
or carbohydrate
epitopes
•

Defined for chorea
but not carditis

Reviewed in Carapetis et al., NRDP, 2016
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How are Autoantibodies
generated?
Antibody deposit on mitral
valves (Kaplan et al 1964)

2. Collagen

Tandon et al., Nat Rev Cardiology, 2013
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How do T-cells drive
Autoimmunity?
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rM 6 were reacted with human cardiac myosin (HCM ), rabbit skeletal
myosin (RSM ), and actin in the tritiated thymidine incorporation assay
as described in M aterials and M ethods. Values represent the SI (mean
of test cpm/mean of medium control cpm). M edium controls in the
proliferation assays ranged from 2,000 to 5,000 cpm.
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by Guilherme et al., sequences in the A and B repeat regions
of M 5 protein were reported to stimulate T cells from rheumatic valves (11). Conclusions from tests of M protein sequences indicate that only A and B repeat regions contain
pathogenic epitopes responsible for valvular or myocardial disease.
Previous studies with mice have also identiﬁed myocarditic
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data). We wanted to examine the CD4 and CD8 lymphocytes in rM 6-induced rat valvulitis. However, limitations due to
formalin-ﬁxed tissues in the rM 6 study prevented this analysis.
Our data continue to conﬁrm a relationship between epitopes
of streptococcal M protein and cardiac myosin. The similarity
between M protein and cardiac myosin is signiﬁcant enough to
produce inﬂammatory heart disease in the Lewis rats. In a
separate study in our laboratory, we have identiﬁed A repeat
region sequences that produce valvulitis in Lewis rats, while B
and C repeat region sequences did not produce valvular heart
disease (manuscript in preparation). Furthermore, in studies

Tolerance

Autoimmunity

• Th17 cells associated with other
autoimmune diseases
FIG. 4. Response of rat T-cell line M 6.8 to rM 6 protein and human
cardiac myosin.
The proliferative response
of line M 6.8 was measured
o Psoriasis,
rheumatoid
arthritis,
with a tritiated [ H] thymidine uptake assay. T-cell line M 6.8 was
cultured as 5 10 cells per well with 20 g of antigen per ml. rM 6,
Crohn’s
disease
puriﬁed type
6 M protein; HCM , human cardiac myosin; Lyso, lysozyme plus 2.5
mitomycin-treated spleen cells. Samples were
• Elevatedtested
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in10RHD
(Baswereetrecorded
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background subtracted. Error bars are shown.
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FIG. 5. Human rheumatic heart valve section reacted with antiCD4 antibody shown for comparison with the rat valve sections. The
human rheumatic valve section (A) illustrates the inﬁltration of CD4
lymphocytes (stained with fast red) through the endothelium into the
valve and the presence of a necrotic Aschoff body in the valve tissue.
A rheumatic valve section was reacted with a control immunoglobulin
G1 antibody and did not show any reactivity (B). Arrows point to
CD4 T lymphocytes entering the valve.
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presence of human cardiac myosin. Lymphocytes from inguinal and
popliteal lymph nodes of rats immunized and boosted with 500 g of
rM 6 were reacted with human cardiac myosin (HCM ), rabbit skeletal
myosin (RSM ), and actin in the tritiated thymidine incorporation assay
as described in M aterials and M ethods. Values represent the SI (mean
of test cpm/mean of medium control cpm). M edium controls in the
proliferation assays ranged from 2,000 to 5,000 cpm.
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Pressing Research Need
• Pathogenesis remains poorly understood
– Lack of biomarkers and specific diagnostics for ARF
– No specific therapies for ARF
– No effective vaccines for GAS (Safety hurdle)

Vaccine research

ARF pathogenesis

Improved diagnostics
Specific therapies
Safe vaccine

New Technologies enable
Immune Profiling
High content
Protein arrays
Multiplex bead based
immunoassays
Multi-colour
flow cytometry

Transcriptomics
Immune repertoire
sequencing
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Image from www.uab.edu

Clinical samples
1. Pilot cohort
Waikato DHB (n=8)
Drs Polly Atatoa Carr, Anita Bell (2012-2015)

Starship (n=8)
Prof Ed Mitchell (2005)

2. RF Risk factor study
Prof Michael Baker (Otago)
Prof Dinny Lennon (Auck)

•
•
•
•
•
•

Northland
Counties-Manukau
Auckland
Waitakere
Waikato
Hutt-Capital Coast
ARF Notifications, ESR Surveillance Report 2014

ARF Immunology
Research in Auckland
Inflammatory
markers

Autoantibody
targets

• C-reactive protein
• Complement
profiling

• High content
protein arrays
• Validation using
human heart tissue

ARF diagnostics

B-cell repertoire

• Autoantibody
targets
• Novel strep
antigens

• Deep sequencing of
the BCR (pilot)

Measuring CRP and
Complement

1 ul
1 ul

16 Factors

3 Factors
100 ul
1 Factor
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High Content
Protein Arrays (I)
• Pilot study (ProtoArrays, Life Tech)
– ARF (n=4), Phar (n=3), HC (n=3)

Human IgG
IgM µ

Alexa Fluor
Ab

Image of ProtoArray for ARF patient A1

A Contemporary
Disease Model for ARF
Systems Biology

Antibody
repertoire

Cellular
Immunology

Transcriptome

Signaling Molecules
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Summary
• ARF pathogenesis is poorly understood
• New technologies for immune profiling
have great potential to improve disease
models
• Collaborative efforts will enable a
systems biology approach

15

Lab (current)
Paulina Hanson-Manful (postdoc)
Jeremy Raynes (PhD student)
Susan T (masters student)
University of Auckland
Rod Dunbar
John Fraser
Thomas Proft
Jace Loh
Waikato DHB
Polly Atatoa Carr
Anita Bell

RF Risk Factors Study
Michael Baker
Diana Lennon
Jason Gurney
Jane Oliver
Debbie Williamson
WEHI
Willy John Martin
Ian Wicks
Telethon Kids
Jonathan Carapetis
Meru Sheel

