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HISTORICAL CONTEXT
T he ability to develop discrete areas of tissue fibro-
sis or scarring represents a normal physiologic
response to injury that is necessary for the main-
tenance of tissue integrity and normal organ function. In
contrast, uncontrolled, dysregulated fibroproliferation and
abnormal matrix deposition/remodeling results in tissue
fibrosis and organ dysfunction, regardless of the initiating
event." The latter process underlies a wide variety of clini-
cally significant disorders ranging from idiopathic pulmo-
nary fibrosis (IPF) and liver cirrhosis to kidney sclerosis
and cutaneous fibrosis. However, the mechanisms
responsible for injury responses that lead to tissue fibrosis
in these organs are incompletely understood. With an
enhanced understanding of the mechanisms responsible
for both physiologic and dysregulated fibrosis across sev-
eral organ systems, common fibrotic pathways may be
identified and potential targets for intervention can be
unveiled. Unfortunately, research in fibrogenesis in distinct
organs has been conducted largely independently, with
very few examples of collaborative investigations into the
common and/or divergent pathways of tissue fibrosis in
different organs. In the lung, for example, excessive fibro-
proliferation and tissue remodeling can occur in response
to several defined environmental and occupational

exposures or systemic illnesses. However, in idiopathic
pulmonary fibrosis, the eliciting cause is unknown and the
mechanisms responsible for its progression are unclear,
but both genetic and environmental factors have been
implicated. Similar fibrosing phenomena appear in other
organs, but whether there are shared or divergent mecha-
nisms of action among them remains uncertain.>™*

To promote collaboration and the exchange of infor-
mation amongst investigative teams focused on distinct
organs, the American Thoracic Society convened the
Fibrosis Across Organ Symposium with the intention of
defining gaps in knowledge and priority areas for investi-
gation. The meeting was held in Denver, Colorado, USA,
in 2012, but the meeting proceedings were never pub-
lished. Considering the perceived importance of the
deliberations held, participants came together to sum-
marize the discussions in this document.

The organizers invited participants based on their
expertise in the investigation of fibrogenesis as evi-
denced by their international reputation, publications
and presentations at international conferences. Partici-
pants with expertise in fibrosis in lung, liver and heart,
among other organs, were asked to review topics rele-
vant to their area of expertise focusing on shared versus
organ-specific mechanisms of fibrogenesis from which
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key insights may be gleaned. Prior to the conference,
participants were asked to identify and submit “5 Ques-
tions” which they would like to answer over the next
several years of investigation, and to rank them in order
of priority. These questions served as a template for
discussion in both the plenary sessions and in the
breakout, workshop sessions. This technique is a modi-
fication of the Delbecq nominal-group interactive
method, and ensures that all participants’ positions are
aired in an anonymous and/or open-forum fashion.®
This technique further ensures that all participants’
thoughts are equally considered in the breakout groups
and in the final session where consensus recommenda-
tions are finalized by all participants. The following key
concepts of fibrogenesis were explored: (1) mecha-
nisms of injury leading to fibrosis, (2) mechanisms of
fibroproliferation, (3) mechanisms of wound healing and
(4) mechanisms of antifibrogenic therapies. Participants
with varied clinical and basic science backgrounds
were assigned to 1 of the 4 working groups focused on
these concepts. Each group was responsible for
reviewing our current knowledge, including in vitro and
in vivo model systems; identifying the important knowl-
edge gaps; and determining the critical “next ques-
tions” that need to be answered to allow progress,
while defining short- and long-term research priorities.
Following the initial plenary sessions, participants broke
into 1 of 4 working groups based on the key concepts
and generated key priority questions considered critical
for exploration to advance the field.

PRIORITIES AND GAPS IN KNOWLEDGE
IDENTIFIED

Working Group I—Mechanisms of Injury Leading to
Tissue Fibrosis

Although the specific tissue injury in some fibrosing
disorders is known, many fibroproliferative disorders are
idiopathic. This complicates the exploration of the mecha-
nisms leading to tissue fibrosis. However, there is a general
sense that, while a variety of tissue injuries might trigger a
set of cellular signals common to multiple tissues and dis-
orders, other signals may be tissue or organ-specific, and
that studying these divergent pathways might provide
important insight." By the date of the symposium, there
had been limited systematic efforts designed to identify
signaling pathways or patterns of gene expression unique
to fibrosis in specific organs, yet publicly available data
sets are available and can be interrogated for this purpose.

Priorities and Key Gaps of Knowledge
e What initiates the tissue injury in clinically significant
diseases characterized by tissue fibrosis?
¢ What profibrogenic pathways are common among dif-
ferent organs?
e What profibrogenic pathways are divergent among
different injured organs?
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Working Group ll—Mechanisms of Fibroproliferation

The fundamental mechanisms of fibroproliferation
have been intensely investigated over the past several
decades. These efforts have implicated genetic predis-
position, cellular inflammation, tissue remodeling, oxida-
tive and endoplasmic reticulum stress, autophagy and
aging, among other mechanisms in the initiation and
propagation of fibrosis.>® Models best suited to investi-
gate fibroproliferation are evolving, but remain narrowly
defined and context specific.

Priorities and Key Gaps of Knowledge

e What is the role of inflammation in tissue fibrosis and
does it differ amongst organs?

® How does aging predispose individuals to fibrosis?

e Which cellular components drive fibroproliferation
during the early and late stages after injury, and from
where do they originate?

Working Group lll—Mechanisms of Wound Healing

The response to injury, and more importantly its reso-
lution with minimal dysfunction, is an essential homeo-
static response regardless of the type and site of
injury.”® Significant emphasis has been placed on the
initiating events leading to cellular and tissue injury due
to the available animal models.’ These models generally
fail to simulate human disease, which is often character-
ized by chronic and progressive fibrosis. Additional
approaches which also emphasize the resolution phase
of injury might help accelerate our understanding of this
inherently complex process.

Priorities and Key Gaps of Knowledge

e \What promotes adaptive vs. maladaptive wound heal-
ing during the reparative process triggered after
injury?

e \What can be learned from comparing models of per-
manent versus reversible fibrosis?

e Are there models of tissue fibrosis that capture the
chronic and progressive fibroproliferative disorders
seen in humans?

e |s fibrosis permanent or can it be reversed, as seen in
fetal injuries and some disorders in adults?

Working Group IV—Mechanisms of Antifibrogenic
Therapies

The identification of efficacious therapies for chronic
fibrosing diseases has been challenging because of our
rudimentary understanding of the pathobiology of the
diseases in question.4 However, data generated in ani-
mal models and through clinical studies, and studies
using new genomic technologies, have unveiled obser-
vations that will inform future investigations particularly
in prognostication and novel therapies.'”'" These
approaches applied across different organ systems
might help identify common risk factors and mechanisms

THE AMERICAN JOURNAL OF THE MEDICAL SCIENCES
VOLUME 357 NUMBERS5 MAY 2019



as well as potential targets for intervention. (Note that
antifibrotic drugs approved for the management of IPF
emerged after this symposium was held.)

Priorities and Key Gaps of Knowledge

e What is the potential role of stem cells (e.g., iPS,
hematopoietic) and regulatory T cells in the develop-
ment and/or treatment of fibrosis?

e Are there polymorphisms / epigenetic modifications
that predispose individuals to fibrosis?

e How can the response to therapy be better assessed
clinically?

e Are there common biomarkers capable of defining
degree or stage of fibrosis?

e Are there imaging techniques able to quantify the
degree of fibrosis and response to therapy?

PRIORITIES FOR FUTURE INVESTIGATION

Following the breakout sessions and identification of
priority questions, the entire group developed the follow-
ing recommendations and identified opportunities for
future research directions.

¢ Develop a universal definition of fibrosis that may be
applied to different tissues, including standard ways
to measure and grade degree of fibrosis.

e Develop a systematic program to delineate the
mechanisms associated with aging that predispose
individuals to fibrosis and organ dysfunction.

¢ Continue investigations into embryonic wound heal-
ing and the distinct differences that limit fibrogenesis
in these tissues in contrast to those in adults.

e Determine how genetic and environmental factors
interact to predispose individuals to the develop-
ment of fibrosis.

e Develop and validate novel models that more
robustly simulate human fibrotic disease.

e Develop improved modalities to quantify fibroprolif-
eration so that more durable and practical endpoints
of therapy can be utilized.

¢ Continue the identification and validation of indirect
and direct biomarkers of fibrotic diseases.

e Promote the development of a cellular and tissue
repository of fibrotic tissue samples from multiple
organs to allow for rapid screening for potentially
“common” fibrogenesis pathways.

¢ Develop an integrated approach for subcellular to tis-
sue level investigations, combined with translational
and clinical research to comprehensively investigate
the complex and shared processes that directly or
indirectly lead to significant disability and death
related to fibrosing disorders.

e Perform comparative analyses of molecular, genetic
and epigenetic data generated in organ specific
human fibrosis.
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e Establish an interdisciplinary “Fibrosis Network” of
investigators to identify common interests and expe-
dite investigations.

e |dentify shared resources such as in vitro and in vivo
models of fibrosis as well as reagents to facilitate
investigations.

e Convene a workshop to further interrogate potential
mechanisms of fibrosis utilizing a comparative analy-
sis approach.

e Expand future Fibrosis Across Organs Symposia to a
more diverse field of investigators with enhanced
representation from experts in quantitative imaging,
pathology and systems biology.

CONCLUSIONS

The goal of the 2012 Fibrosis Across Organs Sym-
posium was to identify important gaps in our knowledge
of fibroproliferation, identify mechanisms shared across
or divergent among different organ systems, and estab-
lish a framework for research in the field. At the time the
symposium was held, organizers believed the concept
would take hold in the scientific community and
become an area of focus in the years that followed.
Since the symposium, the Fibrosis Across Organs con-
cept has had some success in moving fibrosis research
forward as several centers across the country now hold
regular meetings with their scientific experts in fibrosis
across organs, collaborations have formed to carry out
novel research projects in multiple areas of fibrotic dis-
ease, and new fibrosis research centers are being cre-
ated. More recently, the National Heart, Lung and Blood
Institute of the National Institutes of Health published
its recommendations for the next decade of work in
lung fibrosis and in its report identified fibrosis across
organs as a priority area. In 2015, the NIH established a
new mechanism for research funding for Fibrosis
Across Organs representing $10.8 million in funding for
multiorgan fibrosis projects until year 2020 (http://
grants.nih.gov/grants/guide/rfa-files/RFA-HL-16-003.
html). Although signs of progress driven by this effort
have emerged since the symposium, much more needs
to be done to take advantage of the knowledge gener-
ated through organ-specific tissue fibrosis research
and accelerate discovery through collaborative initia-
tives. It is the expectation of the organizing team that
through an integrated approach and collaborative
efforts, the priorities for future investigation identified
above will be systematically addressed to advance our
understanding of and care for patients with devastating
organ fibrosis.

AUTHORS' CONTRIBUTIONS

We applied a combined SDC, EC, FLAE and PCI
approach for the sequence of authors. First Authorship
will be shared by: JR, TRB and DJK.

Symposium conceptualization: TRB, JDT, GPC, DJK,
DED, KKB and SC.

Copyright © 2019 Published by Elsevier Inc. on behalf of Southern Society for Clinical Investigation. This is an open access article under the 407

CC BY-NC-ND license. (http://creativecommons.org/licenses/by-nc-nd/4.0/)

www.amjmedsci.com e www.ssciweb.org


http://grants.nih.gov/grants/guide/rfa-files/RFA-HL-16-003.html
http://grants.nih.gov/grants/guide/rfa-files/RFA-HL-16-003.html
http://grants.nih.gov/grants/guide/rfa-files/RFA-HL-16-003.html
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.amjmedsci.com
http://www.ssciweb.org

Roman et al

Symposium leadership, speaker and workgroup
leader selection and content management: GPC, TRB,
DJK, KKB, DED, SC and JDT.

Manuscript preparation and final approval: JR, TRB,
DJK, GPC, DED, AMT, LR, ESW, DAB, LMS, TDH, BlJ,
TAM, JDT, SC and KKB.

ACKNOWLEDGMENTS

Organizing Committee: Teresa R. Barnes, BA,
American Thoracic Society Public Advisory Roundtable,
Coalition for Pulmonary Fibrosis; Kevin K. Brown, MD,
National Jewish Health; Gregory P. Cosgrove, MD, Orga-
nizing Committee Chair, National Jewish Health; Ste-
phen Crane, PhD, MPH, American Thoracic Society;
Dennis E. Doherty MD FCCP, University of Kentucky;
Vlada Kaganovskaya, American Thoracic Society; Dolly
Kervitsky, RCP, CCRC, PF Strategies, Pulmonary Fibro-
sis Foundation, National Jewish Health; John D. Tosi,
DDS, University of Tennessee; Michelle Turenne, Ameri-
can Thoracic Society.

Working Group I—Mechanisms of injury leading to
fibrosis. Speakers: Zea Borok, MD; Sonye Danoff, MD,
PhD; Andreas Guenther, MD; Timothy McKinsey, PhD.
Breakout Session Leaders: Eric S. White, MD; Jerry Eu,
MD; Peter Henson, PhD, MD; Moises Selman, MD.

Working Group Il—Mechanisms of fibroproliferation.
Speakers: Erica Herzog, MD PhD; Claude Jourdan
LeSauux, PhD; David A. Brenner, MD; Harold Chapman,
MD. Breakout Session Leaders: Neil Henderson PhD;
Daniel Kass, MD; Timothy Blackwell, MD PhD; William
Travis, MD.

Working Group lll—Mechanisms of wound healing.
Speakers: Shawn Cowper, MD; Eric S. White, MD; Lynn
Schnapp, MD; Timothy Hewitson, PhD. Breakout
Session Leaders: Luca Richeldi, MD PhD; Jack Elias,
MD; Dennis E. Doherty, MD; Martin Kolb, MD, PhD.

Working Group IV—Mechanisms of antifibrotic therapies.
Speakers: David A. Schwartz, MD; Andrew M. Tager, MD;
Neil Henderson, MD, PhD; Bodh I. Jugdutt, MBchB,
MSc, MD, FRCP. Breakout Session Leaders: Tatiana
Kisseleva, PhD; Andrew M. Tager, MD; Jesse Roman,
MD; Ganesh Raghu, MD.

Symposium Participants: Vincent Andaloro, PhD,
Participant, InterMune, Inc.; Donna Appell, RN, Partici-
pant, Hermansky-Pudlak Syndrome Network; Teresa R.
Barnes, BA, Organizing Committee Member, Participant,
American Thoracic Society Public Advisory Roundtable,
Coalition for Pulmonary Fibrosis; Paula Belloni, PhD, Par-
ticipant, Genentech; Timothy Blackwell, MD, Breakout
Session Leader, Participant, Vanderbilt University Medi-
cal Center; Zea Borok, MD, Speaker Working Group |,
Participant, University of Southern California; David A.
Brenner, MD, Speaker Working Group I, Participant,

408

University of California San Diego; Kevin K. Brown, MD,
Organizing Committee Member, Breakout Session
Leader, Participant, National Jewish Health; Harold
Chapman, MD, Speaker Working Group I, Participant,
University of California San Francisco; Alan H. Cohen,
MD, Participant, InterMune, Inc; Harold R. Collard, MD,
Participant, University of California San Francisco; Craig
S. Conoscenti, MD, Participant, Boehringer Ingelheim;
Gregory P. Cosgrove, MD, Organizing Committee Chair,
Participant, National Jewish Health; Shawn Cowper, MD,
Speaker Working Group lll, Yale University School of
Medicine; Stephen Crane, PhD, MPH, Organizing Com-
mittee, Participant, American Thoracic Society; Sonye
Danoff, MD, PhD, Speaker Working Group |, Participant,
Johns Hopkins Medical Center; Dennis E. Doherty, MD,
Organizing Committee, Breakout Session Leader, Partic-
ipant, University of Kentucky; Jack Elias, MD, Breakout
Session Leader, Participant, Yale University School of
Medicine; Jerry Eu, MD, Breakout Session Leader, Par-
ticipant, National Institutes of Health: National Heart,
Blood and Lung Institute; Benadette Gochuico, MD, Par-
ticipant, National Human Genome Research Institute,
National Institutes of Health; Brian Graham, MD, Partici-
pant, University of Colorado Denver; Andreas Guenther,
MD, Speaker Working Group |, Participant, University of
Giessen & Marburg Lung Center; James Hagood, MD,
Participant, University of California San Diego; Neil Hen-
derson, MD, PhD, Breakout Session Leader, Participant,
Queen’s Medical Research Institute, University of Edin-
burgh; Peter Henson, PhD, DVM, MD, Breakout Session
Leader, Participant, National Jewish Health; Erica Her-
zog, M.D, PhD, Speaker Working Group Il, Participant,
Yale University School of Medicine; Tim Hewitson, PhD,
Speaker Working Group lll, Participant, The Royal Mel-
bourne Hospital; Charles Hoopes, MD, Participant, Uni-
versity of Kentucky; Michael Horton, PharMD,
Participant, Boehringer Ingelheim; Claude Jourdan-
LeSaux, PhD, Speaker Working Group I, Participant,
University of Texas Health Science Center at San Anto-
nio; Bodh I. Jugdutt, MD MSc, DM, Participant, Univer-
sity of Alberta, Edmonton; Satyajit Karnik, PhD,
Participant, Gilead Sciences, Inc.; Daniel J. Kass, MD,
Breakout Session Leader, Participant, University of Pitts-
burgh; Tamiko R. Katsumoto, MD, Participant, University
of California, San Francisco; Rebecca Keith, MD, Partici-
pant, University of Colorado Denver; Dolly J. Kervitsky,
RCP, CCRC, Organizing Committee Member, Partici-
pant, PF Strategies, Pulmonary Fibrosis Foundation,
National Jewish Health; Tatiana Kisseleva, MD, PhD,
Participant, University of California San Diego; Martin
Kolb, MD, PhD, Breakout Session Leader, Participant,
McMaster University; Abigail R. Lara, MD, Participant,
University of Colorado Denver; Carlin S. Long, MD, Par-
ticipant, University of Colorado Denver; David Lynch,
MD, Participant, National Jewish Health; Robert Mason,
MD, Participant, National Jewish Health; Timothy McKin-
sey, PhD, Speaker Working Group |, Participant, Univer-
sity of Colorado Denver; Annie Pardo, PhD, Participant,

THE AMERICAN JOURNAL OF THE MEDICAL SCIENCES
VOLUME 357 NUMBERS5 MAY 2019



National Institute of Respiratory Diseases, Mexico;
Ganesh Raghu, MD, Participant, University of Washing-
ton; Luca Richeldi, MD, PhD, Breakout Session Leader,
Participant, University of Southampton; Jesse Roman,
MD, Participant, University of Louisville; Daniel M. Rose,
MD, Participant, Pulmonary Fibrosis Foundation; Rozsa
Schlenker-Herceg, MD, Participant, Boehringer Ingel-
heim; Lynn M. Schnapp, MD, Speaker Working Group llI,
Participant, Medical University of South Carolina; David
A. Schwartz, MD, Participant, University of Colorado
Denver; Marvin |. Schwarz, MD, Participant, University of
Colorado Denver; Max Seibold, PhD, Participant,
National Jewish Health; Scott Seiwert, PhD, Participant,
InterMune, Inc.; Moises Selman, MD, Breakout Session
Leader, Participant, National Institute of Respiratory Dis-
eases, Mexico; Philip Simonian, MD, Participant, Univer-
sity of Colorado School of Medicine; Andrew M. Tager,
MD, Speaker Working Group IV, Breakout Session
Leader, Participant, Massachusetts General Hospital;
John D. Tosi, DDS, Organizing Committee Member, Par-
ticipant, Memphis, TN, Pulmonary Fibrosis Advocate;
William Travis, MD, FCCP, Breakout Session Leader,
Participant, Memorial Sloan-Kettering Cancer Center;
Eric S. White, MD, Speaker Working Group lll, Breakout
Session Leader, Participant, University of Michigan; Paul
Wolters, MD, Participant, University of California San
Francisco; Thomas Wynn, PhD, Participant, National
Institutes of Health; Weilin Xie, PhD, Participant, Cel-
gene; Zulma Barrios Yunt, MD, Participant, University of
Colorado Denver.

The authors would like to express their gratitude
to the American Thoracic Society, Michelle Turenne
and Vlada Kaganovskaya for their work at meeting
planning and scheduling, and their efforts and support
during the symposium. We also wish to thank our
generous symposium sponsors, Boehringer Ingelheim
Pharmaceuticals, Inc., Celgene Corporation, the Coali-
tion for Pulmonary Fibrosis, Genentech, Gilead Scien-
ces, Inc., Hermansky-Pudlak Syndrome Network, Inc.,
InterMune, Inc., the Pulmonary Fibrosis Foundation,
Sanofi US and Stromedix.

CONFLICT OF INTEREST

The symposium was convened by the American
Thoracic Society and supported by sponsorships
from the following organizations; Boehringer Ingelheim
Pharmaceuticals, Inc., Celgene Corporation, the Coali-
tion for Pulmonary Fibrosis, Genentech, Gilead Scien-
ces, Inc., Hermansky-Pudlak Syndrome Network, Inc.,
InterMune, Inc., the Pulmonary Fibrosis Foundation,
Sanofi US and Stromedix. Symposium sponsors had
no input in the development of the symposium con-
tent, selection of speakers or in the development of
this manuscript.

GPC has served as site Pl or collaborator in industry-
sponsored clinical trials (Genzyme and Bristol Myers

Fibrosis Across Organs Symposium Proceedings

Squibb). He serves as the Chief Medical Officer of the
Pulmonary Fibrosis Foundation and has served as an
advisor to InterMune and Boehringer Ingelheim. DJK
reports personal fees from Boehringer-Ingelheim, out-
side the submitted work; and was formerly Vice Presi-
dent of Patient Relations and Medical Affairs at the
Pulmonary Fibrosis Foundation. TRB reports nonfinan-
cial support from American Thoracic Society, personal
fees from Coalition for Pulmonary Fibrosis, grants from
InterMune, outside the submitted work. JR has served as
site Pl or collaborator in industry-sponsored clinical trials
(Gilead, InterMune, ImmuneWorks, Boehringer Ingel-
heim, Bristol Myers Squibb) and is funded by the
National Institutes of Health and the Department of Vet-
erans Affairs. He serves on the Boards of the Pulmonary
Fibrosis Foundation and the American Lung Association-
Midland States. ESW reports grants from NIH, during the
conduct of the study; personal fees from Boehringer-
Ingelheim, personal fees from Kadmon Corporation, out-
side the submitted work. He serves on the Medical Advi-
sory Board of the Pulmonary Fibrosis Foundation. AMT
has received grant support from the National Institutes of
Health, Biogen, Boehringer Ingelheim and InterMune,
and has served on the Scientific Advisory Board of Amira
Pharmaceuticals and PharmAkea Therapeutics, and the
Medical Advisory Board of the Pulmonary Fibrosis Foun-
dation. LR reports grants and personal fees from Boeh-
ringer Ingelheim, during the conduct of the study; grants
and personal fees from InterMune, personal fees from
Medimmune, personal fees from Biogen-ldec, personal
fees from Sanofi-Aventis, personal fees from Roche, per-
sonal fees from Takeda, personal fees from Immune-
Works, personal fees from Shionogi, outside the
submitted work. T.D.H. reports grants from The National
Health and Medical Research Council of Australia
(NHMRC), nonfinancial support from Novartis, outside
the submitted work. TAM has nothing to disclose. KKB
reports no relevant potential conflicts. DED reports per-
sonal fees: honoraria from Boehringer Ingelheim for lec-
tures on pulmonary fibrosis outside of submitted work.
DAB has nothing to disclose. SC was formerly the Exec-
utive Director of the American Thoracic Society (ATS)
and has no other disclosures to report. The ATS received
grants from Boehringer Ingelheim Pharmaceuticals, Inc.,
Celgene Corporation, the Coalition for Pulmonary Fibro-
sis, Genentech, Gilead Sciences, Inc., Hermansky-
Pudlak Syndrome Network, Inc., InterMune, Inc., the Pul-
monary Fibrosis Foundation, Sanofi US, and Stromedix,
in support of the conduct of the symposium. SC reports
grants from Boehringer Ingelheim, grants from Genen-
tech, grants from InterMune, grants from Gilead, grants
from Sanofi, grants from Celgene, grants from Herman-
sky Pudlak Foundation, grants from Coalition for Pulmo-
nary Fibrosis, grants from Stromedix, grants from
Pulmonary Fibrosis Foundation, during the conduct of
the study. BIJ has nothing to disclose. JDT has nothing
to disclose.

Copyright © 2019 Published by Elsevier Inc. on behalf of Southern Society for Clinical Investigation. This is an open access article under the 409

CC BY-NC-ND license. (http://creativecommons.org/licenses/by-nc-nd/4.0/)

www.amjmedsci.com e www.ssciweb.org


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.amjmedsci.com
http://www.ssciweb.org

Roman et al

REFERENCES

1.

Rockey DC, Bell PD, Hill JA. Fibrosis—a common pathway to organ
injury and failure. NEJM. 2015;373:96.

. Blackwell TS, Tager AM, Borok Z, et al. Future directions in idiopathic

pulmonary fibrosis research. An NHLBI workshop report. Am J Respir Crit
Care Med. 2014;189:214-222.

. Cherniack RM, Crystal RG, Kalica AR. NHLBI workshop summary.

Current concepts in idiopathic pulmonary fibrosis: a road map for the
future. Am Rev Respir Dis. 1991;143:680-683.

. Mason RJ, Schwarz MI, Hunninghake GW, et al. NHLBI workshop

summary. Pharmacological therapy for idiopathic pulmonary fibrosis.
Past, present, and future. Am J Respir Crit Care Med. 1999;160:
1771-1777.

. Gustafson DH, Delbecq AL, Hansen M, et al. Design of a health pol-

icy research and development system for Wisconsin. Inquiry. 1975;12:
251-262.

. Thannickal VJ, Henke CA, Horowitz JC, et al. Matrix biology of idio-

pathic pulmonary fibrosis: a workshop report of the national heart, lung,
and blood institute. Am J Pathol. 2014;184:1643-1651.

410

. Zhou Y, Peng H, Sun H, et al. Chitinase 3-like 1 suppresses injury and

promotes fibroproliferative responses in mammalian lung fibrosis. Sci
Transl Med. 2014;6. 240—276.

. Levine D, Rockey DC, Milner TA, et al. Expression of the integrin

alpha8betal during pulmonary and hepatic fibrosis. Am J Pathol.
2000;156:1927-1935.

. Brass DM, Yang IV, Kennedy MP, et al. Fibroproliferation in LPS-

induced airway remodeling and bleomycin-induced fibrosis share common
patterns of gene expression. Immunogenetics. 2008;60:353-369.

. Kage H, Borok Z. Emt and interstitial lung disease: a mysterious relation-

ship. Curr Opin Pulm Med. 2012;18:517-523.

. Willis BC, Borok Z. TGF-beta-induced emt: mechanisms and implica-

tions for fibrotic lung disease. Am J Physiol. 2007;293:L.525-1.534.

Submitted February 14, 2019; accepted February 14, 2019.
TRB was formerly with National Jewish Health.

Correspondence: Dolly Kervitsky, RCP, CCRC, CNP, P.O. Box 16100,

Golden, CO 80402. (E-mail: dolly@pfstrategies.org).

THE AMERICAN JOURNAL OF THE MEDICAL SCIENCES
VOLUME 357 NUMBERS5 MAY 2019


http://refhub.elsevier.com/S0002-9629(19)30076-X/sbref0001
http://refhub.elsevier.com/S0002-9629(19)30076-X/sbref0001
http://refhub.elsevier.com/S0002-9629(19)30076-X/sbref0002
http://refhub.elsevier.com/S0002-9629(19)30076-X/sbref0002
http://refhub.elsevier.com/S0002-9629(19)30076-X/sbref0002
http://refhub.elsevier.com/S0002-9629(19)30076-X/sbref0003
http://refhub.elsevier.com/S0002-9629(19)30076-X/sbref0003
http://refhub.elsevier.com/S0002-9629(19)30076-X/sbref0003
http://refhub.elsevier.com/S0002-9629(19)30076-X/sbref0004
http://refhub.elsevier.com/S0002-9629(19)30076-X/sbref0004
http://refhub.elsevier.com/S0002-9629(19)30076-X/sbref0004
http://refhub.elsevier.com/S0002-9629(19)30076-X/sbref0004
http://refhub.elsevier.com/S0002-9629(19)30076-X/sbref0005
http://refhub.elsevier.com/S0002-9629(19)30076-X/sbref0005
http://refhub.elsevier.com/S0002-9629(19)30076-X/sbref0005
http://refhub.elsevier.com/S0002-9629(19)30076-X/sbref0006
http://refhub.elsevier.com/S0002-9629(19)30076-X/sbref0006
http://refhub.elsevier.com/S0002-9629(19)30076-X/sbref0006
http://refhub.elsevier.com/S0002-9629(19)30076-X/sbref0007
http://refhub.elsevier.com/S0002-9629(19)30076-X/sbref0007
http://refhub.elsevier.com/S0002-9629(19)30076-X/sbref0007
http://refhub.elsevier.com/S0002-9629(19)30076-X/sbref0008
http://refhub.elsevier.com/S0002-9629(19)30076-X/sbref0008
http://refhub.elsevier.com/S0002-9629(19)30076-X/sbref0008
http://refhub.elsevier.com/S0002-9629(19)30076-X/sbref0009
http://refhub.elsevier.com/S0002-9629(19)30076-X/sbref0009
http://refhub.elsevier.com/S0002-9629(19)30076-X/sbref0009
http://refhub.elsevier.com/S0002-9629(19)30076-X/sbref0010
http://refhub.elsevier.com/S0002-9629(19)30076-X/sbref0010
http://refhub.elsevier.com/S0002-9629(19)30076-X/sbref0011
http://refhub.elsevier.com/S0002-9629(19)30076-X/sbref0011
mailto:dolly@pfstrategies.org

	The Fibrosis Across Organs Symposium: A Roadmap for Future Research Priorities
	HISTORICAL CONTEXT
	PRIORITIES AND GAPS IN KNOWLEDGE IDENTIFIED
	Working Group I-Mechanisms of Injury Leading to Tissue Fibrosis
	Priorities and Key Gaps of Knowledge

	Working Group II-Mechanisms of Fibroproliferation
	Priorities and Key Gaps of Knowledge

	Working Group III-Mechanisms of Wound Healing
	Priorities and Key Gaps of Knowledge

	Working Group IV-Mechanisms of Antifibrogenic Therapies
	Priorities and Key Gaps of Knowledge


	PRIORITIES FOR FUTURE INVESTIGATION
	CONCLUSIONS
	AUTHORS' CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST 

	REFERENCES


