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We have a chance to improve the lives of not 

just millions, but billions of people on this 

planet […]. But it’s going to require a serious 

effort, a sustained effort. And it’s going to 

require us as a country to embody and embrace 

that spirit of discovery that is what made 

America, America
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RESEARCH 
ROUNDTABLE

The year 2014 saw a plethora 

of world changing events; 

most notably the Ebola 

outbreak taking centre 

stage on the global health 

agenda. In this edition’s 

roundtable discussion, 

International Innovation 

asks featured researchers 

and leading healthcare 

experts their opinions on the 

successes of 2014 and the 

consequences for the future 

of their respective fi elds

Taking a look back over 2014, what do you consider the greatest achievements to 

have emanated from your fi eld? What do you expect the major implications for your 

research to be in 2015 and beyond as a result?

Much of our recent work defi ning the 

structural changes caused to neurons by 

radiation and chemotherapy have provided 

compelling mechanistic evidence for 

how these destructive agents damage 

the brain, impairing cognition. Research 

moving forward will have to account for 

these observations, and pharmacologic and 

stem cell based strategies will need to be 

developed further to protect host neuronal 

structure. Such efforts hold promise for 

preserving cognitive health and improving 

the quality of life of those subjected to 

ionising radiation and/or chemotherapy.

In 2014, the advances in genomics, 

transcriptomics and proteomics have 

enabled discoveries about platelet 

physiology heretofore not possible.

From 2015 onwards, I expect our research 

to defi ne more genes and gene variants 

responsible for inter-individual variation 

in platelet function and identify new 

antiplatelet agents that will benefi t 

patients regardless of race or ethnicity.

PROFESSOR CHARLES LIMOLI 
(University of California, Irvine, USA):

DR PAUL BRAY
(Thomas Jefferson University Hospital, USA):
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The Ebola outbreak in 2014 has heightened 

people’s awareness of the importance of the 

immune system in protection from harmful 

microbes, and the continuing benefi ts of 

developing new vaccines and therapies. It 

is sometimes easy to become complacent 

about and forget the many advances that 

have been made in human health, as well as 

the numerous challenges that still remain. 

Luckily for some, but regrettably not for 

all of those infected, there had been major 

investments made towards understanding 

Ebola pathogenesis and treatment since 

it was fi rst discovered. The epidemic has 

reminded many that in our ever-changing 

world there are still threats to be overcome 

and that efforts today can make a world of 

difference in the future. There is clearly a need 

to keep thinking about and supporting the 

development of effective treatments not only 

against Ebola, but for many other infectious 

and non-infectious diseases. I hope that the 

outcome with respect to our research will be 

a wider realisation that there are still many 

aspects of the immune system and its role 

in protecting human health that are yet to be 

discovered. Increased funding for immunology 

and medical research is a great investment!

The benefi ts of intravenous tissue 

plasminogen activator (tPA) in patients 

with acute ischaemic stroke are time-

dependent, and guidelines recommend a 

door-to-needle (DTN) time of 60 minutes or 

less. However, studies have found that less 

than 30 per cent of US patients are treated 

within this window. Evidence also suggests 

disparities in timely treatment in patients 

who are older, African-American or female. 

Target: Stroke – an initiative launched by 

the American Heart Association/American 

Stroke Association (AHA/ASA) in early 

2010 as an extension of the Get With The 

Guidelines®-Stroke programme – is focused 

on improving acute ischaemic stroke care 

by reducing DTN times for eligible patients 

being treated with tPA. A recent study on 

Target: Stroke (Fonarow et al., Journal of 
the American Medical Association, 2014, 311, 

1632-1640) indicated the positive impacts 

of the initiative: 1) participating hospitals 

dropped average DTN times from 74 to 

59 minutes – a 15 minute improvement; 

2) overall, the percentage of patients 

treated within 60 minutes increased from 

less than 30 per cent to more than 50 per 

cent; and 3) patients treated within 60 

minutes experienced improved outcomes, 

including lower in-hospital mortality 

and reduced long-term disability. 

Now AHA/ASA is launching Target: 

Stroke Phase II to continue eliminating 

treatment delays for people who suffer 

ischaemic strokes. The primary goal for 

Target: Stroke Phase II is for hospitals to 

achieve DTN times within 60 minutes in 

75 per cent or more of acute ischaemic 

stroke patients treated with tPA.

DR STEVE LUNDY
(University of 

Michigan, USA):

PROFESSOR 
LUDMILA 
BELAYEV
(Louisiana 

State University 

Health Sciences 

Center, USA):
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2014 saw a revival of interest in the 

importance of macrophage migration 

inhibitory factor (MIF) and CD74 as key 

pathogenic factors in multiple sclerosis and a 

number of other neurodegenerative diseases 

and conditions. Our research is focused 

on mechanisms involved in the MIF/CD74 

axis and provides a potent natural biologic 

construct as a possible therapy for these 

otherwise nearly untreatable conditions.

PROFESSOR 
ARTHUR 
VANDENBARK
(Oregon Health 

& Science 

University, USA):

The Ebola outbreak represents a turning 

point in the history of infectious diseases. 

After an effective vaccine becomes available, 

we will never again see this virus causing 

a public health disaster. A vast treasury 

of infectious disease knowledge has been 

discovered in the last 150 years. In the 

future, the diseases that have ravaged 

mankind for thousands of years will be 

prevented. The World Health Organization 

(WHO) has announced: “Some diseases 

are close to being eliminated or eradicated 

completely, among them poliomyelitis, 

leprosy, neonatal tetanus, guinea-worm 

infection and Chagas disease”. After 

national vaccine programmes in the US, 

the annual cases dropped to zero or close 

to that for smallpox, diphtheria, measles, 

polio, rubella and Haemophilus influenzae 

type b. To me, it is an exciting time to 

participate in public health without borders. 

PROFESSOR
JAY BROWN
(US National 

Library of 

Medicine, USA):
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The rise of cloud-based computing and 

the resulting ability of individuals, small 

research groups and start-ups to carry out 

‘high performance computing’ as well as 

big data analytics at manageable cost is set 

to level the playing fi eld and dramatically 

stimulate innovation in many fi elds. In the 

drug discovery and personalised medicine 

arenas, we are on the brink of an era in 

which high fi delity molecular profi ling can 

be linked to individualised drug treatment 

regimens. To facilitate this approach, the 

advances in computation, drug screening 

and drug repurposing need to be better 

linked to electronic health records in a 

manner that protects patient privacy. 

Discussions among third party payers (the 

insurance industry), drug producers (the 

pharmaceutical industry) and intellectual 

property experts should be aligned to focus 

on modifying patent law to more clearly 

refl ect the new reality that most innovation 

in these areas is a result of input from 

many partners. We need to move away 

from the ‘prisoners dilemma’ approach 

to invention and recognise cooperation, 

sharing the benefi ts of the group as a whole.

PROFESSOR STEPHEN BYERS 
(Georgetown University, USA):

One of the very interesting advances in the 

biomarker fi eld has been the demonstration 

that simple devices, such as those that 

can be plugged into a smartphone, can be 

used to carry out diagnostic tests (eg. for 

infectious diseases) at the point of care in 

clinical settings. By bringing the clinical lab 

to the patient, I believe this opens up great 

possibilities for transforming the scale at which 

translational research data can be connected, 

as well as for moving healthcare increasingly 

out of the hospital and into the home. That 

would be very benefi cial for solving some of the 

problems facing healthcare systems worldwide.

DR MUNEESH TEWARI 
(University of Michigan, USA):

We are just at the very beginning of a revolution 

in therapeutics. There is a movement 

towards a molecular-based understanding 

of disease and intervention based on that 

knowledge. That means moving away from 

what we have done in the past with empirical, 

hypothesis-based testing. This process is 

going to take a while, probably 20 years, but 

eventually it will lead to a very high success 

rate for drugs because we will be able to 

successfully predict their effects in people 

before human trials. There are promising signs 

towards that goal, which will result in highly 

effective therapies that are very personalised, 

and much safer than they are now. 

The single most signifi cant achievement in 

immunology in the past couple of years has 

been cancer immunotherapy targeting specifi c 

molecules that inhibit the immune system. 

Targeted strategy emanating from our studies 

will be a future prospect for specifi c therapy.

DR JANET WOODCOCK (US Food and 

Drug Administration, Center for Drug 

Evaluation and Research, USA):

DR HAO WU (Boston Children’s Hospital 

and Harvard Medical School, USA):

Perhaps the most 

signifi cant advance 

in the fi eld of bone 

and mineral research 

over the past year 

has been an appreciation for the importance 

of manipulating the gut microbiome and the 

implications of subsequent alterations in 

the gut mucosal immune system on bone 

metabolism and health. Understanding the 

role of gut mucosal immunity in osteoporosis, 

as well as other chronic diseases, is likely 

to have far reaching implications.

Our work has the potential to provide new 

insights into the effects of phenolic-rich 

foods on novel aspects of the immune 

system, which could provide new low 

cost strategies for preventing, and 

perhaps even treating, osteoporosis. 

PROFESSOR 
BRENDA SMITH 
(Oklahoma State 

University, USA):



What initiated your interest in Fas 
ligand-positive (FasL+) killer B cells? 

My doctoral dissertation focused on 

mechanisms of T helper (T
H
) cell death in 

the schistosome worm infection model in 

mice. The ability of B cells to express Fas 

ligand was unknown to me and most other 

immunologists at the time, yet we found 

that the B cells in the model were highly 

FasL+ and very effective at killing T
H
 cells. 

Another really surprising finding was that 

a small subset of B cells in the spleens of 

uninfected mice expressed Fas ligand. This 

fundamentally changed my perspective 

on the normal functions of B cells in the 

immune system, and led to a shift in my 

interests towards whether killer B cells 

play a role in suppressing allergies or 

autoimmune diseases. 

How have your priorities shifted 
over the course of your career?

During my postdoctoral fellowships, I went 

on to find that killer B cells in the lungs 

regulated T
H
 cells in an allergic asthma 

model and that severity of autoimmune 

arthritis was linked to poor functioning of 

killer B cells. My focus since that time has 

been on understanding the basic biology of 

these cells and the extent to which they are 

active in regulating the immune system in 

health and disease. 

One major goal of your lab has been 
identifying a human equivalent of the 

killer B cells found in mice. How can you 
be sure that such an equivalent exists?

There have been a number of studies showing 

that malignant human B lineage cells, such as 

multiple myeloma and B chronic lymphocytic 

leukaemia (B-CLL) cells, can express Fas 

ligand. Anecdotal evidence has also been 

reported about human B cells expressing Fas 

ligand during Epstein-Barr virus (EBV), HIV 

infections and other inflammatory conditions. 

So we know that human B cells can express 

Fas ligand under various circumstances. What 

we have not yet identified are the equivalents 

of the naturally occurring killer B cells found 

in naïve mouse spleens and lungs. 

What specific diseases do your 
current projects focus on?

One of our biggest challenges has been to 

decide which diseases or conditions to target 

with our research. We believe that killer B cell 

functions are important in regulating many 

(if not all) types of autoimmunity and allergic 

responses. They are also likely to be involved in 

the protection of the foetus from the mother’s 

immune system and may play a pathogenic role 

in cancer by inhibiting the immune responses 

toward tumours. 

Currently our killer B cell work is focused 

primarily on allergic asthma and type 1 

diabetes – two important and prevalent 

diseases of childhood for which there is 

some direct evidence that FasL+ B cells can 

regulate the pathology. Interestingly, the 

incidence of these diseases is very low in areas 

where schistosome infections are common, 

suggesting that nature may already be applying 

the principles we are advocating. 

How do you see your research 
developing in the future?

We are very excited by our recently reported 

discovery that human B cells that are 

transformed into rapidly growing tumour cells 

by EBV are able to produce FasL+ vesicles 

called exosomes. These exosomes were 

effective at killing human T
H
 cells in much the 

same way as we have shown for mouse killer 

B cells. This was a very consistent finding 

using B cells isolated from many individuals, 

suggesting that EBV-transformed B cells 

from any patient could be used as factories 

to produce potentially therapeutic exosomes. 

The strain of virus we used does not replicate, 

which we hope will greatly reduce the risk of 

causing harm to recipients of the exosomes. 

FasL+ exosomes may have many properties 

that are superior to killer B cells, and the 

nature of the system that we have discovered 

is likely to overcome many obstacles in the 

way of translating our research into human 

therapies. We still have a long way to go in 

proving that manipulation of killer B cells or 

their exosomes will be effective and produce 

safe treatments for human diseases, but 

this will continue to be our goal for the 

foreseeable future.

Dr Steven K Lundy provides an insight into his world-leading research on Fas ligand-positive 

killer B cells and their potential applications in medicine, particularly within the fields of 

autoimmunity and allergic response

A killer cure
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THE FAS LIGAND is expressed by many 

cells including T helper (T
H
) cells. This ligand 

is well known for its role in inducing cell 

death (apoptosis) when it binds with the 

Fas receptor – an interaction that plays an 

important part in immune system regulation 

and cancer progression. At the University of 

Michigan, Dr Steven K Lundy and his team 

are aiming to utilise this mechanism in order 

to develop novel treatments for autoimmune 

and inflammatory diseases, by harnessing 

Fas ligand expression by Fas ligand-positive 

(FasL+) killer B cells. “My lab studies the 

ability of B cells to kill T
H
 cells through Fas 

ligand signalling,” Lundy summarises. 

One subset of T
H
 cells the team aims to target 

are those that are self-reactive, as these are 

associated with autoimmune diseases in 

people who, for genetic and/or environmental 

reasons, are unable to control self-reactive 

T cells effectively. By stimulating natural T
H
 

cell control mechanisms such as Fas ligand/

receptor interactions, it is possible that these 

harmful cells may be destroyed and T
H
 cell-

mediated disease risk reduced in a therapeutic 

setting. However, if such outcomes are to be 

achieved, a more detailed understanding of 

the basic biology involved is first required.

ASTHMA AND DIABETES
The Lundy Lab posits that using killer B cells 

to target T
H
 cells could have applications in a 

wide variety of associated diseases, including 

food allergy, asthma, type 1 diabetes, multiple 

sclerosis and rheumatoid arthritis. At present, 

he is focusing his lab’s research efforts 

predominantly on allergic asthma and type 1 

diabetes. This decision was driven both by the 

fact that these are two very serious, prevalent 

conditions and as a result of the wealth of pre-

existing and ongoing research in these areas, 

which the Lundy Lab can utilise to enhance 

their research goals. “Drawing upon progress 

made within the larger research community 

will make our hypotheses much easier to test 

and hopefully lead to quicker translation of our 

work into humans,” Lundy expands. Of course, 

progress made in studying these conditions is 

likely to have significant applications to devising 

novel treatments for a range of other diseases.

Lundy and his colleagues are currently 

working to answer a number of fundamental 

questions surrounding Fas ligand B cell 

expression and how it impacts T
H
 cells. It is 

not yet known, for example, how Fas ligand 

expression is regulated in B cells; exactly 

which B cell subsets express Fas ligand 

in humans; or whether patients affected 

by autoimmune disease or allergies have 

defective killer B cell function. Questions 

also remain as to whether boosting killer B 

cell numbers or activity levels may be used 

to treat – or even prevent – T
H
 cell-mediated 

diseases. Furthermore, it is unclear how killer 

B cells relate to other immune regulatory 

functions, and whether the T
H
 cells targeted 

by the researchers may be able to develop a 

resistance to killer B cell-mediated apoptosis. 

Investigations aimed at answering these 

questions are underway within the Lundy 

Lab. For example, current research efforts 

are examining how Fas ligand expression is 

regulated in B cells, with the ultimate goal 

being to identify ways in which this might 

TARGETING IMMUNE-
MEDIATED DISEASES

By studying the mechanisms 

of immune regulation, Lundy is 

advancing new and innovative 

ways to treat immune-

mediated diseases such as:

Rheumatoid arthritis

Type 1 diabetes

Grave’s thyroiditis

Autoimmune retinopathy

Allergic asthma

A University of Michigan laboratory is conducting pioneering work aimed at developing novel 

treatments for a variety of autoimmune and inflammatory diseases by targeting antigen-specific 

T helper cells with killer B cells

Fas ligand findings

86 INTERNATIONAL INNOVATION



ENHANCING KILLER B LYMPHOCYTE 
FUNCTION AS A TREATMENT FOR 
AUTOIMMUNITY AND ALLERGIES

OBJECTIVE
To improve treatment of autoimmune and 

inflammatory diseases by targeting antigen-

specific T cells using regulatory antigen presenting 

cells, particularly killer B cells that express 

the death-inducing molecule, Fas ligand.

KEY COLLABORATORS
Dr John R Heckenlively, MD; Dr K Thiran 
Jayasundera, MD; Dr Terry J Smith, MD, Kellogg 

Eye Center, University of Michigan, USA

Dr Yang Mao-Draayer, MD, PhD, Department 

of Neurology, University of Michigan, USA

Dr David A Fox, MD, Department of Internal 

Medicine, University of Michigan, USA

Dr Nicholas W Lukacs, PhD, Department of 

Pathology, University of Michigan, USA

Dr Qiao Li, PhD, Department of Surgery, 

University of Michigan, USA

Dr Andras M Komaromy, DVM, Michigan State 

University College of Veterinary Medicine, USA

Dr Massimo T Pietropaolo, MD, Baylor 

College of Medicine, Houston, Texas, USA

FUNDING
National Institutes of Health (NIH)

Edward T and Ellen K Dryer Foundation

CONTACT
Dr Steven K Lundy 

Research Assistant Professor

Department of Internal Medicine-Rheumatology  

University of Michigan Medical School 

4043 A Alfred Taubman Biomedical Research Building 

109 Zina Pitcher Place 

Ann Arbor 

Michigan 48109-2200 

USA

T +1 734 647 6379 

E sklundy@med.umich.edu

www.sitemaker.umich.edu/lundylab/home

www.med.umich.edu/immprog/faculty/lundy.htm

www.researchgate.net/profile/Steven_Lundy 

www.linkedin.com/pub/steven-lundy/37/35a/b37 

STEVEN K LUNDY earned 

his PhD in Immunology and 

Microbiology in 2001 from Wayne 

State University, and completed 

two postdoctoral fellowships at 
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INTELLIGENCE

be targeted therapeutically in vivo. “Already 

we have discovered that killer B cells grow 

and increase their killer function when co-

stimulated by cytokine interleukin-5 (IL-5) and 

CD40 ligand in cell cultures,” Lundy reveals. 

In addition to this finding, it has also emerged 

that exposure of B cells to IL-4 rather than IL-5 

does not support their killer functions, while 

exposure to both IL-4 and IL-5 simultaneously 

suppresses their killer function against T
H
 cells. 

“This finding has many implications for how 

some T
H
 cells might avoid being killed during 

allergic and asthmatic immune responses, and 

we are currently working to better understand 

the mechanisms by which IL-4 suppresses 

killer B cell functions,” elaborates Lundy.

OVERCOMING OBSTACLES
The team has had to overcome a number of 

challenges in the course of their research. 

Initially, the scarcity of FasL+ B cells, and the 

fact that they are restricted in their localisation 

to areas of human anatomy that are not 

easily accessed, were major obstacles. The 

lab’s solution was to establish its own cell 

culture system, which the researchers now 

utilise when conducting adoptive transfer 

studies and other assays on mouse killer 

B cells. The benefits of this cell culture do 

not stop there; the researchers discovered 

a fortuitous side effect to using IL-4 within 

the culture – it antagonises B cell killer 

function while suppressing IL-10 production 

and inducing IL-6 production. This outcome 

is suggestive of a novel mechanism through 

which IL-4 may drive inflammation in T
H
 

cell-mediated diseases such as asthma. In 

light of this unexpected finding, studies are 

now underway to elucidate the mechanisms 

involved in B cell expression of Fas ligand 

and IL-10, and in so doing aid in the 

identification of signalling pathways that may 

be of use in future therapeutic strategies.

Another challenge that still requires 

a solution, however, is the successful 

identification of naturally occurring killer B 

cells in humans equivalent to those found 

in naïve mouse models. Although work is 

now in progress to achieve this, through 

collaboration with a number of physician-

scientists also at Michigan, it is only once 

these FasL+ B cells have been identified in 

humans that the role they play in various 

conditions can be effectively investigated. 

MOVING CLOSER TO THE CLINIC
The Lundy Lab has a number of exciting 

projects in the pipeline, especially in light of 

its recent discovery that the human B cells 

that have been transformed by Epstein-

Barr virus may have the potential to be 

used for therapeutic purposes. However, 

even as the prospect of transferring the 

group’s findings to the clinic grows ever 

nearer, there are still unknowns that must 

be addressed. For example, it is unclear 

at this stage whether the therapeutic 

deployment of killer B cells may have 

unforeseen biological consequences. 

“Our primary focus is to continue to 

study the basic biology of killer B cells, 

and to test our hypotheses in mouse 

models, for the time being,” confirms 

Lundy. “It is only by determining how 

to turn killer B cells on and off that we 

can expect to eventually fine-tune any 

type of treatment that involves them.”

The team is aiming to utilise this mechanism in order to develop 

novel treatments for autoimmune and inflammatory diseases

LUNDY LAB QUESTIONS

What mechanisms regulate Fas 

ligand expression in B cells?

How can this expression be 

targeted therapeutically in vivo?

Can increasing killer B cell 

numbers or activity prevent or treat 

T helper cell-mediated diseases?

Are there relationships 

between killer B cells and other 

immune regulatory cells?

What, if any, are the 

mechanisms of resistance to 

killing induced by B cells?

Which B cell subsets in 

humans express Fas ligand?

Do autoimmune disease or 

asthma patients have defects in 

their killer B cell functions?
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