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Building on the incredible success of the 2019 
inaugural Symposium, and the 2020 inaugural 
Patient and Family Forum, the Maddie’s 
Vision Centre of Research Excellence in 
Bone Marrow Biology is delighted to host the 
second National Symposium on Bone Marrow 
Failure Syndromes.

Maddie Riewoldt’s Vision (Maddie’s Vision) 
is dedicated to finding new treatments 
and ultimately cures for both acquired and 
inherited Bone Marrow Failure Syndromes. 
Since inception in 2015, Maddie’s Vision 
has been a galvanising force in elevating 
awareness of bone marrow failure, raising 
substantial funds (over $10 million AUD in 
committed funds) and purposely identifying 
and supporting the best researchers in 
Australia to enable them to specifically 
undertake focused research in bone marrow 
failure.

 In 2018, with assistance from Victorian 
State Government funding, Maddie’s Vision 
established the Centre of Research Excellence 
(CRE) in Bone Marrow Biology. The CRE has 
provided a centralised contact point for 
all current grantees, researchers and co-
researchers, community organisations and 
commercial entities.

The CRE has provided capacity to incorporate 
additional projects, to complete a critical 
mass of researchers and complementary 
projects, to expand infrastructure and 
coordinate BMFS research opportunities. 
This has facilitated a synchronisation of 
current and future research opportunities 
and is amplifying and accelerating research 
outcomes.

In May 2019, the CRE’s inaugural National 
Symposium on Bone Marrow Failure 
Syndromes attracted 180 delegates from 
across Australia and abroad. Building on 
this incredible success and momentum, 
the CRE is delighted to host the second 
National Symposium on Bone Marrow Failure 
Syndromes - Thursday 27th to Saturday 29th 
May, 2021. The three day event offers a full 
day Patient and Family Forum and a one and a 
half day scientific symposium.

The symposium will provide a further 
opportunity to bring together the most 
innovative, talented and exceptional minds in 
the field of Bone Marrow Failure Syndromes 
from both Australia and abroad. We are 
thrilled to have secured four incredible 
international guest speakers, and curated 
a program that features presentations 
from clinicians, scientists, allied health 
professionals and patients and family 
members.

This booklet contains abstracts for the 
Scientific Symposium. The Maddie’s Vision 
family welcomes you to the second National 
Symposium on Bone Marrow Failure 
Syndromes.
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SESSION 1 – International clinical expertise  
SPONSORED BY The Royal Melbourne Hospital Foundation
CHAIR – Professor David Ritchie

Melbourne AEST

9:00
Welcome  
– Professor David Ritchie, Maddie’s Vision CRE Director

9:15
Recent Advances in Diagnosis and Treatment of Aplastic Anaemia  
– Professor Neal Young 

9:45
Update on the Diagnosis and Management of the Telomere Biology Disorders  
– Professor Alison Bertuch

10:15
Patient Perspective 1  
– Mr Rowan Ashby

10:30 Q & A

10:45-11:15 BREAK

SESSION 2 – Clinical considerations
CHAIR – Dr Anthea Greenway

11:15
Genetic testing in Bone Marrow Failure  
– Dr Lucy Fox (Adult Haematologist, Peter MacCallum Cancer Centre)

11:30
Genetic Counselling  
– Anna Jarmolowicz (Genetic Counsellor, Peter MaCallum Cancer Centre)

11:45
Haematopoietic Stem Cell Transplant in BMFS  
– Dr David Hughes (Paediatric Haematologist and Transplant Physician)

12:00
Haematopoietic Stem Cell Transplant nursing care  
– Sally Anderson (Bone Marrow Transplant Nursing Coordinator,  
The Royal Children’s Hospital)

12:15
Patient Perspective 2  
– Mr Nick Miller (post transplant AA perspective)

12:30 Q & A

12:45 - 13:45 BREAK

SESSION 3 – Paediatric allied health considerations
CHAIR – Dr Pasquale Barbaro

13:45
Psychosocial Impacts  
– Associate Professor Maria McCarthy (coordinator, Psycho-oncology, 
Children’s Cancer Centre, The Royal Children’s Hospital)

14:00
Procedural distress management  
– Shari Manley (Comfort First Team, The Royal Children’s Hospital)

14:15
Telehealth support  
– Mei Ling Yeh (Clincial Nurse Specialist, The Royal Children’s Hospital and 
Maddie’s Vision Telehealth Nurse)

14:30
Nutrition  
– Jodie Bartle (Clinical Specialist Dietitian, The Royal Children’s Hospital)

14:45
Physical rehabilitation  
– Claire Laurie (Senior Physiotherapist, The Royal Children’s Hospital)

15:00 Q & A

15:15 - 15:45 BREAK

SESSION 4 – Patient perspectives & future directions
CHAIR – Associate Professor Rachel Conyers

15:45
Patient Perspective 3  
– Ms Karen Savage (parent of patients’ perspective)

16:00
Gene and Cellular Therapies  
– Associate Professor Andrew Deans (St Vincent’s Institute of Medical 
Research)

16:15
Clincal Trial Opportunities, Registry and Biobank  
– Dr Lucy Fox

16:30 Q & A

17:00 Nick Riewoldt Chairman / Elaine Montegriffo CEO – closing remarks

END OF SESSION

Patient and Family Forum 
Thursday 27 May
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SESSION 5 – BMF Genomics
CHAIR – Dr Piers Blombery

Melbourne AEST

13:00 Welcome – Professor David Ritchie, Maddie’s Vision CRE Director

13:15
Welcome and official launch  
– Mr Frank McGuire MP, Parliamentary Secretary for Medical Research

13:25
Clonal haematopoiesis in the immunocompromised  
– Dr Paul Yeh

13:40
Longitudinal mutation profiling in patients with acquired BMFS  
– Dr Georgina Ryland 

13:55
Evaluating Multidisciplinary Bone Marrow Failure Care – the EMBRACE study 
– Dr Lucy Fox

14:10
MECOM – case studies in an emerging bone marrow failure disorder  
– Dr Eliska Furlong, Dr Annette Swift, Professor Hamish Scott

14:45 Q & A

15:00 - 15:30 BREAK

SESSION 6 – Stem cell / stem cell niche  
SPONSORED BY MSD    
CHAIR – Professor David Ritchie

15:30
High multiplex spatial immune microenvironment analysis in Bone Marrow 
Failure Syndromes  
– Dr Rachel Koldej

15:45
Immunlogical basis to poor graft function post allogeneic stem cell transplantation  
– Dr Ashvind Prabahran

16:00
Single cell eQTL mapping identifies cell-type specific control of autoimmune 
disease  
– Dr Kirsten Fairfax

16:15
Two tier protection and the metabolic origins of bone marrow failure   
– Professor Ketan Patel 

16:45 Q & A

END OF SESSION

Scientific Symposium 
Friday 28 May
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SESSION 7 – Aplastic Anaemia  
SPONSORED BY Alexion
CHAIR – Professor Erica Wood

Melbourne AEST

9:00
Welcome  
– Professor David Ritchie, Maddie’s Vision CRE Director

9:15
Immunosuppression Combined with Stem Cell Stimulation:  
Clinical Outcomes and Biological Insights  
– Professor Neal Young

9:45
Diagnosis of Aplastic Anaemia, Management and Outcomes Utilising a 
National Dataset, the DIAAMOND study update  
– Associate Professor Stephen Ting

10:00
Update from the Aplastic Anaemia and other Bone Marrow Failure Syndromes 
Registry  
– Dr Lucy Fox

10:15
The Australian Marrow Failure Biobank  
– Professor Melissa Southey

10:30 Q & A

10:45-11:15 BREAK

SESSION 8 – Telomere Biology Disorders  
SPONSORED BY AstraZeneca
CHAIR – Dr Pasquale Barbaro 

11:15
Telomeres and Telomerase in Health, Ageing, and Disease  
– Professor Alison Bertuch

11:45
Modelling telomere-related bone marrow failure syndromes  
– Professor Tracy Bryan

12:00
Telomere Biology Disorders – case studies and insights into disease 
mechanisms from functional studies  
– Dr Lucy Fox and Professor Tracy Bryan

12:30 Q & A

12:45 - 13:45 BREAK

Scientific Symposium 
Saturday 29 May

SESSION 9 – Inherited BMFS and germline predisposition
CHAIR – Professor Tracy Bryan

13:45
Modelling germline mutations to understand BMF and malignancy 
development  
– Dr Parvathy Venugopal

14:05

Collaborative international data aggregation and analysis for rare inherited 
BMF and Cancer Predisposition Syndromes caused by germline RUNX1, 
GATA2, and DDX41 mutations  
– Dr Claire Homan

14:25
Bone marrow failure disease allele evaluation in zebrafish models  
– Dr Vahid Pazakh

14:45

Determining the efficacy of the oral CXCR4 antagonist Mavorixafor for correcting 
severe neutropenia and defective immunological function in patients with 
WHIM syndrome  
– Professor Frank Firkin

15:05 Q & A

15:15 - 15:30 BREAK

SESSION 10 – Future therapies and clinical trials
CHAIR – Dr Wayne Crismani

15:30
Modelling bone marrow failure with iPSCs  
– Professor Andrew Elefanty

15:45
Identification of epigenetic complexes driving haematopoiesis   
– Dr Yih-Chih Chan

16:00
Development of tools for precise gene editing in bone marrow  
– Associate Professor Andrew Deans

16:15
Gene therapy strategies to correct hematopoietic stem cells from Fanconi 
anemia patients  
– Dr Paula Rio

16:45 Q & A

17:00
Nick Riewoldt Chairman / Professor David Ritchie Maddie’s Vision CRE 
Director / Elaine Montegriffo CEO – closing remarks

END OF PROGRAM

12 13

Pr
og

ra
m

Pr
og

ra
m



International 
Guest Speakers



In
te

rn
at

io
na

l G
ue

st
 S

pe
ak

er
s

In
te

rn
at

io
na

l G
ue

st
 S

pe
ak

er
s

16 17

Dr Bertuch is the director of the Bone Marrow Failure 
Program at Texas Children’s Hospital, the largest 
children’s hospital and among the top-ranked pediatric 
hematology/oncology centers in the United States. She 
is also Professor of Pediatric Hematology/Oncology 
and Molecular & Human Genetics at Baylor College of 
Medicine.

She has a long-standing interest in telomere biology 
and her research contributions have spanned from 
the basic science of telomeres to translational and 
clinical studies on the telomere biology disorders, such 
as the bone marrow failure predisposition syndrome 
dyskeratosis congenita. She is particularly interested 
in the complexity of the molecular genetics underlying 
these disorders.

Dr Bertuch has served in several leadership roles 
including as a Co-leader of the Clinical Care Consortium 
for Telomere Associated Ailments, as an inaugural 
Executive Committee member of the North American 
Pediatric Aplastic Anemia Consortium, and recent 
Chairperson of the American Society of Hematology 
Scientific Committee on Bone Marrow Failure. She is on 
the Medical Advisory Board of Team Telomere and the 
Scientific Advisory Board of the Shwachman-Diamond 
Syndrome Registry. She has received several honors 
including election to the American Society for Clinical 
Investigation and the American Pediatric Society. 

Keynote Professor Alison Bertuch
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Dr Neal S Young MD, Chief of the Hematology Branch 
of the National Heart, Lung and Blood Institute, is 
a world expert in the study of bone marrow failure.  
His clinical and research interests include aplastic 
anemia, telomeropathies and other inherited 
bone marrow failure syndromes, myelodysplastic 
syndromes, paroxysmal nocturnal hemoglobinuria, 
and parvovirus B19.  His scientific investigations have 
spanned basic science and translational research, 
epidemiology and molecular biology, and especially 
pivotal clinical treatment protocols. His work has 
led to understanding the pathophysiology of aplastic 
anemia as immune-mediated and the development 
of effective immunotherapy that has dramatically 
improved survival in this devastating disease. Most 
recently, his group has discovered that eltrombopag 
can stimulate hematopoetic stem cells in bone marrow 
failure and and that danazo is both effective in the 
treatment of telomeropathies and elongates telomeres. 
During the course of his career, he has trained over 100 
postdoctoral and clinical fellows and mentored many 
junior faculty members.  He has published over 500 
original research articles, reviews, book chapters, and 
monographs.

 

Keynote Professor Neal Young
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Dr Paula Río is a Principal Investigator in the 
Hematopoietic Innovative Therapies Division at CIEMAT/
CIBERER/IIS-FJD, Madrid (Spain). She has been working 
in the field of gene therapy for Fanconi anemia for more 
than 20 years. Nowadays she is deeply involved as 
Associated investigator in two different clinical trials 
focused on the correction of HSCs from Fanconi anemia 
A patients (FANCOLEN, Eudra CT: 2011-006100-12 and 
FANCOLEN II EudraCT 2018-002502-31) (Rio et al., 
Nat Med, 2019). She is also in charge of Production 
department of the GMP facility Clinistem for the 
development of gene therapy trials for rare diseases. 

Since 2010 she has been focused in gene editing 
strategies, first by targeting HSCs from FA patients by 
Homologous recombination (Rio*, Baños* et al.,EBMM, 
2014; Diez et al.,EBMM 2017) and nowadays by Non-
homologous end joining using the CRISPR/Cas9 system 
(Román-Rodríguez et al., Cell Stem Cell, 2019). 

Dr Paula Río

Professor KJ Patel is the Director of the Weatherall 
Institute for Molecular Medicine and also the MRC 
Molecular Hematology Unit at the University of Oxford. 
KJ trained in medicine in London and spent his 
research career until recently at the MRC Laboratory 
of Molecular Biology, Cambridge which is one of the 
premier research institutes in the world. He was 
also professor for molecular medicine and stem cell 
genomics at the University of Cambridge. His research 
focuses on the molecular basis of inherited genomic 
instability and the role it plays in the biology of stem 
cells particularly those that make blood. He is a Fellow 
of the Royal Society (FRS), Fellow of the Academy of 
Medical Sciences UK (FMedSci) and also a member of 
the European Molecular Biology Organisation (EMBO).

Professor Ketan Patel
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Dr Paul Yeh
Clonal haematopoiesis in the immunocompromised

Background
Clonal haematopoiesis (CH) is characterised by the clonal expansion of a small number of 
hematopoietic stem cells that harbor somatic mutations. CH prevalence increases with age and 
is associated with higher risk of cardiovascular complications and haematological malignancy. 
Although not all people with CH will develop these complications, there is increasing evidence 
demonstrating that altered immunity and inflammation promotes CH expansion. We therefore 
sought to interrogate the effect of immunosuppression on CH development in two different 
clinical contexts.

Method
Firstly, we explored the effect of induced immunosuppression by screening for CH in 151 donors 
in allogeneic stem cell transplantation (alloSCT). We then characterised engraftment dynamics 
post-alloSCT with donor CH mutation burden, immune reconstitution and long-term clinical 
outcomes.

Secondly, we explored the effect of acquired immunosuppression by screening for CH in patients 
with HIV (the ARCHIVE study). We prospectively recruited 446 paticipants comparing the 
prevalence of CH in participants with and without HIV. Demographic and clinical data were also 
collected to identify potential risk-factors for CH. 

Results 
In alloSCT, we detected CH in 13.2% of donors. Donor CH was associated with shorter neutrophil 
engraftment times (p<0.05) and showed a higher clonal burden in the CD3-negative myeloid 
cells. In transplant recipients harbouring donor CH, we also observed progressive restriction of 
T-cell diversity, increase in CH clonal burden over time and subsequent development of chronic 
graft-versus-host disease. 

In HIV, CH was more prevalent in HIV-positive participants than in HIV-negative participants 
(28.2% vs.16.8%, p=0.004), overall and across all age groups. Additionally, CH and HIV 
infection were independently associated with increases in biomarkers associated with 
inflammation.

Conclusion
These data show (i) that engraftment of donor CH influences haematopoietic and immune 
reconstitution post-alloSCT and (ii) a selective advantage for the emergence of CH in the context 
of chronic infection and inflammation related to HIV infection.

Author(s) / Affiliations
Paul Yeh1,2, Nila J. Dharan3, Cassandra Litchfield1, Miriam M. Yeung1,2, Madawa 
Jayawardana2, Rachel Koldej4,5, Jenny Collins6, Mark Bloch7, David Baker8, Jerick Guinto1, Sarah 
Ftouni1, Stephen Q. Wong1,2, Norman Roth9, Katherine Ognenovska3, Don Smith10,11, Jennifer F. 
Hoy12, Ian Woolley13,14, Catherine Pell15, David J. Templeton3,16,17, Neil Fraser18, Nectarios Rose3, 
Jolie Hutchinson3, Kathy Petoumenos3, Mark N. Polizzotto3,19, David Ritchie2,4,5,6, Sarah-Jane 
Dawson1,2, 20, Mark A. Dawson1,2,5,6,20

1. Division of Cancer Research, Peter MacCallum Cancer Centre, Melbourne, VIC, Australia
2. Sir Peter MacCallum Department of Oncology, University of Melbourne, VIC, Australia
3. Kirby Institute, University of New South Wales Sydney, Sydney, New South Wales, Australia
4. ACRF Translational Research Laboratory, Royal Melbourne Hospital, VIC, Australia
5. Department of Medicine, University of Melbourne, VIC, Australia
6. Clinical Haematology, Peter MacCallum Cacner Centre and Royal Melbourne Hospital, VIC, Australia
7. Holdsworth House Medical Practice, Sydney, New South Wales, Australia
8. East Sydney Doctors, Darlinghurst, New South Wales, Australia
9. Prahran Market Clinic, Melbourne, Victoria, Australia
10. Albion Centre, South Eastern Sydney Local Hospital Network, Sydney, NSW, Australia 11School of Public Health and 

Community Medicine, University of New South Wales Sydney, Sydney, Australia
12. Department of Infectious Diseases, Alfred Hospital and Monash University, Melbourne, Victoria, Australia
13. Monash Infectious Diseases, Monash Health, Clayton, Victoria, Australia
14. Centre for Inflammatory Diseases, Monash University, Clayton, Victoria, Australia
15. Taylor Square Private Clinic, Darlinghurst, NSW, Australia
16. Department of Sexual Health Medicine and Sexual Assault Medical Service, Sydney Local Health District, Sydney 

New South Wales, Australia
17. Discipline of Medicine, Central Clinical School, Faculty of Medicine and Health, The University of Sydney, Sydney, 

New South Wales, Australia 
18. Positive Life, Sydney, New South Wales, Australia
19. St Vincent’s Hospital, Darlinghurst, New South Wales, Australia
20. Centre for Cancer Research, University of Melbourne, Melbourne, Victoria, Australia
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Dr Georgina Ryland
Longitudinal mutation profiling in patients with 
acquired bone marrow failure disorders

Author(s) / Affiliations
Georgina Ryland*1,2, Lucy Fox*1,2,3, Michael Brown4, Xiangting Chen1, Dani Croning4, Michelle 
McBean1, Ella Thompson1,2, Jennifer Lickiss1, Satwica Yerneni1, Ashish Bajel4, Sarah-Jane 
Dawson2,5, Robin Filshie6, Kylie Mason4, Sue Morgan7, David Ritchie4, Jeff Szer4, David 
Westerman1,2,4, and Piers Blombery1,2,4

1. Pathology, Peter MacCallum Cancer Centre, Melbourne, Australia
2. University of Melbourne, Melbourne, Australia
3. Monash University, Melbourne, Australia
4. Clinical Haematology, Peter MacCallum Cancer Centre and Royal Melbourne Hospital, Melbourne, Australia
5. Cancer Research Division, Peter MacCallum Cancer Centre, Melbourne, Australia
6. St. Vincent’s Hospital Melbourne, Melbourne, Australia
7. Alfred Hospital, Melbourne, Australia
*Co-presenting authors

Background
Paroxysmal nocturnal haemoglobinuria (PNH) and idiopathic aplastic anaemia (iAA) are 
acquired bone marrow failure disorders that likely represent different manifestations of a 
common underlying immune-mediated process with concomitant clonal haematopoiesis. The 
somatic mutation profiles of PNH and iAA reflect this immune pathophysiology and may predict 
response to immunosuppression. In both entities clonal evolution precedes transformation to 
myeloid malignancy, however this is difficult to predict from a single time point. The predictive 
value of mutations may be improved by serial analysis and cell-free DNA (cfDNA) testing may 
represent a non-invasive alterative to repeated bone marrow biopsy.

Method
Since 2017, 650 patients have undergone comprehensive molecular testing for a suspected bone 
marrow failure disorder at our centre. From this large clinical cohort two groups were selected 
aiming to characterise (1) the mutation landscape in classical PNH by performing molecular 
assessment of 21 patients at two time points (median follow-up 787 days), and (2) longitudinal 
genomic changes in 15 patients with iAA (median follow-up 670 days) and compare peripheral 
blood/bone marrow mutation detection (cellular compartment) with cfDNA. Somatic mutations 
were assessed using custom targeted next generation sequencing panels (sensitivity <1%). 

Results 
In PNH, we frequently identified multiple PIGA mutated clones (17/21 patients) including both 
mutation and gene deletion. ASXL1 mutations were also frequent (7/21 patients). In most cases 
mutation profiles remained stable over time.

In iAA, mutations were detected in 13/15 patients at the first time point, with a higher proportion 
detected in cfDNA but with unique mutations detected in both compartments. The majority of 
mutations were detected at low allelic fraction (<10%) highlighting the need for sensitive mutation 
detection in this setting. Importantly, new mutations were observed in four patients during follow-up 
and went from undetectable to high allelic fraction within a short interval (5 - 13 months), an 
important consideration when designing molecular screening schedules to pre-empt transformation.

Conclusion
Our data demonstrates the utility of longitudinal molecular assessment and non-invasive 
monitoring in acquired bone marrow failure syndromes and provides a foundation upon which to 
incorporate molecular assessment into prospective studies aimed at validating these observations.

Dr Lucy Fox
Design and implementation of a comprehensive genetic 
and clinical care program for patients with germline 
predisposition to haematological malignancy and bone 
marrow failure syndromes

Author(s) / Affiliations
Lucy Fox on behalf of the EMBRACE Investigators, Peter MacCallum Cancer Centre & Royal 
Melbourne Hospital, Melbourne, Australia 

EMBRACE Investigators – Lucy Fox, Anna Jarmolowicz, Mary Panjari, Karin Thursky, Jill Francis, 
Ashish Bajel, David Ritchie, Piers Blombery

Aim
Patients with germline predisposition to haematological malignancy and bone marrow failure 
(BMF) present unique, complex management issues and frequently experience poor outcomes. 
We sought to understand the nature and scale of issues that patients with BMF face, prior 
to implementation of a comprehensive genetic and clinical care program. We describe the 
rationale, development, implementation and evaluation of this model of care (MoC) for patients 
with BMF.

Method
We performed a nationwide physician survey (n=74) as well as semi-structured interviews with 
patients with BMF and patient advocates (n=9) with the aim of objectively identifying barriers 
to care. Comprehensive review of current evidence and treatment guidelines was performed. 
Results informed development of a MoC that is currently under evaluation using a hybrid 
implementation-effectiveness study – The Evaluating Multidisciplinary Bone maRrow fAilure 
CarE (EMBRACE) study in Bone Marrow Failure and Related Disorders.   

Results 
Physicians indicated a desire for affordable access to genomic testing and assistance with 
cascade testing of relatives, result interpretation and management advice. Patients described 
encounters with medical staff unfamiliar with their disease, leading to anxiety and demonstrated 
a clear need for education both at initial presentation, in considering whether an underlying 
germline condition could be present and also following diagnosis, permitting disease-specific 
management. Other challenges elicited included widespread difficulty in accessing genetic 
counselling and fertility advice, as were difficulties in transitioning from paediatric to adult care. 

A MoC was subsequently developed which initially focuses on obtaining an accurate diagnosis 
with availability of genetic counselling and genomic testing followed by formally documented 
diagnostic formulations and management meetings involving referring clinicians.  Disease 
specific management plans are determined, including suggestions for clonal evolution 
monitoring, surveillance for solid tumours and opportunity for further case discussion upon 
change in clinical state. This MoC is undergoing evaluation to determine both patient and 
clinician acceptability and compliance with recommendations.  

Conclusion
We have developed an evidence-based MoC for the complex management needs of patients 
with BMF. This MoC will undergo iterative refinement as a result of continuous evaluation in 
order to provide optimum care. 



Dr Annette Swift
Adolescent diagnosis of Radioulnar Synostosis 
with Amegakaryocytic thrombocytopenia due to 
heterozygous mutation in MECOM gene, rescued by 
haematopoietic somatic reversion

Author(s) / Affiliations
Annette Swift, Queensland Children’s Hospital 
Pasquale Barbaro, Queensland Children’s Hospital

Method and Results
A 6 year old male (2005) first presented to our service with a constellation of symptoms but no 
overarching diagnosis. He had a history of severe neonatal thrombocytopenia (platelet count 
nadir of 8 x 109/L), attributed to Neonatal Alloimmune Thrombocytopenia, which resolved 
during his first year old life. He was found to have several bony dysplasia’s, skin and nail changes 
and dysmorphic features, as well as mild developmental delay and learning difficulties. He had 
mild pancytopenia which was further investigated for a possible bone marrow failure disorder. 
His bone marrow was mildly hypocellular, without dysplasia or blast infiltrate. He had mildly 
short telomere length and a microarray which discovered maternal isodiosomy of chromosome 
3, however all other screening tests were non-diagnostic

His pancytopenia was static on follow up, however annual surveillance bone marrows showing a 
hypocellular marrow. Surveillance bone marrow biopsy in March 2018 showed monosomy 20 in 
16% of cells examined.

Acquired bone marrow failure gene panel done through Peter McCallum Cancer Institute 
in Victoria, initially did not identify a variant. Further in-depth analysis using whole exome 
sequencing found a variant in the MECOM in a very small number of reads (5%). Further genetic 
testing using buccal cells confirmed a heterozygous MECOM variant. His parents are both wild 
type providing evidence of a de novo mutation. 

Conclusion
This case highlights hematopoietic rescue through somatic reversion in a patient with MECOM 
association disease. 
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Dr Eliska Furlong
New dimension in clinical decision making when managing 
paediatric patients with severe aplastic anaemia (sAA) 
in the era of next generation sequencing (NGS)

Furlong E, Mironova D, Beilby J, North E, Azmanov D, Carter T

Background
sAA is a rare condition that continues to pose diagnostic and prognostic challenges despite 
recent advances in understanding of the underlying pathophysiology and improved treatment 
strategies including hematopoietic stem cell transplantation (HSCT). Modern molecular and 
genetic techniques including NGS have become a powerful research and diagnostic tool, albeit 
at a cost of increased complexity of clinical decision making regarding prognosis and choice of 
treatment for individual patients.  

Method
Based on an extensive literature search considering the heterogeneity of sAA and closely 
related conditions such as myelodysplastic syndrome (MDS), clonal disease ranging between 
Paroxysmal nocturnal haemoglobinuria (PNH) and acute myeloid leukaemia (AML), inherited 
bone marrow syndromes (IBMFS), and inherited and acquired immune dysregulation syndromes; 
a comprehensive diagnostic algorithm including an NGS panel reflecting of the diversity of 
known genetic abnormalities clinically presenting  as sAA has recently been developed at our 
institution. 

Results
We have since identified a germline MECOM mutation in a 9 month old female patient 
presenting with profound anaemia and amegakaryocytic thrombocytopenia. Interestingly, 
radioulnar synostosis (RUS) or other clinical features were not present, confirming that RUS is 
not mandatory for the MECOM-associated phenotypic spectrum and demonstrating the utility 
of untargeted IBMFS panel testing. The tendency to progress to pancytopenia and possible 
malignant transformation suggest HSCT being the preferred choice of treatment. Nonetheless, 
the lack of a suitable HSCT donor, the rarity of the condition and a relatively good quality of 
life in this patient with a good response to thrombopoietin analog romiplostim highlight the 
difficulty in clinical decision making when managing such patients. 

Conclusion
sAA remains a challenging condition to diagnose and manage. Recent advances in molecular 
biology techniques have resulted in better understanding and precision diagnosis of the disease, 
although frequently raising prognostic and treatment dilemmas in this rapidly evolving field 
involving rare diseases. 
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Professor Hamish Scott
A remarkable family history of thrombocytopenia and 
bone marrow failure without radioulnar synostosis 
caused by a truncating germline mutation in MECOM.

Author(s) / Affiliations
Lesley Rawlings1, Cassandra Vakulin1, Lucas Dejong1, Rema Fathi1, Anna L. Brown1, Simon 
McRae2, Nicholas Myles2, Devendra Hiwase2, Yvonne Brennan2, Hamish S. Scott1

Department of Genetics and Molecular Pathology, SA Pathology,  
PO Box 14, Rundle Mall, SA, 5000

Department of Haematology, SA Pathology and Royal Adelaide Hospital

Background 
A patient presented clinically with a deteriorating blood and marrow phenotype that would 
potentially need a bone marrow transplant. 

Method and results 
The proband was a 54 year old male (1966) with pancytopenia presenting most recently (1/3/21) 
as mild anemia (Hb 110 g/L, MCV 103.5 fL), moderate neutropenia (WCC 2.14 x 109/L, ANC 0.94 
x 109/L) and marked thrombocytopenia (platelets 23 x 109/L). A recent bone marrow biopsy 
(01/03/21) showed normocellular particles and trails, active normoblastic erythropoiesis, active 
granulopoiesis with normal maturation and normal morphology, but very few megakaryocytes. 
A trephine of 8mm was assessed at two levels: cellularity was low-normal at 20-30% overall. 
Normal trilineage haematopoiesis was represented. Plasma cells were prominent but there were 
few megakaryocytes, albeit with normal morphology. There was a fine reticulin fibre network 
through majority of the trephine without coarse fibres (grade 2/4). The karyotype was 46 XY 
with no clonal abnormality detected. Thus the patient has a BMF secondary to amegakaryocytic 
thrombocytopenia. 

The patient had been diagnosed at birth with thrombocytopenia and showed spontaneous 
improved by 12 months of age. Recurrent knee haemarthroses were reported in the patient as a 
child and they were referred to haematologists again in 1977 with pancytopenia. Bone marrow 
biopsies in 1977 and 1978 were consistent with Aplastic Anemia. From 1981-1986 the patient was 
treated with oxymethalone and prednisolone which was ceased due to lack of efficacy. For the 
next several decades, his main issues were moderate to severe thrombocytopenia. He was also 
persistently macrocytic (although not anaemic), and mildly neutropenic. He developed HLA 
antibodies from previous platelet transfusions necessitating HLA-matched platelets.

His family history was remarkable with up to 4 other possible affected family members. The 
father had thrombocytopenia and died from an ischaemic stroke at age 65, while the mother 
is 94yo and well. They had a stillborn brother, another brother that reportedly died at age 8 
from aplastic anaemia with pneumonia while being treated with bactrim and his 64 year old 
sister has mildly abnormal CBEs. The sister had a bone marrow biopsy in 2016 at age 59 for 
mild, intermittent thrombocytopenia (platelet nadir 138 x 109/L) and neutropenia (neutrophil 
nadir 1.30 x 109/L) reported as 10-15% cellularity. Most recent blood tests on 3/2/20 were in the 
normal range with platelets at 150 and neutrophils 1.96. 

Conclusion
Molecular testing of a comprehensive bone marrow failure panel using DNA derived from the 
probands hair follicles and the sisters blood detected a likely pathogenic (PVS1, PM2) truncating 
mutation in the MECOM gene (NM_004991.3) c.816dupT resulting in p.(Pro273Serfs*2), likely 
inherited from the father, which responsible is for the familial thrombocytopenia and bone 
marrow failure. This early truncating mutation in the first Zinc finger of this 1239 amino acid 
Histone-lysine N-methyltransferase is likely a complete loss of functional allele. MECOM 
mutations that cause thrombocytopenia and bone marrow failure with radioulnar synostosis 
described to date are missense mutations in the second c-terminal zinc finger. Curiously, 
independent (de novo) occurrences of the same missense mutations have been described 
both with and without radioulnar synostosis. Also curiously, stillbirth seems to be a feature of 
MECOM with postmortem analysis of several fetuses in affected families showing hypocellular 
BM. Most patients described to date have required transplants at relatively young ages with the 
father, proband and sister in this family being among the mildest and oldest mutant MECOM 
patients described to date. Longitudinal studies to look at potential somatic reversion resulting 
in “spontaneous remissions” or ameliorating the thrombocytopenia are likely.
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Dr Rachel Koldej
High multiplex spatial immune microenvironment 
analysis in Bone Marrow Failure Syndromes

Author(s) / Affiliations
Dr Rachel Koldej, Royal Melbourne Hospital 
Prof David Ritchie, Royal Melbourne Hospital

Background:
One of the major hurdles of scientific research into Bone Marrow Failure Syndromes (BMFS) is 
a lack of high quality amenable samples. Of particular difficulty to collect is diagnostic BM as 
at the time a patient undergoes a BM biopsy procedure, diagnosis of a BMFS is one of multiple 
possibilities being investigated and cryopreserved diagnostic samples for translational research 
are rarely stored. In contrast, fixed archival BM trephine sections are available from patients 
at all stages of disease including diagnosis, however they are not amenable for high multiplex 
analysis using current techniques

Method 
NanoString GeoMX Digital Spatial Profiling (DSP) is a new technique developed for the analysis 
of FFPE tissue samples which allows high multiplex analysis of protein expression in multiple 
user defined regions within a tissue section. 

Results
In a world-first study, our laboratory has shown that DSP can be used to analyse protein 
expression in archival BM trephine samples at 60+ plex facilitating new studies into the immune 
microenvironment in BMFS. These studies are now being extended to the analysis of samples 
from patients with Aplastic Anaemia, Myelodysplasia and Poor Graft Function post allogeneic 
Bone Marrow Transplant.

Conclusion
DSP allows, for the first time, the analysis of BM trephines from patients that have been sitting 
in pathology departments unused for many years, opening up the possibility of studying the 
immune microenvironment of rare diseases (including BMFS) at high multiplex in large sample 
sets with high statistical power. This presentation will summarise our work to date and also 
highlight the wider potential of DSP in BMFS research.

Author(s) / Affiliations
Dr Ashvind Prabahran1,2,3, Dr Rachel Koldej2,3, Dr Lynette Chee1,2,3, Professor David Ritchie1,2,3

1. Department of Clinical Haematology and Bone Marrow Transplant Service, Peter MacCallum Cancer Centre, Royal 
Melbourne Hospital Parkville, Victoria

2. ACRF Laboratory, Royal Melbourne Hospital, Parkville, Victoria
3. The University of Melbourne, Parkville, Victoria 

Background
Poor graft function (PGF) defined as multi-lineage cytopenias in the setting of complete donor 
chimerism complicates 10% of allogeneic transplants.  Preliminary investigations suggest 
similarities between the underlying pathophysiology of PGF and acquired idiopathic aplastic 
anaemia. Digital spatial profiling (DSP) is a novel method of high resolution tissue analysis and 
has not been applied to bone marrow trephines affected by PGF.   
We performed a cohort study assessing clinical risk factors associated with the development 
of PGF combined with the application of DSP to PGF trephines to investigate the immunology of 
PGF. 

Method 
PGF was defined as a 30-day duration of two or more lineage cytopenias: Hb <90g/l, Neutrophils 
≤1.0x109 /L and Platelets <100x109/L. A binomial regression was performed to assess for 
risk factors for the development of PGF. In a pilot study of DSP, three patients with PGF and 3 
matched patients with good graft function (GGF) were selected for analysis. Trephines were 
taken at time of PGF with GGF controls selected for similar time points. A standard Nanostring™ 
immunology panel was applied to the bone marrow trephines. 

Results 
From 2000-2016, 106 of 819 (13%) of alloSCT patients at our centre fulfilled PGF criteria. PGF 
occurred at a median of 60 days (60-349 days). Underlying myeloproliferative neoplasm, non-
sibling donor, positive blood cultures, ICU admission within 30 days of transplant, acute graft 
vs host disease, CMV and non CMV viral infections were all significantly associated with PGF.  By 
DSP analysis, PGF versus GGF trephines demonstrated increased T-cell and monocyte infiltration 
and higher expression of immune activating molecules (CD25, GranzymeB) and exhaustion 
molecules (LAG3, TIM3) with lower expression of the checkpoint inhibitors CTLA-4 and VISTA.

Conclusion
Clinical risk factors for the development of PGF in conjunction with the initial DSP analysis 
suggests that early immunological activation post alloSCT results in sustained immune-
mediated suppression of haematopoiesis.

Dr Ashvind Prabahran
The Immunologic basis to Poor Graft Function 
post allogeneic transplantation. 
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Dr Kirsten Fairfax
Single cell eQTL mapping identifies cell-type 
specific control of autoimmune disease

Author(s) / Affiliations
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Grace Gordon3, Chun Jimmie Ye3, Alex W. Hewitt1, Joseph E. Powell2

1. Menzies Institute for Medical Research, University of Tasmania, Australia
2. Garvan-Weizmann Centre for Cellular Genomics, Garvan Institute of Medical Research, Australia
3. Division of Rheumatology, Department of Medicine, University of California, USA

Background 
We have established a healthy immune cell resource at single-cell resolution to prioritise 
disease-associated variants in functional studies. This single-cell study enables us to gain a 
greater understanding of the genetic effects that are at play in each specific cell type within 
the blood and leads to a greater understanding of how genetic variants lead to differential 
regulation of genes that are critical to immune function.

Method 
We used single cell RNA sequence data generated from peripheral blood mononuclear cells 
using 10x Genomics Chromium Chips, and performed high-density SNP-typing using the Illumina 
Infinium Global Screening Array. After using bespoke classification software (scPred) to cluster 
our cells types, we performed conditional cis-eQTL analysis on 14 cell types in 1,267,768 immune 
cells from 982 healthy human subjects.

Results 
We identified 25,606 independent cis-eQTLs for 5,568 genes across the 14 immune cell types. 
We show that the majority of these eQTL are unique to an individual cell-type; however, eQTL 
shared across a given hematopoietic lineage are also identified. Across different cell types we 
demonstrate that GWAS variants for SAA are enriched for cell-type specific eQTLs. 

Conclusion 
Single cell eQTL mapping has enabled us to identify new eQTL that would not have been found 
in bulk analyses. By overlaying the eQTL we have identified with previously identified GWAS hits 
for autoimmune diseases, such as SAA, we can understand the mechanisms of cell-type specific 
control of gene expression for these loci implicated in autoimmune disease pathogenesis.

Author(s) / Affiliations 
Weatherall Institute for Molecular Medicine Oxford University

Background 
We study endogenous DNA damage and its impact on the function of vertebrate stem cells and 
the ageing process. Our recent work has shown that metabolism releases reactive aldehydes 
that are a potent source of such endogenous DNA damage. Mammals are protected against 
these genotoxic metabolites by first eliminating them through oxidising enzymes, and secondly 
by repairing the DNA damage they cause.

Method 
Murine genetic models

Results 
Published in several pages from my lab: 
https://www.rdm.ox.ac.uk/people/kj-patel 

Conclusion
Endogenous formaldehyde form basic metabolic processes damages the DNA of blood stem 
cells causing their death and also mutating their genomes. 

Professor Ketan Patel
Two-tier protection and the metabolic  
origin of bone marrow failure

https://www.rdm.ox.ac.uk/people/kj-patel
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Professor Neal Young
Title Immunosuppression Combined with Stem Cell 
Stimulation: Clinical Outcomes and Biological Insights

Author(s) / Affiliations 
Neal S. Young MD, Hematology Branch, National Heart, Lung, and Blood Institute, NIH

Method 
Almost 200 severe aplastic anemia patients have been treated in the NIH Clinical Center with 
a regimen of horse anti-thymocyte globulin (hATG), cyclosporine (CsA), and eltrombopag on 
investigator-initiated prospective trial. In the first protocol, which resulted in FDA approval of 
the combined biologic and drugs, eltrombopag administration was varied among three cohorts; 
in the subsequent extension trial and sample collection protocol, the arm with maximum 
eltrombopag dosing, from day 0 to 6 months, was adopted. CsA in early patients in the initial 
protocol was discontinued at 6 mos, and thereafter continued at low dose maintenance for 
another 18 mos. Long-term follow-up is 4 years. Patients are monitored with NIH clinic visits and 
bone marrow examinations at 3 months, 6 mos, 1 year, and then annually for a total of 5 years.

Results 
Overall hematologic response in all patients was 80%, with 40% complete response, as in 
our original report.  The cumulative relapse rate was 43% in patients with response at 6 mos. 
Clonal evolution occurred at a rate of 15% in all treated patients. Relapse occurred at distinct 
timepoints: after cyclosporine dose reduction and eltrombopag discontinuation at 6 mos and 
after 2 yrs, when cyclosporine maintenance was discontinued. Most patients were successfully 
re-treated with therapeutic doses of CsA +/- eltrombopag, two-thirds responding. High risk 
clonal evolution to a myeloid malignancy or chromosome 7 abnormality occurred in 5.7% of 
patients and conferred a poorer overall survival. While the presence of somatic mutations 
pre-treatment were not associated with clonal evolution, at evolution somatic mutations were 
present more frequently in patients with high-risk compared to low-risk evolution. Neither 
relapse nor evolution was more frequent after immunosuppression combined with eltrombopag 
than in historic controls who received only hATG and CsA. Older age at diagnosis of aplastic 
anemia is a predictor for both relapse and clonal evolution. Eltrombopag is implicated in clonal 
evolution when employed as monotherapy of refractory patients due to temporal relationship 
with drug administration. Conversely, eltrombopag therapy of moderate aplastic anemia 
does not elicit clonal evolution. Important inferences can be made from responsiveness to a 
thrombopoietin mimetic in bone marrow failure, concerning the residual pool of hematopoietic 
stem and progenitor cells, the role of interferon and other pro-inflammatory cytokines in 
suppression of hematopoiesis, and chronic stimulation of the stem cell compartment by 
endogenous thromobopoietin.

Conclusion 
The combination of immunosuppression and eltrombopag is effective in severe aplastic anemia, 
especially in speeding hematopoietic recovery and achieving better blood counts early after 
presentation. Relapse is frequent, but provides an opportunity for intervention with tolerizing 
drug strategies to eliminate pathogenic cytotoxic T cell clones. Evolution is problematic and may 
be driven predominantly by stress within a limited stem cell pool and telomere attrition rather 
than somatic mutations.

Author(s) / Affiliations        
A/Professor Stephen Ting, Eastern Health & Monash University                                                        
Professor Erica Wood, Monash Medical Centre & Monash University                                             
A/Professor Zoe McQuilten, Monash Medical Centre & Monash University                                                       
Dr Lucy Fox, Peter MacCallum Cancer Centre & Monash University                                                      
Neil Waters, DiAAMOND Trial, Monash University                                                                                                     
Vanessa Fox, DiAAMOND Trial, Monash University

Background 
In the absence of a curative allogeneic transplant, the treatment for severe aplastic anemia 
(SAA) patients is immunosuppressive therapy (IST) with broadly, 60-70% response and 30% 
relapse rate. Recently, the addition of thrombopoietin-mimetics (Tpo-m) either alone or with 
IST in both relapse and first-line treatments has improved clinical responses. Thus far, without 
evidence of increased acquired clonal evolution (ACE). We are investigating the efficacy and 
safety of the Tpo-m, Avatrombopag in treatment naïve and relapsed/refractory (R/R) adult SAA.

Method 
Using participating hospitals of the Australian Aplastic Anemia Registry and related database 
as a foundation, we have used a Bayesian adaptive statistical model in a phase 2 clinical trial 
of Avatrombopag plus IST in first line (DiAAMOND-FIRST) and Avatrombopag plus or minus 
IST in R/R (DiAAMOND-NEXT) SAA patients. IST is dosed as per respective haematology units 
guidelines with Avatrombopag prescribed from days 1 to 180 (fixed total duration of six months). 
Clinical response and ACE is primarily assessed at six months.

Results 
Twelve Australian sites have registered for the DiAAMOND trials with all but one site having 
enrolled at least one patient. Recruitment commenced in October 2019 with mid-April, 2021 the 
censure date. Twenty-one DiAAMOND-FIRST (age 22-78, mean 54 yo) and thirteen DiAAMOND-
NEXT (age 19-71, mean 49 yo) SAA patients have enrolled with two screen fails – one MDS, the 
other moderate AA patients.  In general, the study drug has been well tolerated. The first cohort 
of 10 DiAAMOND-FIRST patients will soon have a primary end-point six month statistical efficacy 
and safety analysis performed. 

Conclusion 
We have successfully commenced a national trial of the Tpo-m drug, avatrombopag for sAA 
patients. Recruitment and adaptive statistical analyses are ongoing.

Associate Professor 
Stephen Ting
Title: Diagnosis of Aplastic Anaemia, Management and 
Outcomes Utilising a National Dataset, the DIAAMOND 
study update
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Dr Lucy Fox
The Aplastic Anaemia and other Bone Marrow 
Failure Syndromes Registry – 2021 Update 

Author(s) / Affiliations
Lucy Fox, Transfusion Research Unit, Monash University on behalf of the Aplastic Anaemia and 
other Bone Marrow Failure Syndromes Registry Steering Committee 

Steering Committee members – Xavier Badoux, Ashish Bajel, Paddy Barbarbo, Merrole Cole-
Sinclair, Frank Firkin, Cecily Forsyth, Lucy Fox, Vanessa Fox, John Gibson, Devendra Hiwase, 
Anna Johnston, Zoe McQuilten, Anthony Mills, Stephen Opat, Fernando Roncolato, Stephen 
Ting, Jeff Szer, Neil Waters, Erica Wood, Daniela Zantomio 

Aim 
To describe the updates to and expansion of the Aplastic Anaemia and other Bone Marrow 
Failure Syndromes Registry (AAR), and associated projects.

Updates 
At April 2021, the AAR has 208 patients enrolled from 30 hospital sites nationally. The AAR 
aims to define the incidence, natural history and clinical outcomes of Australian patients with 
idiopathic aplastic anaemia and germline haematological diseases; this includes providing 
information on current, ‘real world’ therapeutic strategies employed and factors which influence 
clinical outcomes. In 2020, the registry name was extended to incorporate ‘other Bone Marrow 
Failure Syndromes’ to encourage enrolment of patients with traditional inherited bone marrow 
failures and also to permit enrolment of patients with novel germline BMF conditions. The 
latter group encompasses disease resulting from mutations in genes such as MECOM and 
SAMD9 and also closely related conditions captured by the recent WHO classification of 
germline predisposition to haematological malignancy including GATA2 deficiency syndrome. 
The rationale for this expanded scope includes similarities in presentation, diagnostic work up 
and several aspects of management. The AAR dataset and database, now using the REDCap 
platform, have been updated to accommodate these developments. The AAR is partnering with 
Biobanking Victoria and will serve as the repository for clinical data of patients who agree to 
provide samples to the newly-established Australian Marrow Failure Biobank. The DIAAMOND 
clinical trial evaluating use of avatrombopag in patients with newly diagnosed and relapsed/
refractory idiopathic aplastic anaemia is a registry-based trial, with 35 patients already enrolled 
concurrently in DIAAMOND and the AAR, further leveraging the national investment in the AAR. 

Conclusion
The AAR is a comprehensive user-friendly national database, recently updated to accommodate 
developments in understanding of germline BMF pathogenesis. The AAR is supporting both 
its first registry-based clinical trial and provides a repository for clinical data to accompany a 
national biobank. 

Author(s) / Affiliations:
Melissa C. Southey1,2,3, Helen Tsimiklis1, Jake Shortt1,4, Zoe McQuilten4,5, Neil 
Waters5, Vanessa Fox5, Erica Wood4,5.

1. School of Clinical Sciences at Monash Health, Monash University, Melbourne, Australia,
2. Melbourne Medical School, The University of Melbourne, Melbourne, Australia, 
3. Cancer Epidemiology Centre, Cancer Council Victoria, Melbourne, Australia,
4. Monash Haematology, Monash Health, Melbourne, Australia,
5. Public Health and Preventive Medicine, Monash University, Melbourne, Australia.

Reducing the burden of bone marrow failure syndromes requires research to identify new 
diagnostic and therapeutic strategies. As a rare disease, specialised efforts are required to 
ensure that basic research into bone marrow failure is not limited by lack of appropriate and 
representative biological materials. To address this issue, we have launched the Australian 
Marrow Failure Biobank at Biobanking Victoria.

Biobanking Victoria is a Monash University initiative supported by the Victorian State 
Government. Operating at international commercial standards, Biobanking Victoria offers 
researchers, clinical trials and industry partners, support with the collection, processing, 
storage and or analysis of biological material within a quality management system. The facility 
is housed in recently commissioned custom-designed facilities at Monash Health, that were 
developed by the Precision Medicine team in the School of Clinical Sciences in collaboration 
with RUCDR Infinite Biologics, New Jersey. 

Key to the strength of the Australian Marrow Failure Biobank is its alignment to the Aplastic 
Anaemia and other bone marrow failure syndromes Registry (AAR), also hosted at Monash 
University (School of Public Health and Preventive Medicine). Our experiences and those of our 
international colleagues demonstrate that clinical registries linked to biobanks (rather than 
either alone), have increased positive impacts on research into rare diseases as they provide the 
resources required for the effective translation of basic research into clinical practice. 

The resources of by the Australian Marrow Failure Biobank (biologicals and associated data) will 
be available to the research community under a Governance structure that provides equitable 
access to material for ethically approved and funded research. 

Professor Melissa Southey
The Australian Marrow Failure Biobank
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Professor Alison Bertuch
Telomeres and telomerase in health, aging and disease

Author(s) / Affiliations
Alison Bertuch, MD, PhD/ Baylor College of Medicine, Departments of 
Pediatrics, Hematology/Oncology and Molecular & Human Genetics and Texas Children’s 
Hospital Cancer and Hematology Centers, Bone Marrow Failure Clinic

Background  
Telomeres, the specialized structures at chromosome termini, play a crucial role in the 
maintenance of genome stability by protecting the natural ends of chromosomal DNA from 
being recognized as ends created by double-stranded DNA breaks. The length of telomeric 
DNA, however, decreases with each round of DNA replication, posing a threat to the telomere’s 
capacity to confer end protection over successive cell divisions. The reverse transcriptase 
telomerase can offset such losses, yet it is repressed in most somatic cells, resulting in 
progressive telomere shortening and senescence induction when telomeres reach a critically 
short length. Remarkably, the average length of telomeric DNA varies substantially in humans. 
Either extreme in telomere length can result in risk of disease, such as bone marrow failure 
when telomeres are very short or predisposition to certain cancers, such as papillary thyroid 
cancer, when telomeres are very long. Less clear is the extent to which telomere lengths 
within the lower or upper limits of normal range contribute to or are biomarkers of disease, a 
question that is the focus of a large body of research studies across a wide range of medical and 
psychiatric conditions. 

In her presentation, Dr. Bertuch will review the constituents of the telomere that confer the 
protection of chromosome ends and of telomerase, which maintains telomere length in germ 
and stem cell populations. She will describe studies of individuals and families with mutations 
in genes, such as TERT, PARN, ACD and TINF2, which have revealed novel insights into factors 
that govern telomere length maintenance. Lastly, she will critique the various methods available 
to measure telomere length in the clinic and in epidemiological and translational research and 
how these measurements have been used to study connections between telomere length and 
health outcomes. 

Author(s) / Affiliations
Ashley C. Yang, Mackenzie Labine-Romain, Leszek Lisowski, Karen L. MacKenzie, Tracy M. Bryan

Children’s Medical Research Institute, Westmead, NSW 2145, Australia

Background 
A subset of inherited bone marrow failure (BMF) syndromes is caused by mutations in genes 
that protect the ends of chromosomes (telomeres). In human stem cells, including those in 
the bone marrow, the enzyme telomerase maintains the integrity of telomeres. In patients with 
mutations in telomerase and other telomere-related proteins, telomeres become abnormally 
short, leading to BMF disorders known collectively as Telomere Biology Disorders (TBDs). 
Since telomere biology is very divergent between humans and mice, there are currently no 
clinically-relevant models readily available for the study of disease mechanisms in TBDs or for 
development of new treatments for these disorders.

Method 
We are establishing in vitro and in vivo models of telomere-related BMF syndromes in human 
haematopoietic stem and progenitor cells (HSPCs), using the latest developments in CRISPR-
Cas9 genome editing of human HSPCs. This will enable development of the first biologically-
relevant humanised mouse model of BMF syndromes involving telomerase genes. This model will 
be used for functional characterisation of novel mutations identified in TBD patients throughout 
Australia, and for fundamental research into TBD disease mechanisms and the involvement of 
telomerase components in human haematopoiesis. 

Results 
We have successfully introduced patient-derived mutations in the genes TERC and TERT 
into immortal K562 cells, using CRISPR-based editing techniques involving either homology-
directed repair1 or homology-independent targeted integration2, and a strategy of selection of 
successfully-edited clones with a fluorescent reporter gene1, and have achieved efficiencies of 
up to 50% of clones containing the knock-in allele. We will present our latest data comparing 
efficiency of different editing strategies in cord blood-derived HSPCs, and analysis of whether 
proper expression and processing of the gene products has been achieved (particularly for 
TERC, which encodes a non-coding RNA with a unique biogenesis pathway).

Conclusion
The outcome of this project will be a gene-editing strategy that can be used for demonstrating 
the effect of novel TBD-related mutations on HSPC proliferation and function in vitro, and on 
engraftment of human HSPCs into immunodeficient mice. This will facilitate the provision of 
accurate molecular diagnoses for families with mutations in telomere-related genes, and will 
form the basis of a potential gene therapy strategy. 

1. Bak RO, Dever DP, Porteus MH. CRISPR/Cas9 genome editing in human hematopoietic stem cells. Nat. Protoc. 
2018;13:358-376.

2. Suzuki K, Tsunekawa Y, Hernandez-Benitez R et al. In vivo genome editing via CRISPR/Cas9 mediated homology-
independent targeted integration. Nature 2016;540:144-149.

Professor Tracy Bryan
Modelling telomere-related bone marrow 
failure syndromes
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Dr Parvathy Venugopal
Modelling germline mutations to understand bone 
marrow failure and malignancy development

Author(s) / Affiliations 
Parvathy Venugopal (Centre for Cancer Biology, Adelaide), Claire Homan, Nur Hezrin Shahrin, 
Peter Brautigan, Juliana Teo, Leila Eshraghi, Jinghua Feng, David Lawrence, Peer Arts, Thuong 
Thi Ha, Amee George, Tracy Bryan, Andreas W Schreiber, Anna L Brown, Christopher N Hahn, 
Hamish S Scott

Background 
As a part of the Australian Familial Haematological Cancer Study (AFHCS), we have identified 
causal germline variants in several inherited bone marrow failure (BMF) disorders including 
novel single nucleotide variants, deletions and insertions in coding and intronic regions. 
The continued generation of cell and animal models to help define mechanisms of action of 
predicted or known pathogenic variants, and functional model systems for testing of variants of 
unknown significance is an integral part of our approach. Here we present examples of different 
aspects of this work.

Method and Results 
Firstly we present the case of a 12 year old Diamond Blackfan Anaemia (DBA) patient who was 
diagnosed with DBA shortly after birth and currently requires regular transfusions. Using whole 
genome sequencing (WGS), we have identified in RPS19 (known DBA gene) a deep intronic 
variant that is predicted to result in altered splicing of the mutant allele. RNAseq analysis 
confirmed that this de novo variant results in altered splicing potentially leading to a truncated 
protein and/or nonsense mediated decay of transcripts likely leading to haploinsufficiency of 
RPS19. This case highlights the importance of performing WGS with RNAseq to solve complex 
cases that are missed by whole exome or targeted panel sequencing.

Next we present animal models we have generated to help understand and define the 
mechanism inherited BMF and predisposition to haematopoietic malignancy. Our lab identified 
that heterozygous germline GATA2 mutations underlie an array of early onset complex 
hematopoietic and lymphatic diseases with an underlying predisposition to MDS/AML whereas 
DDX41 has been reported to have a later onset with a more variable presentation of BMF 
that has not been well characterised. We have used CRISPR-Cas9 technology to generate 
Gata2T354M and Ddx41M1I mice representing the most common germline mutations in both 
genes. Interestingly, in contrast to homozygous loss of GATA2 and DDX41M1I/M1I mice that 
result in embryonic lethality, we have successfully generated Gata2T354M homozygous mice 
though they are born at a less-than-expected ratio. Peripheral blood shows a marked reduction 
in lymphocytes and monocytes in Gata2T354M/T354M mice compared to wildtype littermates 
consistent with presentation of GATA2 associated BMF in patients. Furthermore, colony assays 
show a marked bias towards the granulocytic lineage and reduced macrophage differentiation 
to varying degrees in Gata2T354M/T354M and Gata2T354M/+mice. We are further investigating 
these mice, with particular emphasis on characterising haematopoiesis longitudinally, to better 
understand mechanisms of disease onset and progression.

Conclusion 
Such approaches to evaluate novel germline variants and uncover biological pathways affected 
in known germline pathogenic variants will provide insight facilitating advancement in disease 
progression, diagnosis, risk assessment, monitoring, personalised treatment and possibly even 
prevention strategies. 

Author(s) / Affiliations 
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Background 
Rare inherited bone marrow failure (iBMF) and cancer predisposition syndromes, caused by 
germline variants in known genes including RUNX1, GATA2 and DDX41, have been studied for 
decades, however challenges remain to improving outcomes for patients. These disorders 
are often difficult to identify due to limited syndromic features associated with heterozygous 
germline mutations in carriers, making recognition challenging without a detailed family history. 
Reported incidence of these cancer predispositions syndromes is likely to be substantially 
underestimated. Lack of identification and appropriate classification of variants, confounded 
by under-reporting is a significant challenge in our understanding of these syndromes. 
Considerable disease heterogeneity and small patient cohorts make it challenging to identify 
commonalities in disease course/outcomes. To help overcome these significant challenges, an 
international effort is required to collate and standardise disease-specific clinical and genomics 
data, accumulating enough data to make evidence-based clinical decisions.

Method/Results 
We have collated phenotypic and genetic information extracted from peer-reviewed literature, 
and an international survey of colleagues, generating standardised clinical resources for both 
germline RUNX1 and GATA2 syndromes, the most common causes of iBMF with predisposition 
to malignancy. Historically reported variants are largely not classified according to ACMG/AMP 
guidelines, we have created registries of RUNX1 and GATA2 germline variants which we have 
expertly-curated and classified according to ACMG/AMP gene-specific criteria. This includes 258 
RUNX1 probands/families and 164 unique germline RUNX1 variants and 343 GATA2 probands/
families and 175 unique germline GATA2 variants. This is the largest collection of curated and 
clinically classified RUNX1 and GATA2 germline variants. Utilising the collective wealth of 
Next-generation sequencing (NGS) data generated from international laboratories, we have 
collected 179 NGS datasets from RUNX1 germline individuals, including both pre-leukaemic(65) 
and malignancy(62) samples. All NGS was run through a standardised bioinformatic pipeline 
generating the largest germline RUNX1 genomics cohort. Interrogating this dataset as a 
single cohort we have identified somatic genetic signatures in pre-leukemic samples prior to 
progression to AML, including recurrent mutations in several clonal haematopoiesis genes 
including BCOR. Currently, we are collating NGS datasets from international collaborators 
creating large genomics cohorts for both germline GATA2 and DDX41. To standardize and make 
resources publicly available, we are developing gene-specific databases which include clinically 
classified germline variant registries, standardised and expertly-curated NGS data, and patient 
clinical information. We have created the RUNX1 database as a prototype (https://runx1db.
runx1-fpd.org/snpdb/index).

Dr Claire Homan
Collaborative international data aggregation and analysis 
for rare inherited BMF and Cancer Predisposition Syndromes 
caused by germline RUNX1, GATA2, and DDX41 mutations.
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Background 
Identifying causative genetic variants in inherited Bone Marrow Failure (BMF) patients including 
those with Severe Chronic Neutropenia (SCN) has clinical and diagnostic value. The low 
incidence of inherited BMF diseases, their occurrence in small human pedigrees, and the 
number of variants to consider are barriers to diagnostic precision. Animal models like zebrafish 
provide a valuable platform to functionally evaluate the importance of the candidate mutant 
genes and allelic variants in causing BMF.

Method 
Zebrafish orthologues for human BMF candidate genes were identified and assessed through 
comprehensive in silico analysis. A range of zebrafish disease modeling reverse genetic 
techniques have been used to generate functionally mimic candidate variant disease alleles 
to evaluate their capacity to cause BMF syndromes (morpholino antisense oligonucleotides, 
CRISPR/Cas 9 mutagenesis and homology directed repair (HDR)-mediated genome editing).

Results 
From genomic analysis of BMF pedigrees, gene X and Y arose as candidate genes. Gene X loss 
of function, and gene Y-specific splice blocking morpholino caused a neutropenic phenotype in 
crispant and morphant embryos respectively, providing evidence supporting these genes as new 
SCN candidate genes.

Rad51c is a known Fanconi anemia gene (FANCO). The known R258H disease allele was identified 
in an Australian patient (previously only paediatric cases were reported). We successfully used 
HDR-direct CRISPR/CAs9 gene editing to generate an exact zebrafish model that is also adult-
viable.

The negative regulator of JAK/STAT signalling SH2B3 is commonly included on BMF and myeloid 
gene panels, for its suspected role in perturbed haemopoiesis. We modelled a carboxyl 
truncation found in an Australian patient, resulting in a myeloproliferative phenotype in F0 
crispant zebrafish. Furthermore, ruxolitinib (a JAK inhibitor) ameliorated the myeloproliferative 
phenotype caused by sh2b3 loss of function, suggesting therapeutic potential of ruxolitinib for 
treatment of patients with sh2b3 mutations.

Conclusion 
These examples demonstrate the utility of zebrafish disease models to assess functional 
consequences of human BMF disease gene variants, and to assess candidacy of new BMF 
disease gene candidates.

Conclusion 
Aggregation of families, individuals, and disease stages into a centralised database where all 
data undergo rigorous quality control will aid in the exploration and discovery of the molecular 
progression of these disorders. We envision that with continued accumulation of data and 
clinical information, these types of gene-specific cohorts can provide the basis to develop 
evidence-based clinical decisions such as when to watch and wait, and when to apply more 
aggressive therapies such as stem cell transplant.
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Aim 
To determine the efficacy of the oral CXCR4 antagonist Mavorixafor for correcting severe 
neutropenia and defective immunological function in patients with WHIM syndrome. 

Background 
Precursors of neutrophils and lymphocytes normally attach by CXCR4 to CXCL12 on stromal 
cells while undergoing proliferation and differentiation. A conformational change that occurs in 
the CXCR4 active site at maturation releases the cells from CXCL12 which then migrate into the 
circulation.  This conformational change does not occur In WHIM syndrome due to a mutation in 
the CXCR4 gene and prevents release of mature leukocytes to cause severe chronic neutropenia 
and immunodeficiency. Mavorixafor is a competitive inhibitor of CXCR4 that has the potential 
to release the abnormally attached mature myeloid and lymphoid cells from CXCL12 in WHIM 
syndrome patients. 

Methods 
A phase 2 open-label-dose escalation and extension phase study was initiated in Seattle and 
Melbourne to assess safety, tolerability, pharmacokinetics and clinical efficacy of Mavorixafor in 
adults with genetically proven WHIM syndrome and neutrophil counts <0.5x109/L Mavorixafor 
was administered as single daily doses commencing at 50 mg, increasing in 50 mg increments 
until a clinically relevant increase in leukocyte counts was achieved. 

Results  
Neutrophil counts rose from a mean of 0.4x109/L to peak levels as high as 1.5x109/L four hours 
after 300 or 400 mg of Mavorixafor, then remained >0.5x109/L for 12.6 hours. Mean infection 
rate declined significantly from 4.53 to 2.27 events per annum during ongoing treatment, and 
contrary to pre-treatment experience, there were no hospitalisations for sepsis.  HPV associated 
warts decreased by 75%. 

Conclusion 
Mavorixafor is a conveniently administered oral agent that at 300-400 mg per day mobilises 
neutrophils in adults with WHIM syndrome and provides sustained clinical benefit that radically 
improves quality of life in this dominantly inherited genetic disorder, typically characterized by 
severe bacterial infections and HPV associated warts. 

Professor Frank Firkin
Determining the efficacy of the oral CXCR4 
antagonist Mavorixafor for correcting severe 
neutropenia and defective immunological 
function in patients with WHIM syndrome

Professor Andrew Elefanty
Modelling bone marrow failure with  
induced pluripotent stem cells
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Background
Bone marrow failure (BMF) is characterized by a failure of the bone marrow to produce sufficient 
numbers of healthy blood cells. A heterogenous group of haematological disorders which can 
be either inherited or acquired, it is frequently manifested in children or young adults. Most 
acquired bone marrow failures are thought to be caused by immune-mediated attack directed 
against haematopoietic stem and progenitor cells in the bone marrow. However, impaired stem 
cell function has been observed in patients after treatment with immunosuppressive therapies, 
raising the possibility of intrinsic haematopoietic defects. 

Methods
We compared the haematopoietic potential of induced pluripotent stem cells (iPSCs) 
derived from patients with bone marrow failure with iPSCs derived from parental controls. 
We characterized differentiation by flow cytometry, clonogenic assays and gene expression. 
In experiments to be completed, we are comparing whole genome sequences of patient and 
parent lines to determine the presence of underlying mutations.

Results
Patient and parent cell lines differentiated similarly. They showed correct mesoderm patterning, 
endothelial differentiation and formation of immature blood cells. Analysis of patient and parent 
cell lines showed similar expression of genes marking the different stages of differentiation. 
Upregulation of HOXA cluster expression confirmed that the cells were correctly patterned to 
give rise to intra embryonic type haematopoiesis. We also observed a similar capacity to form 
erythroid and myeloid colonies in methylcellulose in comparison to their respective controls. 

Conclusions
Patient-derived iPSCs displayed a similar capacity to differentiate to haematopoietic cells 
as their parent-derived controls. In our limited study, there was no intrinsic haematopoietic 
differentiation defect in iPSCs from patients with acquired bone marrow failure. Stem cell 
defects detected in previous studies may be due to the primary immunological insult on 
the haematopoietic stem cells or even unintended consequences from immunosuppressive 
therapies. Further dissecting out this process will be essential for developing therapeutic 
options that give better clinical outcomes for patients with acquired bone marrow failure.
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Background 
All blood cells have a finite life span, and haematopoiesis is a precise balance of self-renewal 
and differentiation of haematopoietic stem cells. Haematopoietic stem cells are a rare 
population of cells and the only haematopoietic cells that are able to self-renew, but they are 
also able to generate the one trillion blood cells that develop within an adult bone marrow each 
day. The disruption of this process results in various blood disorders including cancer. However, 
the molecular mechanism, such as the epigenetic and transcriptional programs, that govern the 
critical decisions of self-renewal and differentiation are not well understood.

Polycomb (PcG) groups of proteins are evolutionarily conserved epigenetic modifiers that 
can control transcriptional repression and activation, respectively, of key genes in cellular 
differentiation and development. PcG protein complexes comprise of core groups of proteins, 
some of which have 5 to 6 different members, as well as facultative proteins. Consequently it 
has been estimated that over 180 distinct PcG complexes exists, each thought to have distinct 
functional roles.

Method 
We used in silico methods on RNA-Seq data to reconstruct the major PcG complexes that 
dominate each main stage of haematopoietic development. Using a combination of expression 
profiling, clustering and rank based methods of ten different haematopoietic cell types, we 
identified the main PcG complexes in haematopoietic stem cells, committed progenitors and 
terminally differentiated bloods cells. 

Results:
Our in silico approach confirmed published experimental data demonstrating the importance of 
key PcG complexes involved in self renewal and cell fate determination during haematopoiesis. 
We identified specific PcG gene expression patterns in different stem cells as well as in cells 
of different haematopoietic lineages. We further validated our findings by analysing barcoded 
single cell RNA-Seq datasets of haematopoietic cells.

Conclusion
Our data provides a detailed insight into how certain epigenetic complexes influence cell fate 
determination and stem cell self renewal, and may provide valuable information to develop 
future therapies to alter these complexes and direct cell differentiation to cater for specific 
cytopenias.

Dr Yih-Chih Chan
Identification of epigenetic complexes 
driving haematopoiesis

Associate Professor 
Andrew Deans
Development of tools for precise gene 
editing in bone marrow
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Background 
Inherited bone marrow failure syndromes are debilitating diseases, where the bone marrow 
is no longer able to support the generation of stem cells required to produce red blood cells, 
platelets or white blood cells. Despite the identification of causative gene mutations in these 
conditions, the only available treatment is bone marrow transplant from a healthy donor. But 
transplant has common and severe complications due to transplant-related toxicity and lack of 
suitable donors. An alternative near-future approach is gene editing technology. 

Prime Editing is a newly conceived gene editing technology that uses Cas9 fused to reverse 
transcriptase (RT) 7. Cleverly, the gRNA used to program Cas9 DNA targeting and cleavage is 
coupled directly to sequences that are reverse transcribed into the template necessary for 
repair. However, the full potential of this technology remains to be unlocked, with limitations 
to target site selection and delivery into clinically relevant primary cell types due to the large 
size of the Prime Editor protein. We address these challenges through the development of 
novel Cas9/reverse transcriptase combinations for expanded targeting capacity and innovative 
strategies for delivery of prime editors into mouse and human primary bone marrow cells.

Method 
We have generated a series of new Prime Editing tools that expand the range of sequences 
which can be corrected, and allow more efficient delivery into cells. 

Results 
Using novel Prime Editors and delivery methods we can achieve a remarkable 92% gene editing 
of a reporter gene in a cell line model. We are currently adapting this technology to find the best 
strategy for application of Prime Editing in bone marrow stem cells. We will present data using a 
point mutant mouse model of Fanconi Anemia and human CD34+ stem cells.

Conclusion 
Gene editing holds the exciting possibility of correcting the underlying predisposition mutation 
in inherited bone marrow failure syndromes, to mitigate the morbidity and mortality associated 
with allogeneic transplant, and restore normal blood production.
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Background 
Fanconi anemia is a DNA repair syndrome characterized by congenital abnormalities, cancer 
predisposition and a marked reduction in HSCs starting in early infancy. Gene therapy has 
emerged as a promising strategy to correct the bone marrow failure (BMF) characteristic of this 
disease by means of the collection, lentiviral transduction, and subsequent infusion of gene-
corrected autologous HSCs. 

Results
In 2016 we started a phase I/II lentiviral vector gene therapy trial, focused on the mobilization 
of CD34+ cells from FA-A patients using a combination of filgrastim and plerixafor and infusion 
of the corrected cells in patients not pretreated with any conditioning. The results obtained in 
the eight evaluable patients showed progressive engraftment of corrected cells in most of the 
treated patients. Additionally, levels of engraftment correlated with the phenotypic correction 
of PB T cells and BM progenitors, as confirmed by progressive increases in the resistance to 
DNA-damaging agents. Patients with high levels of engraftment in early stages of BMF showed 
stabilization/reversion of their hematologic disease.

Thanks to the remarkable proliferative advantage of corrected FA HSCs, we also explored the 
use of gene editing approaches for the correction of HSCs from FA patients. Because homology 
directed repair is impaired in FA we aimed at exploiting the non-homologous end joining (NHEJ) 
mechanism to remove/compensate specific mutations in FA genes by the use of a CRISPR/Cas9 
system, and more recently by the prime editing system. NHEJ-mediated editing induced an in 
vitro proliferative advantage and phenotypic correction of FA HSPCs and demonstrated to be an 
efficient strategy to correct HSCs with mutations in different FA genes. Recent results using the 
prime editing approach have also demonstrated the feasibility of correction of hematopoietic 
lymphoblastic cell lines from FA-A patients using this DSB-free method. 

Conclusion
Altogether, our results open new perspectives for the prevention of BMF in FA patients using 
lentiviral vectors and promising gene editing strategies.

Dr Paula Río
Gene therapy strategies to correct hematopoietic 
stem cells from Fanconi anemia patients
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