
	

	
	

ASX / Media Release 
 

AdAlta to present at 2017 Bioshares Biotech Summit 

  
MELBOURNE, Australia, 21 July 2017: AdAlta Limited (ASX: 1AD), the 

biotechnology company focused on advancing its lead i-body candidate towards 

clinical development today announced Chief Executive Officer Sam Cobb will be 

presenting at and attending the forthcoming Bioshares Biotech Summit conference in 

New Zealand to raise awareness with potential investors. 

 

The Bioshares meeting will be held July 21-22 2017, in Queenstown, New Zealand, and 

attendees will hear from over 30 speakers, including analysts and biotech representatives 

who will discuss current biotech industry trends and the hottest areas of medical product 

development.   

 

CEO Sam Cobb, will present data on AdAlta’s lead candidate, AD-114, for the treatment of 

fibrosis and explain what sets the AD-114 technology apart from other drugs in market or 

being developed for the treatment of fibrosis.  

 

Details of the presentation: 

Session Title:   Insights to Fibrosis Drug Discovery & Development 

 

Session Details:  This session will open with an overview of deal making and trends in 

the fibrosis drug space, which will be followed by presentations that 

explain what differentiates the approaches taken by four ASX-listed 

companies working in the field, concluding with a panel discussion. 

 

Session Date/Time:  July 21, 2017 from 1:10 PM to 4:15PM 

 

A copy of the AdAlta presentation is attached with this cover note and will also be 

made available on the Company’s website at www.adalta.com.au. 

 



Notes to Editors 

About AdAlta 

AdAlta Limited is an Australian based drug development company headquartered in 

Melbourne. The Company is focused on using its proprietary technology platform to 

generate i-bodies, a new class of protein therapeutics, with applications as 

therapeutic drugs to treat disease. 

I-bodies are a promising, novel class of drugs that offer a new and more effective 

approach to treating a wide range of human diseases. They are identified and 

developed using our proprietary technology platform. 

We have pioneered a technology that mimics the shape and stability of a crucial 

antigen-binding domain, that was discovered initially in sharks and then developed 

as a human protein. The result is a range of unique compounds, now known as i-

bodies, for use in treating serious diseases.  

AdAlta is developing its lead i-body candidate, AD-114, for the treatment of idiopathic 

pulmonary fibrosis (IPF) and other human fibrotic diseases, for which current 

therapies are sub-optimal and there is a high-unmet medical need. 

The Company also plans to continue further drug discovery and development 

directed towards other drug targets and diseases with its i-body technology platform. 

Further information can be found at: www.adalta.com.au.  

For more information, please contact:  

AdAlta Limited 
Sam Cobb, CEO 
Tel: +61 (0)3 9479 5159 
E: s.cobb@adalta.com.au 

	



i-bodies – a new class of protein therapeutics 
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Investment in AdAlta is subject to investment risk, including possible loss of income and capital invested. AdAlta does not 
guarantee any particular rate of return or performance, nor do they guarantee the repayment of capital. 

This presentation is not an offer or invitation for subscription or purchase of or a recommendation of securities. It does not 
take into account the investment objectives, financial situation and particular needs of the investor. Before making any 
investment in AdAlta, the investor or prospective investor should consider whether such an investment is appropriate to 
their particular investment needs, objectives and financial circumstances and consult an investment advisor if necessary. 

This presentation may contain forward-looking statements regarding the potential of the Company’s projects and interests 
and the development and therapeutic potential of the company’s research and development. Any statement describing a 
goal, expectation, intention or belief of the company is a forward-looking statement and should be considered an at-risk 
statement. Such statements are subject to certain risks and uncertainties, particularly those inherent in the process of 
discovering, developing and commercialising drugs that are safe and effective for use as human therapeutics and the 
financing of such activities. There is no guarantee that the Company’s research and development projects and interests 
(where applicable) will receive regulatory approvals or prove to be commercially successful in the future. Actual results of 
further research could differ from those projected or detailed in this presentation. As a result, you are cautioned not to rely 
on forward-looking statements. Consideration should be given to these and other risks concerning research and 
development programs referred to in this presentation. 

Disclaimer
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AdAlta is a drug discovery and development company using its 
powerful technology platform to generate a promising new class of 
protein therapeutic, known as i-bodies, for treating a wide range of 
human diseases.

About AdAlta
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Investment highlights
Initial focus on treating fibrosis – high unmet 
medical need

Advanced lead fibrosis drug candidate AD-
114 significant pre-clinical validation in 
multiple models

Fully funded for phase 1 development of lead 
fibrosis drug and i-body pipeline

Orphan drug designation USA FDA 

Early commercialisation potential

Experienced team with strong track record of 
drug development and ability to deliver

Corporate and investment summary
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Major Shareholders %
Yuuwa Capital LP 53.5
Platinum Asset Management 7.91
Citycastle Pty Ltd 5.25
La Trobe University 3.01
Robin Beaumont 1.87
Other shareholders 28.46

Total 100%

Capital structure
ASX code 1AD
Shares on issue* 101,110,890
Share price (18 July 17) AU$0.235
Market capitalisation AU$23.5m
Escrowed shares (Aug 18) 24.1m
Current cash (30 March 17) AU$7.47m

Trading range AU$0.325 to 
$0.165

Average daily volume 51,354
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Fibrosis
A major problem

Fibrosis can occur in many tissues of the
body as a result of inflammation or damage

As a result, collagen builds up and can result
in scarring of vital organs such as the lung,
liver, skin, eye, heart and kidney

Leads to irreparable damage and eventual
organ failure

Fibrosis is prevalent in 45% of all diseases

There is no clinically satisfactory therapeutic 
approach to fibrosis

It is an area of high unmet need



AD-114 has broad application in treating fibrosis
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AdAlta data shows that AD-114 can 
improve fibrosis across a range of 
fibrotic diseases

LUNG: Idiopathic Pulmonary Fibrosis

EYE: Wet Age Related Macular Degeneration

LIVER: NASH

SKIN: Hypertrophic scar

KIDNEY: Chronic Kidney Disease

AD-114 has demonstrated broad anti-fibrotic
and anti-inflammatory effects in several animal
models of disease and with human tissues



AD-114 targets inflammation and fibrosis in multiple ways
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Here’s how it works…



Multiple cell types and complex process
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Source: J. Exp. Med. 2011, Vol. 208 No. 7 1339-1350



Multiple cell types – an explanation
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In a number of animal models: 

ü AD-114 reduces inflammatory 
cell migration in vitro and in vivo

ü AD-114 reduces anti-
inflammatory effects in a number 
of animal models



Multiple cell types – an explanation
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In damaged mouse 
lungs of fibrosis:

ü AD-114 blocks 
fibrocyte recruitment



Multiple cell types – an explanation
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In human lung and 
kidney tissue:

ü AD-114 reduces 
epithelial–
mesenchymal 
transition (EMT) in 

vitro



Multiple cell types – an explanation
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In human diseased 
lung tissue:

ü AD-114 reduces 
fibroblast migration



Multiple cell types – an explanation
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In a number of 
fibrosis animal 
models and human 
tissues:

ü AD-114 reduces 
collagen and 
extracellular matrix 
(ECM) deposition



Multiple cell types and complex process
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Source: J. Exp. Med. 2011, Vol. 208 No. 7 1339-1350



In summary: one drug, broad anti-fibrotic action
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Unlike other drugs
AdAlta’s AD-114 targets 
multiple processes and multiple 
cell types

We have demonstrated 
anti-fibrotic effects and anti-
inflammatory effects in multiple 
models

In a disease that is poorly
understood, this approach
gives us multiple shots on
target



CXCR4 is a GPCR chemokine receptor present on bone marrow derived cells including T cells, B cells 
and leukocytes (monocytes) and blood cells

CXCR4 is low or absent in healthy tissues but shown to be expressed in over twenty three types of 
cancer, including breast, ovarian, melanoma, and prostate cancer

CXCR4 has also been shown to be involved in fibrosis = AdAlta’s focus

AD-114 binds to CXCR4
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Evidence supporting CXCR4 as a fibrosis target
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Chemokine receptor Cxcr4 contributes to kidney fibrosis via multiple
effectors

Amy Yuan,3 Yashang Lee,3 Uimook Choi,1 Gilbert Moeckel,2 and Anil Karihaloo3

1Laboratory of Host Defense, National Institute of Allergy and Infectious Diseases, National Institutes of Health, Bethesda,
Maryland; 2Department of Pathology, Yale School of Medicine, New Haven, Connecticut; and 3Department of Medicine,
Section of Nephrology, Yale School of Medicine, New Haven, Connecticut

Submitted 12 March 2014; accepted in final form 19 December 2014

Yuan A, Lee Y, Choi U, Moeckel G, Karihaloo A. Chemokine
receptor Cxcr4 contributes to kidney fibrosis via multiple effectors.
Am J Physiol Renal Physiol 308: F459–F472, 2015. First published
December 23, 2014; doi:10.1152/ajprenal.00146.2014.—Kidney fi-
brosis is the final common pathway for virtually every type of chronic
kidney disease and is a consequence of a prolonged healing response
that follows tissue inflammation. Chronic kidney inflammation ulti-
mately leads to progressive tissue injury and scarring/fibrosis. Several
pathways have been implicated in the progression of kidney fibrosis.
In the present study, we demonstrate that G protein-coupled chemo-
kine (C-X-C motif) receptor (CXCR)4 was significantly upregulated
after renal injury and that sustained activation of Cxcr4 expression
augmented the fibrotic response. We demonstrate that after unilateral
ureteral obstruction (UUO), both gene and protein expression of
Cxcr4 were highly upregulated in tubular cells of the nephron. The
increased Cxcr4 expression in tubules correlated with their increased
dedifferentiated state, leading to increased mRNA expression of
platelet-derived growth factor (PDGF)-!, transforming growth factor
(TGF)-"1, and concurrent loss of bone morphogenetic protein 7
(Bmp7). Ablation of tubular Cxcr4 attenuated UUO-mediated fibrotic
responses, which correlated with a significant reduction in PDGF-!
and TGF-"1 levels and preservation of Bmp7 expression after UUO.
Furthermore, Cxcr4# immune cells infiltrated the obstructed kidney
and further upregulate their Cxcr4 expression. Genetic ablation of
Cxcr4 from macrophages was protective against UUO-induced fibro-
sis. There was also reduced total kidney TGF-"1, which correlated
with reduced Smad activation and !-smooth muscle actin levels. We
conclude that chronic high Cxcr4 expression in multiple effector cell
types can contribute to the pathogenesis of renal fibrosis by altering
their biological profile. This study uncovered a novel cross-talk
between Cxcr4-TGF-"1 and Bmp7 pathways and may provide novel
targets for interrupting the progression of fibrosis.

chemokine (C-X-C motif) receptor 4; AMD-3100; kidney; fibrosis;
macrophages; bone morphogenetic protein 7

KIDNEY FIBROSIS is the end result for virtually every type of
chronic kidney disease (CKD). Fibrosis is the result of healing
response that follows tissue inflammation. Tissue inflammation
may be the result of simple wounding or chronic inflammation,
which, in the case of the kidney, leads to scarring. Kidney
fibrosis consists of glomerular, vascular sclerosis, and tubulo-
interstitial fibrosis. The histological picture of tubulointerstitial
fibrosis is characterized by tubular atrophy, tubular dilatation,
interstitial leukocyte infiltration, fibroblast accumulation, vas-
cular rarefaction, and continuous deposition of matrix proteins
(66). Although substantial progress has been made in our

understanding of the processes that lead to fibrosis, a viable
therapy is still not available. Multiple laboratories have iden-
tified multiple effectors that, after an injury, can contribute to
the process of fibrosis. These include tubular epithelial cells,
endothelial cells, leukocytes, and, more recently, pericytes (27,
39, 47, 48, 84, 87, 89, 90). Injured tubular cells secrete
cytokines and chemokines.

Chemokines are a family of small secreted proteins that
induce a chemotactic response in cells expressing the appro-
priate chemokine receptor. Chemokine receptors were first
identified on leukocytes, but we now know that nonhemato-
poietic cells too express various chemokine receptors (49).
Chemokine receptors are seven-transmembrane domain G pro-
tein-coupled cell surface receptors. The interaction between a
chemokine and its receptor(s) not only coordinates trafficking
of immune cells to specific tissue location but may also play an
important role in pathological conditions such as metastasis in
certain cancers. Chemokine receptors are designated as chemo-
kine (C-X-C motif) receptor (CXCR)1 to CXCR5, chemokine
(C-C motif) receptor (CCR)1 to CCR11, and chemokine (C-X3-
C motif) receptor 1. In the present study, we determined the role
of CXCR4 in kidney fibrosis.

Cxcr4 is ubiquitously expressed and has a single known
ligand, stromal cell-derived factor (Sdf)-1!, which is also
known as chemokine (C-X-C motif) ligand 12 (67). Cxcr4 is
highly expressed in the embryonic kidney, but expression is
significantly low in the adult kidney (68, 76). We have previ-
ously demonstrated the importance of Cxcr4 signaling in nor-
mal branching morphogenesis of the ureteric bud during early
kidney development (76). After injury (such as ischemic in-
jury), in mice, the tubular expression of Cxcr4 is transiently
upregulated, perhaps as a reparative signal (72). Intense Cxcr4
staining is also observed in distal and proximal tubules of
immunostained human biopsies of IgA nephropathy, minimal-
change nephrotic syndrome, focal segmental glomerulosclero-
sis, chronic pyelonephritis, and acute tubular necrosis. In
addtion, varying degrees of CD45# Cxcr4# infiltrates are seen
in these biopsies, which also correlated with intense staining
for Sdf-1! (50). Thus, there seems to be an association be-
tween high Cxcr4 expression and kidney disease.

In certain cancers, chronic high Cxcr4 expression induces
mesenchymal-like characteristics in epithelial cells by activat-
ing matrix metalloproteinase-2 and -9 (16, 81), which affect
matrix remodeling.

Chronic inflammation in the kidney creates a milieu for
maintaining high Cxcr4 expression. One such stimulus is
localized hypoxia (due to vascular rarefaction), which stimu-
lates the expression of transcription factors like hypoxia-induc-
ible factor-1! and Foxc1/2, in addition to the cytokine trans-

Address for reprint requests and other correspondence: A. Karihaloo,
Dept. of Internal Medicine, Section of Nephrology, Yale School of Med-
icine, New Haven, CT 06520 (e-mail: anil.karihaloo@yale.edu or anil.
karihaloo@astrazeneca.com).
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CXCR4 Antagonism Attenuates the
Development of Diabetic Cardiac Fibrosis
Po-Yin Chu1, KenWalder2, Duncan Horlock1, David Williams1, Erin Nelson1,
Melissa Byrne1, Karin Jandeleit-Dahm3, Paul Zimmet4, David M. Kaye1*

1 Heart Failure Research Group, Baker IDI Heart and Diabetes Research Institute, Melbourne, Australia,
2 Metabolic Research Unit, School of Medicine, Deakin University, Waurn Ponds, Victoria, Australia,
3 Diabetes Complications Division, Baker IDI Heart and Diabetes Research Institute, Melbourne, Australia,
4 Clinical Diabetes and Epidemiology Department, Baker IDI Heart and Diabetes Research Institute,
Melbourne, Australia

* david.kaye@bakeridi.edu.au

Abstract
Heart failure (HF) is an increasingly recognized complication of diabetes. Cardiac fibrosis is
an important causative mechanism of HF associated with diabetes. Recent data indicate
that inflammation may be particularly important in the pathogenesis of cardiovascular fibro-
sis. We sought to determine the mechanism by which cardiac fibrosis develops and to spe-
cifically investigate the role of the CXCR4 axis in this process. Animals with type I diabetes
(streptozotocin treated mice) or type II diabetes (Israeli Sand-rats) and controls were ran-
domized to treatment with a CXCR4 antagonist, candesartan or vehicle control. Additional
groups of mice also underwent bone marrow transplantation (GFP+ donor marrow) to inves-
tigate the potential role of bone marrow derived cell mobilization in the pathogenesis of car-
diac fibrosis. Both type I and II models of diabetes were accompanied by the development
of significant cardiac fibrosis. CXCR4 antagonism markedly reduced cardiac fibrosis in both
models of diabetes, similar in magnitude to that seen with candesartan. In contrast to can-
desartan, the anti-fibrotic actions of CXCR4 antagonism occurred in a blood pressure inde-
pendent manner. Whilst the induction of diabetes did not increase the overall myocardial
burden of GFP+ cells, it was accompanied by an increase in GFP+ cells expressing the
fibroblast marker alpha-smooth muscle actin and this was attenuated by CXCR4 antago-
nism. CXCR4 antagonism was also accompanied by increased levels of circulating regula-
tory T cells. Taken together the current data indicate that pharmacological inhibition of
CXCR4 significantly reduces diabetes induced cardiac fibrosis, providing a potentially
important therapeutic approach.

Introduction
In the setting of the continued rapid rise in the prevalence of obesity, diabetes mellitus has
emerged as one of the fastest growing chronic diseases in the world [1]. The number of people
with diabetes mellitus has more than doubled over the last few decades. It has become one of
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CXCR4 dysfunction in non-alcoholic
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Abstract
Homing of inflammatory cells to the liver is key in the progression of non-alcoholic steatohepatitis (NASH). An
abnormal response of CD4+ T-cells from obese mice to the chemotactic effect of CXCL12 has been reported but
the mechanism involved in this process and relevance in patients are unknown. We aimed to explore the
mechanism involved in the abnormal chemotaxis of CXC chemokine ligand 12 (CXCL12) in several mouse models of
NASH and the relevance in the context of human non-alcoholic fatty liver disease (NAFLD). We assessed
chemotactic responsiveness of CD4+ T-cells to CXCL12, the effect of AMD3100, a CXC chemokine receptor 4
(CXCR4) antagonist, in mice and lymphocytes from patients with NAFLD, and the affinity of CXCL12 for CXCR4.
CXCL12-promoted migration of CD4+ T-cells from three different mouse models of NASH was increased and
dependent of CXCR4. CD4+ T-cells from patients with NASH, but not from patients with pure steatosis, responded
more strongly to the chemotactic effect of CXCL12, and this response was inhibited by AMD3100. Treatment with
AMD3100 decreased the number of CD4+ T-cells to the liver in ob/ob mice. CXCL12 expression in the liver, CXCR4
and CXCR7 expression in CD4+ T-cells were not increased in three different mouse models of NASH. However, the
affinity of CXCL12 for CXCR4 was increased in CD4+ T-cells of ob/ob mice. In conclusion, the CXCL12/CXCR4
pathway contributes in both mice and patients to the enhanced recruitment of CD4+ T-cells in NASH. An increased
affinity of CXCL12 to CXCR4 rather than a higher expression of the chemokine or its receptors is involved in this
process.

Key words: CD4+ T-cell, chemotaxis, CXC chemokine ligand 12 (CXCL12), non-alcoholic fatty liver disease (NAFLD), non-alcoholic steatohepatitis (NASH)

INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is characterized by
excessive fat accumulation in the liver. Steatosis is innocuous in
its pure form, as only patients presenting inflammation [i.e. non-
alcoholic steatohepatitis (NASH)] develop advanced liver disease
(reviewed in [1]), indicating a key role of liver inflammation
(i.e. recruitment and/or activation of inflammatory cells) in the
progression of NAFLD [2].

Abbreviations: ALT, alanine aminotransferase; APC, allophycocyanin; AST, aspartate aminotransferase; CXCL, CXC chemokine ligand; CXCR, CXC chemokine receptor; biot-CXCL12,
biotinylated CXCL12; HCC, hepatocellular carcinoma; HFD, high-fat diet; mAb, monoclonal antibody; MCD, methionine and choline-deficient diet; MFI, mean fluorescence intensity;
MMLV, Moloney murine leukaemia virus; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis; PBMC, peripheral blood mononuclear cell; PE, phycoerythrin;
PerCP, peridinin–chlorophyll–protein complex; PLSD, protected least-squares difference; SaV, streptavidin; SDF-1α, stromal cell-derived factor 1α; TUNEL, terminal
deoxynucleotidyltransferase-mediated dUTP nick-end labelling.

1These authors contributed equally to this work.
2In memoriam.

Correspondence: Professor Gabriel Perlemuter (email gabriel.perlemuter@abc.aphp.fr).

In this context, we have previously shown that liver in-
flammation in obese mice results from both the fatty liver
having a greater potential to attract circulating lympho-
cytes and from lymphocytes being prone to migration to
the liver, a process that was enhanced by lipopolysacchar-
ide (LPS). We have identified that CD4+ T-cells from obese
mice were more responsive to the chemotactic effect of CXC
chemokine ligand (CXCL)12 [stromal cell-derived factor 1α

(SDF-1α)] [3].
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A potential role of SDF-1/CXCR4 chemotactic pathway in 
wound healing and hypertrophic scar formation 
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Fibroproliferative disorders are an ongoing clinical issue that is prevalent within society today. These disorders 
generally manifest themselves by an overproduction of fibrotic tissue with unknown provocation resulting in 
numerous detrimental defects. Cellular migration of blood-borne cells via the chemotactic pathway, consisting of 
stromal cell-derived factor 1 and its receptor, CXCR4, has been strongly implicated in post-burn hypertrophic 
scar formation. Evidence has shown this pathway has potential as a therapeutic target in the formation of 
hypertrophic scar and likely in other fibroproliferative disorders. 

Keywords: Hypertrophic scar; fibroproliferative disorders; SDF-1/CXCR4 pathway; CXCR4 antagonist 
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Introduction 

Wound Healing Process 

The mechanism of wound healing involves numerous 
cellular components, their migration and subsequent 
production of cytokines, which stimulate effector responses. 
Generally, this process involves three overlapping phases 
consisting of inflammation, proliferation and maturation and 
remodeling, with the antecedent of these being hemostasis [1].  

Hemostasis 

In the event of an injury, hemostasis or the cessation of 
bleeding is immediately initiated and occurs for a brief 
period prior to inflammation [2]. As blood comes into contact 
with the open wound, platelets are stimulated to release 
clotting factors and growth factors. This release is due to 

contact with exposed collagen, extracellular matrix (ECM) 
and other tissue elements [3]. Blood vessels constrict and 
complement-clotting cascades are activated, initiating the 
formation of a fibrin clot [1]. This clot consists primarily of 
platelets embedded in a cross-linked mesh of fibrin fibers 
that serves many functions. It acts as a temporary protective 
shield for the wound and as a medium through which various 
inflammatory cells can migrate [4]. It also serves as a potent 
cytokine and growth factor reservoir during platelet 
degranulation [5]. Granules such as α-granules are found in 
platelets and release a number of potent cytokines. These 
include epidermal growth factor, platelet-derived growth 
factor (PDGF), transforming growth factor β (TGF-β), 
vascular growth factor, fibroblast growth factor 2 and 
insulin-like growth factor, many of which are involved in 
chemotactic homing of inflammatory cells, fibroblast 
migration and cellular proliferation [6].  
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The SDF-1/CXCR4 ligand/receptor pair is an important
contributor to several types of ocular neovascularization

Raquel Lima e Silva,* Jikui Shen,* Sean F. Hackett,* Shu Kachi,* Hideo Akiyama,*
Katsuji Kiuchi,* Katsutoshi Yokoi,* Maria C. Hatara,* Thomas Lauer,* Sadia Aslam,*
Yuan Yuan Gong,* Wei-Hong Xiao,* Naw Htee Khu,* Catherine Thut,† and
Peter A. Campochiaro*,1

*Departments of Ophthalmology and Neuroscience, The Johns Hopkins University School of
Medicine, Baltimore, Maryland, USA; and †Department of Ophthalmics Research, Merck & Co.,
West Point, Pennsylvania, USA

ABSTRACT Hypoxia causes increased expression of
several proteins that have the potential to promote
neovascularization. Vascular endothelial growth factor
(VEGF) is up-regulated by hypoxia in the retina and
plays a central role in the development of several types
of ocular neovascularization, but the effects of other
hypoxia-regulated proteins are less clear. Stromal-de-
rived factor-1 (SDF-1) and its receptor, CXCR4, have
hypoxia response elements in the promoter regions of
their genes and are increased in hypoxic liver and heart.
In this study, we found that SDF-1 and CXCR4 are
increased in hypoxic retina, with SDF-1 localized in glial
cells primarily near the surface of the retina and
CXCR4 localized in bone marrow-derived cells. Glial
cells also expressed CXCR4, which suggested the pos-
sibility of autocrine stimulation, but influx of bone
marrow-derived cells is the major source of increased
levels of CXCR4. High levels of VEGF in the retina in
the absence of hypoxia also increased levels of Cxcr4
and Sdf1 mRNA. CXCR4 antagonists reduced influx of
bone marrow-derived cells into ischemic retina and
strongly suppressed retinal neovascularization, VEGF-
induced subretinal neovascularization, and choroidal
neovascularization. These data suggest that SDF-1 and
CXCR4 contribute to the involvement of bone marrow-
derived cells and collaborate with VEGF in the devel-
opment of several types of ocular neovascularization.
They provide new targets for therapeutic intervention
that may help to bolster and supplement effects ob-
tained with VEGF antagonists.—Lima e Silva, R., Shen,
J., Hackett, S. F., Kachi, S., Akiyama, H., Kiuchi, K.,
Yokoi, K., Hatara, M. C., Lauer, T., Aslam, S., Gong,
Y. Y., Xiao, W-H., Khu, N. H., Thut, C., Campochiaro,
P. A. The SDF-1/CXCR4 ligand/receptor pair is an
important contributor to several types of ocular neo-
vascularization. FASEB J. 21, 3219–3230 (2007)

Key Words: age-related macular degeneration ! angiogenesis
! chemokines ! diabetic retinopathy ! inflammation

Chemokines are a family of small peptides, many of
which were first identified as chemoattractants for

leukocytes but are now recognized to have a number of
diverse functions. They are divided into four groups,
CXC, CX3C, CC, and C (C!cysteine and X!any amino
acid), based on positioning of two highly conserved
cysteines near the amino terminus. Chemokines are
ligands for a family of seven-transmembrane spanning,
G-protein-coupled receptors. Numerous chemokine re-
ceptors have been identified including seven for CXC
chemokines, eleven for CC chemokines, and one each
for CX3C and C (1, 2).

CXCR4 was initially cloned as an orphan chemokine
receptor and was found to be expressed on monocytes,
B-lymphocytes, and most T cells (3–5). It gained instant
notoriety when it was identified as an essential cofactor
for entry of T-tropic HIV into T cells (6–8). It was
subsequently determined that CXCR4 is present on
many different types of cells, is activated by only one
ligand, stromal-derived factor 1 (SDF-1) (9, 10), and
mediates several different activities such as chemotaxis,
adhesion, proliferation, survival, and, in some cells,
apoptosis (11). Activation of CXCR4 on lymphocytes
and monocytes stimulates chemotaxis, resulting in re-
cruitment to sites of immune and inflammatory reac-
tions. Hematopoietic and endothelial progenitor cells
express CXCR4, and release of SDF-1 by bone mar-
row (BM) stromal cells mediates sequestration and
homing of these progenitor cells to BM (12, 13).
SDF-1 has also been implicated in revascularization
of ischemic hind limbs through recruitment of
CXCR4" hemangiocytes (14).

Mature vascular endothelial cells also express CXCR4
(15) and its expression is up-regulated by inflammatory
cytokines and angiogenic factors FGF2 and VEGF (16–
18). Subcutaneous injections of SDF-1 in mice induce
leukocytic infiltrates and small areas of neovasculariza-
tion (NV) (18). Conversely, mice deficient in CXCR4
have defects in the formation of blood vessels of the
gastrointestinal tract (19). In this study, we investigated

1 Correspondence: Maumenee 719, Johns Hopkins Univer-
sity School of Medicine, 600 N. Wolfe St., Baltimore, MD
21287-9277, USA. E-mail: pcampo@jhmi.edu

doi: 10.1096/fj.06-7359com

32190892-6638/07/0021-3219 © FASEB

Significant literature to support hypothesis of the involvement of CXCR4 in fibrosis



CXCR4 increased in disease
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Demonstrated CXCR4 expression increased 
in a number of human fibrotic diseased tissue 
(represented by brown staining)

For example: 

IPF diseased lung tissue in upper right 
panel compared with normal lung tissue 

Diabetic diseased kidney tissue in lower 
right panel - compared with normal 
kidney tissue

CXCR4

Normal human 
kidney tissue

Diseased kidney 
tissue

Normal human 
lung tissue

Diseased lung 
tissue

In each of the diseased tissue examples, 
CXCR4 is shown to be increased



CXCR4 as a biomarker in IPF

Fibrocyte cells (CXCR4 positive cells) 
were elevated in stable IPF patients, and 
further increased during acute 
exacerbations

Fibrocytes (CXCR4 positive cells) not 
only correlated with lung function but 
were an independent predictor of early 
IPF patient mortality 

– 7.5 months with more than 5% 
fibrocytes

– 27 months with less than 5% fibrocytes

progenitor cells may be more indicative of fibrotic tissue injury or
repair and not a reflection of acute lung injury per se. Our findings
are supported by a study on a small group of patients with IIP, who
had increased fibrocytes in their circulation during stable disease
(18). There is further evidence of a potential role for fibrocytes in
the fibrotic tissue response including IPF (19), nephrogenic fibros-
ing dermopathy (28), rheumatoid arthritis (29), and asthma (30).

The biology of mesenchymal progenitor cells and circulating
fibrocytes is complex and incompletely understood (10). Despite
numerous in vitro and in vivo studies it is unclear whether fibro-
cytes have a detrimental or beneficial role in the disease process.
On the one hand, they seem to be necessary for normal wound
healing (31). They are able to produce cytokines, growth factors,
and ECM proteins, and they can express a-smooth muscle actin

and promote angiogenesis (32). The exact differentiation stage of
fibrocytes is unknown, but it is interesting to note that mesen-
chymal stem cells can protect from lung injury through inhibition
of inflammatory cytokines in the bleomycin animal model (33).
On the other hand, there is evidence that these cells are involved
in abnormal scar formation in models of wound repair, possibly
through fibrocyte-mediated T-cell activation (32). It is contro-
versial whether fibrocytes indeed differentiate into myofibro-
blasts, but there is little doubt about their profibrotic attributes
(34). There is also no consensus on their contribution to the
formation of fibroblastic foci in IPF lungs, or their relative role
compared with local fibroblast differentiation and epithelial–
mesenchymal transition. There are likely many mechanisms that
can participate in the release, recruitment, and differentiation of
fibrocytes, one of the currently most discussed contributors in the
context of IPF being latent or acute viral infections (6). Despite
these numerous open questions, the present study has confirmed
that fibrocytes are present in the blood of patients with IPF and
even more so during acute exacerbation of the disease, which
allows the examination of their potential as biomarkers, regard-
less of understanding their biological properties in detail.

The clinical management of IPF relies on monitoring PFT and
exercise capacity, usually by 6MWT. The value of these clinical
parameters in reflecting disease severity and progression is
uncertain. TLC and DLCO are included in scoring systems, which
were shown to correlate with histology to a certain degree and
may be useful to estimate survival (35). In addition, there is some
correlation between degree of fibrosis in HRCT and baseline
DLCO (36). However, other studies showed no or poor correlation
between PFT and histologic severity, questioning their overall
predictive value (37). Similarly, FVC is often remarkably stable in
mild to moderate IPF over time, despite evidence of clinical de-
cline (38). Nevertheless, serial assessment of PFT provides more
meaningful information about disease severity compared with single
time points (39). The 6MWT is an easy, reliable, and inexpensive
test to assess oxygen desaturation on exertion and gives a more
comprehensive impression of the cardiopulmonary system com-

Figure 5. Survival curves of
patients with idiopathic pulmo-
nary fibrosis grouped by clini-
cal parameters. Survival curves
of patients with (A) less than
50% of predicted FVC (n 5
10), 50% to 80% of predicted
FVC (n 5 29), or more than
80% of predicted FVC (n 5 9);
(B) less than 40% of predicted
diffusing capacity of carbon
monoxide (DLCO) (n 5 24) or
40% or more of predicted
DLCO (n 5 9); (C) less than
70% of predicted TLC (n 5
16) or more than 70% of pre-
dicted TLC (n 5 17); and (D)
no more than 275 m on the 6-
Minute Walk Test (6MWT) (n
5 8) or more than 275 m on
the 6MWT (n 5 12). Log-rank
(Mantel-Cox) test was used.
(A) P 5 0.24; (B) P 5 0.10;
(C) P 5 0.43; (D) P 5 0.89.

Figure 4. Survival curves of patients with idiopathic pulmonary fibrosis
(IPF) grouped by fibrocyte counts. Survival curves of patients with IPF
(including acute exacerbations) with more than 5% fibrocytes (dashed
line, n 5 10) versus less than 5% fibrocytes (solid line, n 5 48). Log-rank
(Mantel-Cox) test was used. P 5 0.0001 between groups. Mean survival,
7.5 months with more than 5% fibrocytes, 27 months with less than 5%
fibrocytes.
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included. Diagnosis of IPF was based on guidelines of the American
Thoracic Society and European Respiratory Society (3). Surgical lung
biopsy had been done in 17 patients to establish a diagnosis of UIP.
Defining criteria for exacerbations included rapid worsening of dysp-
nea over 4 weeks, new infiltrates on chest X-ray or computed
tomography, a decrease in pulmonary function (.10% in FVC and/
or diffusing capacity of carbon monoxide [DLCO] compared with the
last available test), and absence of an identifiable cause for deteriora-
tion (5, 6, 24–26). The presence of acute bacterial and the most
common viral infections was ruled out as completely as possible
(including performing sputum or bronchoalveolar lavage fluid [BALF]
analysis plus nasopharyngeal swab). Thirty milliliters of blood was
obtained from each patient, from 15 patients twice, 4 to 12 months
apart. In patients with ARDS the blood sample was drawn within
1 week after establishing the diagnosis. In acute IPF exacerbation the
sample was collected shortly after onset of symptoms, within 4 weeks
or less.

Blood Samples

Buffy coat cells were prepared from fresh blood and incubated twice in
sodium chloride lysis solution followed by centrifugation. Cells were
prepared at a concentration of 40–50 3 106 cells/ml in freezing medium
and transferred to cryogenic vials (#66008-706; VWR, West Chester, PA)
in 1-ml aliquots and cooled in a cryogenic control rate freezing container
(#55710-200; VWR) to 2808C for up to 3 days before being transferred to
liquid nitrogen.

Flow Cytometric Analysis

Frozen samples were thawed rapidly in a warm water to room tempera-
ture and washed in 40 ml of FACS buffer (BD Biosciences, San Jose,
CA), and then centrifuged at 1500 rpm for 5 minutes. Cells were resus-
pended to a concentration of 1 3 107 cells/ml, and aliquoted to a 96-well
plate (Falcon #353911; BD Biosciences) at 100 ml/well, at a final concen-
tration of 1 3 106 cells per well. Cells were first stained for the surface
antigen CD45 (CD45–PerCP, #557513BD; BD Biosciences) or isotype
control antibody (IgG1, k, #555751; BD Biosciences) for 30 minutes,
followed by two washes with 100 ml of FACS buffer. Cells were per-
meabilized with a Cytofix/Cytoperm kit (#555751; BD Biosciences) for
detection of intracellular antigens. Cells were next incubated with
specific rabbit anti–human collagen-1 antibody (#6004011030.1; Rock-
land Immunochemicals, Gilbertsville, PA) or IgG isotype control
antibody (#AB 105 C; R&D Systems, Minneapolis, MN) for 30 minutes
and washed twice, followed with secondary goat anti-rabbit antibody
conjugated to Alexa Fluor 488 (#A20981; Molecular Probes/Invitrogen,
Carlsbad, CA), which emits in the fluorescein isothiocyanate channel.
Cells were washed twice and then transferred to 300 ml of 1%
paraformaldehyde solution in polystyrene tubes (Falcon #352058; BD
Biosciences) for storage up to 1 week at 48C. Flow cytometry was
performed with FACSDiva software (BD Biosciences). Compensation
was calculated with anti-mouse IgG(k) CompBeads (#552843; BD
Biosciences) stained with each single-color antibody. For each sample
between 50,000 and 200,000 events were collected. All data were
analyzed with FlowJo software (Tree Star, Inc., Ashland, OR). The
negative threshold for CD45–cychrome was set at 0.5%, using un-
stained cells, and all subsequent samples were gated for the CD451

region. Cells gated for CD45 were analyzed for collagen-1 expression,
with negative control thresholds set at 0.5%, using a matched IgG
isotype control. Specific staining for collagen-1 was determined as an
increase in positive events over this threshold (Figure 1). Baseline
leukocyte counts in patients with IPF showed some physiological fluc-
tuation between visits and were not significantly different from those of
healthy control subjects, and thus fibrocyte numbers were expressed as
a percentage of total leukocyte counts.

Clinical Data

Charts were reviewed and demographic data, results from pulmonary
function testing (PFT) and the 6-Minute Walk Test (6MWT), performed
according to American Thoracic Society guidelines (3), were extracted.
High-resolution computer tomography (HRCT) scans were reviewed
and scored independently by two radiologists (D.J. and B.C.). Right and
left lungs were assessed on three levels: origin of first-generation pul-

monary artery, carina, and 1 cm above the right diaphragm. Fibrotic changes
were quantified as overall extent of interstitial changes, reticulation,
ground-glass opacity, coarseness, and emphysema.

Statistical Analysis

Data are shown as scatter dot plots with means 6 SEM unless stated
otherwise. Normal distribution was verified with the Shapiro-Wilk test.
For evaluation of the difference in fibrocyte numbers between groups,
we used one-way analysis of variance with the nonparametric Kruskal-
Wallis test, followed by Dunn’s multiple comparison post test. To
evaluate repeated measurement of fibrocyte numbers we used a Student
paired two-tailed t test. Other comparisons between two groups were
performed with the nonparametric two-tailed Mann-Whitney test. Com-
parison of survival curves was done with the log-rank (Mantel-Cox) test.
A Cox proportional hazards model was used to assess the independent
prognostic value of clinical parameters and fibrocyte counts for the
outcome of mortality. We used GraphPad Prism 5.0 (GraphPad

Figure 2. Fibrocyte counts (6 SEM) in idiopathic pulmonary fibrosis
(IPF) and acute respiratory distress syndrome (ARDS). (A) Fibrocyte
counts in healthy control subjects (1.0 6 0.12%; n 5 7), patients with
stable IPF (2.72 6 0.34%; n 5 51), and patients with acute IPF
exacerbation (14.51 6 2.53%; n 5 7). One-way analysis of variance
was used with the nonparametric Kruskal-Wallis test, followed by
Dunn’s multiple comparison post test. *P , 0.05, ***P , 0.001 versus
healthy control subjects. (B) Fibrocyte counts of three patients with IPF
during acute exacerbation and on recovery (6 wk, 7 mo, and 9 mo
later). (C) Fibrocyte counts 6 SEM in healthy control subjects (n 5 7)
and patients with ARDS (2.13 6 0.63%; n 5 10). Nonparametric two-
tailed Mann-Whitney test was used. P 5 0.17.
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less than 5% fibrocytes

more than 5% 
fibrocytes

REF: Moeller, et al. Am J Respir Crit Care Med Vol 179. pp

588–594, 2009

Fibrocyte numbers predict mortality

19

CXCR4 may have a role in predicting 
disease progression



CXCR4 as a biomarker in IPF
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Molecular Imaging with CXCR4-Gallium-68-Pentixafor PET
correlates with GAP Index and Treatment Effects in IPF

Antje Prasse1, Danny Jonigk2, Tobias Welte1, Benedikt Jäger1, Frank Bengel3, Thorsten Derlin3
1Pneumology, Hannover Medical School; Fraunhofer ITEM, DZL BREATH
2Pathology, Hannover Medical School and 3Nuclear Medicine, Hannover Medical School, Hannover, DE, 30625.

Background:
Idiopathic pulmonary fibrosis (IPF) is a fatal disease
characterized by progressive respiratory failure. The
chemokine receptor CXCR4 plays a pivotal role in
migration of CXCR4+ progenitor cells to the lung.

Objectives:
In this study, pulmonary CXCR4 expression was
evaluated using quantitative positron emission
tomography (PET), in order to test its role as a
potential biomarker for IPF.
.

Methods:
PET with the specific CXCR4 ligand, gallium-68
(68Ga)-pentixafor, was performed in 20 patients and
compared with high-resolution CT (HRCT) of the
chest, pulmonary function tests, and a clinical staging
system (GAP index). In eight patients, follow-up scans
were obtained following treatment with pirfenidone.

Results:
Patients showed variable degrees of CXCR4
upregulation in fibrotic areas. The average tracer
uptake (SUVmean) in fibrotic areas was 2.3±0.5 (range,
1.6-3.0). CXCR4 Tracer uptake was highest in the
areas of honeycombing. Tracer uptake demonstrated
a significant correlation with both GAP index (rs=0.6,
p=0.01) and GAP stage/predicted mortality (rs=0.59,
p=0.01) at baseline. Total lung capacity (rs=-0.59,
p=0.02), but not DLCO (rs=-0.25, p=0.43) correlated
with tracer uptake. In patients subsequently treated
with pirfenidone, CXCR4 downregulation at the
second PET imaging (week 6) correlated with
treatment outcome (6 months).
Immunohistochemistry for CXCR4 revealed marked
staining of epithelial cells covering honeycomb cysts.
In addition, CXCR4 staining was markedly elevated in
infiltrates of round cells (lymphocytes and
macrophages).

Conclusion:
Targeted PET imaging with 68Ga-pentixafor identified
the pulmonary CXCR4 expression pattern in IPF. We
observed a strong CXCR4 expression of areas with
honeycombing. CXCR4 expression correlated with
clinical parameters known to be predictive of outcome
in IPF. CXCR4 imaging may have a role in monitoring
disease activity and may predict response to treatment
with pirfenidone.

Figure 2

Figure 1

Figure 1: Immunohistochemistry for CXCR4 of lung explants from an IPF
patient. Panel A: makred CXR4 staining of round cell infiltrates
(lymphocytes and macrophages) as well as bronchial epithelial cells
covering honeycom cysts. Panel B: higher resolution of honeycomb cysts.

Contact: Dr. Antje Prasse; prasse.antje@mh-hannover.de

Figure 2: CXCR4 PET/CT scan of a patient with IPF/UIP. CT
scan shows the definite UIP pattern with basal and predominatly
subpleural honeycombing. Marked CXCR4 staining in regions with
honeycombing.

Figure 3

Figure 2: Serial CXCR4 PET/CT scans of 2 patients with IPF
at baseline and 6 weeks after start of treatment with
pirfenidone. Patient A had a decrease in CXCR4 expression of
areas with honeycombing at 6 weeks and an improvement in lung
function (6 month after start of treatment. Patiet B vice versae.

Strong CXCR4 expression from PET imaging 
agent, correlated with areas of honeycombing 
(associated with IPF) and with clinical parameters 
known to be predictive of outcome in IPF

Patient A (top panels) had lower expression 
of CXCR4 at 6 weeks and responded to 
Pirfenidone treatment with lung function 
improvement

Patient B (bottom panels) had a high 
expression of CXCR4 at 6 weeks and did not 
respond to Pirfenidone treatment, with no 
lung function improvement

REF: Prasse A, et al. American Journal of Respiratory and 

Critical Care Medicine 2017;195:A7678

6 weeks

CXCR4 imaging may have a role in monitoring disease progression and may 
predict response to treatment with Pirfenidone



PK determined both subcutaneously and intravenously 
– T ½ ~24hrs either route of administration

Ascending dose range finder study up to 30mg/kg
– AD-114 was well tolerated and there were no adverse effects with increased doses 

demonstrated by hematology / blood evaluation readouts 

– No study mortalities or clinical signs relating to the increasing doses of AD-114 were 
observed

– Importantly, unlike other CXCR4 antagonists, AD-114 does not mobilise stem cells

• This result is a potential advantage of AD-114 for long term treatment in diseases such as 
fibrosis

• This data demonstrates that the long loop of the i-body has a unique activity and AD-114 is 
differentiated from competing CXCR4 antagonist products

AD-114 safe in non-human primates
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Long loop of i-body: novel CXCR4 mechanism
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High affinity and 
specificity like an 
antibody with lower 
toxicity expected (does 
not bind to any other 
GPCR) unlike CXCR4 
small molecule 
AMD3100

Long loop binds deep 
in groove like a small 
molecule 

Combining advantages 
of antibodies and small 
molecules, AD-114 has 
unique pharmacology



AD-114 has greater in vitro efficacy compared to the 
only approved therapies Nintedanib and Pirfenidone
for IPF treatment 
– Existing IPF treatments have limited efficacy; 

either no effect or slow down disease progression 
i.e. no cure

Novel mechanism of action compared with other 
drugs targeting the GPCR chemokine receptor 
CXCR4

Very specific for diseased tissue and no effects on 
normal tissue

Orphan drug status with US FDA allows for R&D tax 
credits, new drug application fee waivers and a 
seven year period of market exclusivity 

AD-114 key advantages compared to existing 
IPF treatments

Human tissue 
In vitro activity

No effect 
on normal 

tissue

Effect on
diseased / 
IPF tissue

i-body AD-114 ✔ ✔

Nintedanib (Boehringer) ✗ ✔

Pirfenidone (Roche) ✔ ✗

Other CXCR4 drug 
(Sanofi-AMD3100) ✔ ✗

Novel mechanism of action for 

fibrosis treatment enabling a “first in 

class” therapy
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Efficacy
– Lung: IPF

• Animal models
• Human IPF tissue
• Biomarker assessments 

(Alfred Health & others)

– Broad fibrotic application   
with demonstration in other 
animal models and human 
tissues

• Eye: wet-AMD
• Liver: NASH
• Kidney: CKD
• Skin: HT Scarring

Safety
– NHP studies:

• PK: IV and SC
• Dose range finder
• Multi dosing studies

– PK-PD assays developed 
demonstrating target 
engagement

– Cytokine analysis (20 human 
blood donors)

AD-114 efficacy and safety

24



FY2018 FY2019

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Partnering of lead 
candidate

based on other 
benchmark deals

AD-114 development: key milestones

Manufacturing

Toxicology 
studies

Phase I

Publication of data

BD and partnerships 
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IPO August 2016 raised $10M to meet major milestones: phase I clinical trials of AD-114 in 
lung fibrosis and development of i-body pipeline

Initial focus on treating Idiopathic Pulmonary Fibrosis (IPF) and other fibrotic diseases -
high unmet clinical need

CXCR4 is a novel target for treatment of fibrosis, increased in disease

AD-114 has significant pre-clinical validation demonstrating broad anti-fibrotic and anti-
inflammatory effects as well as safety

AdAlta / AD-114 summary
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Early commercialisation opportunity, with experienced management and 
Board to drive AD-114 development and secure technology platform 
partnerships / product licensing deals


