
 

 

UNITED STATES
SECURITIES AND EXCHANGE COMMISSION

Washington, D.C. 20549
 

FORM 8-K
 

 

CURRENT REPORT
Pursuant to Section 13 or 15(d)

of the Securities Exchange Act of 1934

May 23, 2017
Date of Report (Date of earliest event reported)

 

ATYR PHARMA, INC.
(Exact name of registrant as specified in its charter)

 
 
     

Delaware  001-37378  20-3435077
(State or other jurisdiction

of incorporation)

 

(Commission
File Number)

 

(IRS Employer
Identification No.)

 
3545 John Hopkins Court, Suite #250

San Diego, California 92121
 

(Address of principal executive offices, including zip code)
 

(858) 731-8389

 (Registrant’s telephone number, including area code)

 

Check the appropriate box below if the Form 8-K filing is intended to simultaneously satisfy the filing obligations of the registrant under any of the
following provisions:
 

☐ Written communications pursuant to Rule 425 under the Securities Act (17 CFR 230.425)
 

☐ Soliciting material pursuant to Rule 14a-12 under the Exchange Act (17 CFR 240.14a-12)
 

☐ Pre-commencement communications pursuant to Rule 14d-2(b) under the Exchange Act (17 CFR 240.14d-2(b))
 

☐ Pre-commencement communications pursuant to Rule 13e-4(c) under the Exchange Act (17 CFR 240.13e-4(c))
 
Indicate by check mark whether the registrant is an emerging growth company as defined in Rule 405 of the Securities Act of 1933 or Rule 12b-2 of the
Securities Exchange Act of 1934.

Emerging growth company     ☒

If an emerging growth company, indicate by check mark if the registrant has elected not to use the extended transition period for complying with any new or
revised financial accounting standards provided pursuant to Section 13(a) of the Exchange Act.     ☒

 



 
Item 7.01 Regulation FD Disclosure.

aTyr Pharma, Inc. (the “Company”) is participating at the American Thoracic Society’s (ATS) 113 th International Conference to be held May 19 –
24, 2017 in Washington D.C. and will be presenting two poster presentations at such conference.  The posters are titled “Resokine Modulates Immune Cell
Infiltration into the Lung and Provides Therapeutic Activity in a Bleomycin-Induced Lung Fibrosis Model,” to be presented on May 23, 2017, and “The
Resokine Pathway is Implicated in the Pathology of Interstitial Lung Disease,” to be presented on May 24, 2017. These posters are attached hereto as Exhibit
99.1 and Exhibit 99.2, respectively.

In conjunction with the ATS poster presentations, the Company will host an educational webinar on Tuesday, May 23, 2017 at 8:30 a.m.
ET featuring Steven D. Nathan, M.D., FCCP, Director of the Advanced Lung Disease Program and Medical Director of the Lung Transplant Program at Inova
Fairfax Hospital, to provide disease education on interstitial lung diseases that are characterized by an immune or fibrotic component. The Company will also
provide an overview of the iMod.Fc program (Stalaris) in development for the potential treatment of patients with severe, rare pulmonary diseases
characterized by an immune or fibrotic component for whom there are limited treatment options. A copy of the presentation materials for such educational
webinar is attached hereto as Exhibit 99.3.  The Company does not undertake to update the presentation materials.  

The information under this Item 7.01, including Exhibits 99.1, 99.2 and 99.3 hereto, is being furnished and shall not be deemed “filed” for the
purposes of Section 18 of the Securities Exchange Act of 1934, as amended (the “Exchange Act”), or otherwise subject to the liabilities of that section, nor
shall such information be deemed incorporated by reference into any filing under the Securities Act of 1933, as amended, or the Exchange Act, except as
expressly set forth by specific reference in such filing.
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Item 9.01                                            Exhibits.
 
(d) Exhibits.
 

99.1  Poster presentation titled “Resokine Modulates Immune Cell Infiltration into the Lung and Provides
Therapeutic Activity in a Bleomycin-Induced Lung Fibrosis Model.”

99.2  Poster presentation titled “The Resokine Pathway is Implicated in the Pathology of Interstitial Lung
Disease.”

99.3  Educational Webinar Materials of aTyr Pharma, Inc. dated May 23, 2017.
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SIGNATURE

 
Pursuant to the requirements of the Securities Exchange Act of 1934, the registrant has duly caused this report to be signed on its behalf by the

undersigned hereunto duly authorized.
 

ATYR PHARMA, INC.
   
   
 By: /s/ John T. Blake
  John T. Blake
  Senior Vice President, Finance
   
Date: May 23, 2017
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INDEX TO EXHIBITS

 
99.1  Poster presentation titled “Resokine Modulates Immune Cell Infiltration into the Lung and Provides

Therapeutic Activity in a Bleomycin-Induced Lung Fibrosis Model.”

99.2  Poster presentation titled “The Resokine Pathway is Implicated in the Pathology of Interstitial Lung
Disease.”

99.3  Educational Webinar Materials of aTyr Pharma, Inc. dated May 23, 2017.
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* *  Im m u n e S y stem  C o m p lex  tissu e h o m eo stasis h u m an  V ascu lar S y stem s C lo sed  tissu e h o m eo stasis R eso k in e Mo d u lates Im m u n e C ell In filtratio n  In to  th e L u n g  an d  P ro v id es T h erap eu tic A ctiv ity  in  a B leo m y cin -in d u ced  L u n g  F ib ro sis Mo d el K .M. O g ilv ie, M.T . D o , K .P . C h ian g , R .A . A d am s, S .P . C ram p to n , L .A . N an g le, A .B . C u b itt, J.C . McK ew , M.A . A sh lo ck , J.D . Men d lein  aT y r P h arm a, S an  D ieg o , C A , U S A  In tro d u ctio n  an d  R atio n ale P ro tein  sy n th esis O rig in al p rim o rd ial fu n ctio n  In tracellu lar 2 3  g en es in  h u m an s P h y sio crin e reg io n s o f tR N A  sy n th etases in  a g en e G en etic E v o lu tio n  4  b illio n  y ears o f learn in g  b acteria fish  w o rm  h u m an  R eg en erativ e S y stem s O p en  tissu e h o m eo stasis B acteria P ro tein  sy n th esis C o m p lex  sy stem s ev o lv ed  E x tracellu lar F u n ctio n  ~ 3 0 0  P h y sio crin es T issu e h o m eo stasis P o ten tial n ew  fu n ctio n s P h y sio crin es: N o v el, P rim al E x tracellu lar S ig n alin g  R eg io n s D u rin g  th e ev o lu tio n  o f co m p lex  o rg an ism s, am in o acy l-tR N A  sy n th etases (A A R S ) acq u ired  n ew  d o m ain s w ith o u t an  in tracellu lar en zy m atic ro le. A  n u m b er o f th ese d o m ain s, as w ell as A A R S  p ro tein s, p o ssess ex tracellu lar activ ities an d  p lay  im p o rtan t ro les in  h o m eo stasis1 . H istid y l-tR N A  sy n th etase (H A R S ) an d  its sp lice v arian ts ex h ib it ex tracellu lar activ ities, w h ich  are referred  to  as th e R eso k in e p ath w ay . 1 L o  et al. H u m an  tR N A  S y n th etase C ataly tic N u lls w ith  D iv erse F u n ctio n s. S cien ce, 2 0 1 4 . H o m eo stasis H o m eo stasis d isru p ted  o d  D o m ain  iM A n tisy n th etase sy n d ro m e m an ifests in  lu n g  as P M/D M-IL D  F u n ctio n al K n o ck o u t o f R eso k in e A sso ciated  With  My o sitis an d  In terstitial L u n g  D isease P atien ts w ith  au to -an tib o d ies sp ecific fo r R eso k in e (Jo -1 ) h av e n o tab le T -cell in filtratio n  p articu larly  in to  m u scle an d  lu n g  tissu es, w h ich  m ay  m an ifest as su scep tib ility  to  m y o sitis an d  in terstitial lu n g  d isease (IL D ). T h erefo re, b lo ck in g  o f p o ten tial im m u n o m o d u lato ry  fu n ctio n s o f R eso k in e m ay  b e p articu larly  im p o rtan t in  th ese d iseases. D M, d erm ato m y o sitis; P M, p o ly m y o sitis. C o n tro l S tatin  d ay s 1 – 1 4  A n im als With  E lev ated  T ro p o n in -I C D 8 a MC P 1  IL 6  0 .3  m g /k g  R eso laris™ d ay s 7 – 1 4  S tatin  d ay s 1 – 1 4  1 .0  m g /k g  R eso laris™ d ay s 7 – 1 4  S tatin  d ay s 1 – 1 4  3 .0  m g /k g  R eso laris™ d ay s 7 – 1 4  S tatin  d ay s 1 – 1 4  My o p ath y  w as in d u ced  in  fem ale S p rag u e D aw ley  rats w ith  1  m g /k g  ceriv astatin  ad m in istered  d aily  fo r 7  d ay s an d  th en  ev ery  o th er d ay  u n til term in atio n(D ay  1 5 ). R eso laris w as ad m in istered  d aily  fro m  d ay s 7 – 1 4 . T erm in al h isto lo g y  (h em o to x y lin  an d  eo sin ), seru m  tro p o n in  I, an d  m u scle m R N A  ex p ressio n  d ata are sh o w n . R eso laris A d m in istratio n  A m elio rates S tatin -in d u ced  My o p ath y  H y p o th esis: A d m in istratio n  o f R eso k in e p ro tein s m ay  am elio rate lu n g  d isease D ay  1 4  D ay  2 1  -6 0 0  -5 0 0  -4 0 0  -3 0 0  -2 0 0  -1 0 0  0  H o u n sfield  u n it (H U ) *  V eh icle-IV  D ay s 8 -2 1  m R eso laris D ay s 8 -2 1  N o rm al L u n g  N o  B L M D ex -P O  D ay s 0 – 2 1  V eh icle-IV  D ay s 8 – 2 1  m R eso laris D ay s 8 – 2 1  0  1  2  3  4  5  6  A sh cro ft S co re * * *  * * *  *  iMo d  D ay s 8 – 2 1  N o  B L M V eh icle, IV  m R eso laris iMo d  V eh icle m R eso laris R eso k in e P ro tein s Im p ro v e L u n g  C T  S can  an d  A m elio rate L u n g  F ib ro sis T h e first 5  an im als fro m  g ro u p s treated  w ith  V eh icle IV  o r m R eso laris (3  m g /k g ) w ere su b ject to  co m p u ted  to m o g rap h y  (C T ) scan  o n  D ay  1 4  (i.e., after 1  w eek  o f p ro tein  treatm en t). H o u n sfield  u n its w ere m easu red  fro m  8  reg io n s o f in terest (R O I) selected  at 2  an ato m ical p lan es fro m  th e series o f ~ 1 0 0  im ag es p er an im al. T h e 8  R O Is w ere av erag ed  fo r each  an im al an d  are rep resen ted  o n  th e g rap h . N o te th at B L M cau ses an  in crease in  H o u n sfield  u n its an d  m R eso laris treatm en t red u ces it to w ard  n o rm al (* p  <  0 .0 5 , S tu d en t’s t test). L u n g  tissu es co llected  o n  D ay  2 1  (i.e., after 2  w eek s o f p ro tein  treatm en t) w ere stain ed  w ith  Masso n ’s T rich ro m e stain . A sh cro ft sco res w ere assig n ed  to  2 0  field s p er an im al an d  av erag ed . B L M in d u ced  an  in crease in  fib ro sis. m R eso laris (3  m g /k g  IV ) an d  d ex am eth aso n e (0 .2 5  m g /k g  P O ) sig n ifican tly  am elio rated  fib ro sis as m easu red  b y  h isto lo g ical A sh cro ft sco rin g  (* p  <  0 .0 5 ; * * * p  <  0 .0 0 1  v s. V eh icle IV . O n e-w ay  A N O V A  fo llo w ed  b y  D u n n ett’s p o st h o c test). iMo d  (2 .5  m g /k g  IV ) treated  sam p les d id  n o t reach  statistical sig n ifican ce. B L M, b leo m y cin ; P O , p er o s, o ral d o sin g . A sh cro ft In d ex  S co re p er F ield  (0 -8 ) 0  1  2  3  4  5  * * *  * * *  * * *  N o  B L M B L M V eh  P O  B ID  D 8 – D 2 1  B L M P irf 0 .2 5  m g /k g  2 0 0  m g /k g  P O  Q D P O  B ID  D 0 – D 2 1  D 8 – D 2 1  B L M V eh  IV  Q D  D 8 – D 2 1  B L M R eso laris 3  m g /k g  IV  Q D  D 8 – D 2 1  B L M iMo d .F c 0 .4  m g /k g  IV  Q W D 8 , D 1 5  B L M D ex  * * *  * * *  * * *  E x p erim en t 1 E x p erim en t 2  iMo d .F c ad m in istered  th erap eu tically  at 0 .4  m g /k g  Q W d riv es efficacy  co m p arab le to  o r g reater th anp irfen id o n e, an ti-T G F b  an tib o d ies, an d  d ex am eth aso n e E x p erim en t 1 : L u n g  tissu es co llected  o n  D ay  2 1  (i.e., after 2  w eek s o f p ro tein  treatm en t) w ere stain ed  w ith  Masso n ’s T rich ro m e stain . A sh cro ft sco res w ere assig n ed  to  8 -1 0  field s p er an im al; all an aly zed  field s are rep resen ted . B L M in d u ced  an  in crease in  h isto lo g ical fib ro sis. m R eso laris (3  m g /k g  d aily ) an d  iMo d .F c (0 .4  m g /k g  o n ce w eek ly ) sig n ifican tly  am elio rated  fib ro sis as m easu red  b y  h isto lo g ical A sh cro ft sco rin g . iMo d , T G F b  b lo ck ad e an d  p irfen id o n e d id  n o t h av e sig n ifican t effects o n  fib ro sis (* p  <  0 .0 5 ; * * * p  <  0 .0 0 1  v s. V eh icle IV , K ru sk al-Wallis A N O V A  fo llo w ed  b y  T u k ey ’s p o st h o c test). E x p erim en t 2 : L u n g  tissu es co llected  o n  D ay  2 1  (i.e., after 2  w eek s o f p ro tein  treatm en t) w ere stain ed  w ith  Masso n ’s T rich ro m e stain . A sh cro ft sco res w ere assig n ed  to  2 0  field s p er an im al; all an aly zed  field s are rep resen ted . B L M in d u ced  an  in crease in  h isto lo g ical fib ro sis. R eso laris (3  m g /k g  d aily ) an d  iMo d .F c (0 .4  m g /k g  o n ce w eek ly ) sig n ifican tly  am elio rated  fib ro sis as m easu red  b y  h isto lo g ical A sh cro ft sco rin g  (* * * p  <  0 .0 0 1  v s. R esp ectiv e V eh icle, K ru sk al-Wallis A N O V A  fo llo w ed  b y  T u k ey ’s p o st h o c test). P O , p er o s, o ral d o sin g . 0  1  2  3  4  5  * * *  A sh cro ft In d ex  S co re p er F ield  (0 -8 ) *  *  * * *  B L M V eh icle IV  Week ly  T h erap eu tic D o sin g  o f iMo d .F c A m elio rates F ib ro sis in  B leo m y cin - in d u ced  L u n g  In ju ry  L u n g  G en e E x p ressio n  IL 2 3 r * *  B A L F  IP -1 0  C y to k in e (p g /m L ) C y to k in e (p g /m L ) B A L F  C ell C o u n t C y to k in e (p g /m L ) C o llag en  (u g /m L ) 0  5 0  1 0 0  B A L F  IL -6  0  2 0  4 0  6 0  8 0  B A L F  so lu b le co llag en  0  2 0 0  4 0 0  6 0 0  8 0 0  1 0 0 0  B L M V eh  IV  Q D  D 8 – D 2 1  B ro n ch io lar-alv eo lar lav ag e flu id  (B A L F ) cell co u n ts: A t eu th an asia, th e lu n g s w ere flu sh ed  tw ice w ith  p h o sp h ate-b u fferin g  salin e (P B S ) an d  flu id  w as co llected . B A L F  w as cen trifu g ed , th e ery th ro cy tes w ere ly sed , an d  th e rem ain in g  cells w ere resu sp en d ed  in  P B S . A fter stain in g  w ith  try p an  b lu e, cells w ere co u n ted  u sin g  a h em o cy to m eter. R eso laris sig n ifican tly  d ecreased  th e n u m b er o f im m u n e cells p resen t in  th e B A L F . T h e n u m b er o f cells co u n ted  w as n o t sig n ifican tly  ch an g ed  b y  d ex am eth aso n e o r n in ted an ib  in  co m p ariso n  to  V eh icle P O  (* p  <  0 .0 5 ; * * p  <  0 .0 1  v s. V eh icle IV . O n e-w ay  A N O V A  fo llo w ed  b y  D u n n ett’s p o st h o c test). S o lu b le m ark ers in  B A L F : B A L F  su p ern atan ts w ere co llected  aftercen trifu g atio n  as d escrib ed  ab o v e an d  so lu b le m ark ers m easu red  u sin g  co m m ercially  av ailab le k its. R eso k in e p ro tein s sig n ifican tly  d ecreased  IP -1 0  an d  T G F b , an d  a ten d en cy  fo r lo w erin g  w as o b serv ed  o n  sev eral o th er im m u n e an d  fib ro tic m ark ers, in clu d in g  IL -6  an d  so lu b le co llag en  (* p  <  0 .0 5 ; * * p  <  0 .0 1  v s. V eh icle IV , K ru sk al-Wallis A N O V A  fo llo w ed  b y  D u n n ’s p o st h o c test). L u n g  g en e ex p ressio n : A  sm all sam p le o f lu n g  w as co llected , fro zen , an d  su b seq u en tly  p ro cessed  to  iso late R N A . P C R  w as co n d u cted  u sin g  th e F lu id ig m  p latfo rm . m R eso laris sig n ifican tly  d ecreased  ex p ressio n  o f sev eral im m u n e cell g en es (* p  <  0 .0 5 ; * * p  <  0 .0 1  v s. V eh icle IV , S tu d en t’s t test). P O , p er o s, o ral d o sin g . C o n clu sio n s T h e R eso k in e p ath w ay  is fu n ctio n al in  th e lu n g s o f ro d en ts. T h erap y  w ith  R eso k in e p ro tein s w as efficacio u s an d  am elio rated  b leo m y cin -in d u ced  lu n g  fib ro sis. C ertain  R eso k in e p ath w ay  p ro tein s m ay  b e w o rth y  o f ex p lo ratio n  fo r th eir th erap eu tic effects in  h u m an  lu n g  d iseases, su ch  as in terstitial lu n g  d isease. A ck n o w led g em en ts S cien tists an d  stu d y  d irecto rs at S telic MC , T N O , an d  B io m o d els w h o  co n d u cted  th e ex p erim en ts o n  aT y r P h arm a’s b eh alf. aT y r scien tists K en n y  d ’A rig o  an d  N ico le S ch u ltz w h o  w ere resp o n sib le fo r P K  an aly sis an d  P C R  co n d u ct, resp ectiv ely . G rap h ics su p p o rt w as p ro v id ed  b y  O x fo rd  P h arm aG en esis, In c. an d  w as fu n d ed  b y  aT y r P h arm a, In c. D isclo su re T h is stu d y  w as fu n d ed  b y  aT y r P h arm a, In c. A n tico d o n -b in d in g  D o m ain  iMo d  D o m ain  Mo lecu le D o se (m g /k g ) C 0  (n g /m L ) V d  (m L /k g ) C L  (m L * h /k g ) T 1 /2 A U C in f (h )(n g * h /m L ) iMo d  8  1 4 5 ,4 5 5  1 1 9  5 7 4  0 .5  1 3 ,9 4 4  R eso laris 1 0  9 7 ,7 7 4  1 2 8  7 5  2 .5  1 3 ,4 9 1  iMo d .F c 1 0  1 ,4 0 7 ,5 5 3  2 6 5  1 .8  9 4  6 3 3 ,9 3 7  P ro tein s u sed  in  th ese ex p erim en ts are d ep icted  ab o v e. T h e en d o g en o u s P h y sio crin e, R eso k in e, is sy n o n y m o u s w ith  en d o g en o u s ex tracellu lar h istid y l-tR N A  sy n th etase (H A R S ). T h e d o m ain  stru ctu re is rep resen ted  to p  left, w h ereas th e 3 -d im en sio n al stru ctu re is rep resen ted  to p  rig h t. R eso laris is a reco m b in an t v ersio n  o f th e n atu ral p ro tein  ex p ressed  in  E . co li (m id d le d o m ain  stru ctu re) w ith  a slig h tly  tru n cated  C -term in u s. In  so m e ex p erim en ts, th e m o u se v ersio n  o f R eso laris (m R eso laris) w as u sed . T h e im m u n o m o d u lato ry  d o m ain  (iMo d ) is rep resen ted  to  th e rig h t. iMo d .F c isrep resen ted  in  th e lo w er left (p rim ary  d o m ain  stru ctu re) an d  far rig h t (3 -d im en sio n al m o d el). P K  p aram eters o b tain ed  in  S p rag u e D aw ley  rats are sh o w n  in  th e tab le. A U C in f, area u n d er th e cu rv e ex trap o lated  to  in fin ity ; C 0 , in itial co n cen tratio n ; C L , clearan ce; P K , p h arm aco k in etics; T 1 /2 , h alf-life; V d , v o lu m e o f d istrib u tio n . 0  8  1 5  2 1  B leo m y cin  T erm in atio n  D ay s: A )B ) B A L F  T G F - b 1  0  2 0  1 0  3 0  4 0  5 0  *  S o lu b le Mark ers in  B A L F  B A L F  C ell C o u n t Im m u n e an d  F ib ro tic Mark ers A tten u ated  b y  R eso k in e P ro tein s Meth o d s R eso k in e P ro tein s R eso k in e P ro tein s G en eral E x p erim en tal Meth o d s C 5 7 B l/6  m ice receiv ed  a sin g le ad m in istratio n  o f salin e (n o n -d iseased  co n tro l) o r b leo m y cin  (2 -3  U /k g ) in tratrach eally . B leo m y cin -in d u ced  an im als receiv ed  R eso k in e p ro tein s o r V eh icle ad m in istered  in trav en o u sly  at d o se lev els an d  freq u en cies sh o w n  in  th e fig u re leg en d s fro m  D ay  8  th ro u g h  term in atio n . A n ti-T G F b  an tib o d y -, p irfen id o n e-, n in ted an ib -, o r d ex am eth aso n e-treated  g ro u p s w ere in clu d ed  fo r co m p ariso n . A ll an im als w ere w eig h ed  an d  ev alu ated  fo r resp irato ry  d istress d aily . C T  scan s w ere co n d u cted  in  o n e ex p erim en t. Mice w ere eu th an ized  o n  D ay  2 1  an d  tissu es co llected , stain ed , an d  ev alu ated  fo r fib ro sis an d  o th er h isto lo g ical ch an g es b y  train ed  p erso n n el w h o  w ere b lin d  to  treatm en t co n d itio n s. D ata are ex p ressed  as m ean  ±  S E M. C T , co m p u ted  to m o g rap h y ; T G F , tran sfo rm in g  g ro w th  facto r. P resen ted  at th e A m erican  T h o racic S o ciety  In tern atio n al C o n feren ce; 1 9 – 2 4  May  2 0 1 7 ; Wash in g to n , D C , U S A . R esu lts A ) B ) C ) A 6 4 2 8  0 .2 5  m g /k g  P O  Q D  D 0 – D 2 1  6 0  m g /k g  P O  Q D  D 0 – D 2 1  B L M iMo d  2 .5  m g /k g  IV  Q D  D 8 – D 2 1  B L M m R eso laris 3  m g /k g  IV  Q D  D 8 – D 2 1  B L M V eh  IV  Q D  D 8 – D 2 1  B L M iMo d  2 .5  m g /k g  IV  Q D  D 8 – D 2 1  B L M m R eso laris 3  m g /k g  IV  Q D  D 8 – D 2 1  1 5 0  B L M V eh  IV  Q D  D 8 – D 2 1  B L M iMo d  2 .5  m g /k g  IV  Q D  D 8 – D 2 1  B L M m R eso laris 3  m g /k g  IV  Q D  D 8 – D 2 1  L u n g  G en e E x p ressio n  B L M V eh  IV  Q D  D 8 – D 2 1  B L M iMo d  2 .5  m g /k g  IV  Q D  D 8 – D 2 1  B L M m R eso laris 3  m g /k g  IV  Q D  D 8 – D 2 1  N o  B L M B L M V eh icle P O  B L M T G F b  A b  3  m g /k g  IP  Q O D  D 0 – D 2 1  B L MP irfen id o n e 1 0 0  m g /k g  P O  B ID  D 8 – D 2 1  B L M iMo d  2 .5  m g /k g  IV  Q D  D 8 – D 2 1  B L M m R eso laris 3  m g /k g  IV  Q D  D 8 – D 2 1  B L M iMo d .F c 0 .4  m g /k g  IV  Q W D 8 , D 1 5  R eso k in e h u m an  R eso k in e fly  N o  B L M B L MB L MB L MB L M V eh D ex  N in ted an ib  V eh  B L MB L MB L M R eso laris R eso laris R eso laris 1  m g /k g  3  m g /k g  1 0  m g /k g  IV  Q D  IV  Q D  IV  Q D  D 8 – D 2 1  D 8 – D 2 1  D 8 – D 2 1  P O  B ID  D 0 – D 2 1  IV  Q D  D 8 – D 2 1  -5  0  5  *  * *  -5  0  5  -5  0  5  -5  0  5  -5  0  5  -5  0  5  *  * *  *  lo g 2  (F o ld  C h an g e) F o x p 3  IL 6  IL 1 0  lo g 2  (F o ld  C h an g e) lo g 2  (F o ld  C h an g e) lo g 2  (F o ld  C h an g e) lo g 2  (F o ld  C h an g e) lo g 2  (F o ld  C h an g e) N o  B L M B L M D ex  0 .2 5  m g /k g  P O  Q D  D 8 – D 2 1  B L M V eh  IV  Q D  D 8 – D 2 1  B L M m R eso laris 3  m g /k g  IV  Q D  D 8 – D 2 1  N o  B L M B L M D ex  0 .2 5  m g /k g  P O  Q D  D 8 – D 2 1  B L M V eh  IV  Q D  D 8 – D 2 1  B L M m R eso laris 3  m g /k g  IV  Q D  D 8 – D 2 1  IF N g  N o  B L M B L M D ex  0 .2 5  m g /k g  P O  Q D  D 8 – D 2 1  B L M V eh  IV  Q D  D 8 – D 2 1  B L M m R eso laris 3  m g /k g  IV  Q D  D 8 – D 2 1  N o  B L M B L M D ex  0 .2 5  m g /k g  P O  Q D  D 8 – D 2 1  B L M V eh  IV  Q D  D 8 – D 2 1  B L M m R eso laris 3  m g /k g  IV  Q D  D 8 – D 2 1  N o  B L M B L M D ex  0 .2 5  m g /k g  P O  Q D  D 8 – D 2 1  B L M V eh  IV  Q D  D 8 – D 2 1  B L M m R eso laris 3  m g /k g  IV  Q D  D 8 – D 2 1  N o  B L M B L M D ex  0 .2 5  m g /k g  P O  Q D  D 8 – D 2 1  B L M V eh  IV  Q D  D 8 – D 2 1  B L M m R eso laris 3  m g /k g  IV  Q D  D 8 – D 2 1  C X C R 3  E x h ib it 9 9 .1



# 6 1 1  P resen ted  at th e A m erican  T h o racic S o ciety  In tern atio n al C o n feren ce; 1 9 – 2 4  May  2 0 1 7 ; Wash in g to n , D C , U S A . T h e R eso k in e P ath w ay  Is Im p licated  in  th e P ath o lo g y  o f In terstitial L u n g  D isease L .A . N an g le1 * , Y . T o n g 2 ,3 , E . Mertsch in g 1 , S .P . C ram p to n 1 , R .A . A d am s1 , K .P . C h ian g 1 , K .M. O g ilv ie1 , P . S ch im m el4 , J.C . McK ew 1 , D . K in g 1 , J.D . Men d lein 1  1 aT y r P h arm a, S an  D ieg o , C A , U S A ; 2 P an g u  B io p h arm a, H o n g  K o n g , C h in a; 3 IA S  H K U S T  –  S crip p s R & D  L ab o rato ry , In stitu te fo r A d v an ced  S tu d y , H o n g  K o n g , C h in a; 4 T h e S crip p s L ab o rato ries fo r tR N A  S y n th etase R esearch , T h e S crip p s R esearch  In stitu te, L a Jo lla, C A , U S A  * C o rresp o n d in g  an d  p resen tin g  au th o r: L .A . N an g le, ln an g le@aty rp h arm a.co m  R atio n ale T h e h istid y l-tR N A  sy n th etase (H A R S ) p ro tein  h as lo n g  b een  id en tified  as th e so le targ et o f Jo -1  au to an tib o d ies (Jo -1  A b s), w h ich  are, in  m an y  cases, acco m p an ied  b y  in terstitial lu n g  d isease (IL D ). E x tracellu lar H A R S  p ro tein s (R eso k in e) are fo u n d  in  circu latio n  at p h y sio lo g ically  relev an t lev els in  h ealth y  in d iv id u als (~ 2 0 0  p M) an d  are g reatly  red u ced  in  p atien ts w ith  Jo -1  A b s, lead in g  u s to  in v estig ate th e so u rce o f R eso k in e an d  ex p lo re th e p o ssib ility  th at in su fficien cy  p lay s a ro le in  th e p ath o lo g y  o f in flam m ato ry  m y o p ath ies an d  IL D  asso ciated  w ith  Jo -1  A b s. E v o lu tio n -elab o rated  P h y sio lo g ical S y stem s fo r H o m eo stasis C lo sed  T issu e H o m eo stasis C o m p lex  T issu e H o m eo stasis O p en  T issu e H o m eo stasis C o n serv ed  P h y sio crin e d o m ain  stru ctu res C ellu lar H o m eo stasis tR N A  S y n th etase P ro tein  S y n th esis F u n ctio n  R eso k in e fly  R eso k in e h u m an  P h y sio crin e H y p o th esis: P h y sio lo g ical Mo d u latio n  F ro m  P rim o rd ial T issu e H o m eo stasis E x traellu lar, circu latin g  H A R S -d eriv ed  p ro tein s =  R eso k in e A n tico d o n -b in d in g  D o m ain  D o m ain A m in o acy latio n  D  S p lice V arian t (S V 9 ) N ew ly  E v o lv ed  H istid y l-tR N A  S y n th etase iMo d  D o m ain  an d  th e R eso k in e P ath w ay  P ath o lo g ical R em o d elin g  o f th e L u n g  in  a Mo d el o f R eso k in e P ath w ay  D isru p tio n  N aïv e V eh icle Mo u se H A R S  Mo u se iMo d  N aïv e V eh icle Mo u se H A R S  Mo u se iMo d  1  1 0  1 0 0  1 0 0 0 1 0 0 0 0 0  R eso k in e (p M) N aïv e V eh icle Mo u se H A R S  Mo u se iMo d  * *  *  * *  * *  N aïv e V eh icle Mo u se H A R S  Mo u seiMo d  1 0 0  1 0 0 0  1 0 0 0 0  R eso k in e T iters (E C 5 0 ) V accin atio n  o f Mice With  H A R S  o r iMo d  D o m ain  A lo n e (+  A d ju v an t) G en erates R o b u st A n tib o d y  R esp o n se in  B A L F  T h at D ep letes R eso k in e R eso k in e B A L F  L ev elsR eso k in e B A L F  T iters C o n tro l F u n ctio n al R eso k in e K n o ck o u t Week s: 0 2 4  C F A / an tig en  IF A / an tig en  IF A / an tig en  7 8 9  B leo m y cin  Iso flu ran e T erm in atio n  laten cy  N aïv e V eh icle-im m u n ized  +  B L M Mo u se H A R S -im m u n ized  +  B L M Mo u se iMo d -im m u n ized  +  B L M L u n g  d iffu sio n  cap acity  Iso flu ran e laten cy  tim e *  C D 4 4 +  C D 4 +  T -cells *  C D 4 4 +  C D 8 +  T -cells *  C ells (x  1 0 6 ) C ells (x  1 0 6 ) L aten cy  T im e 5 0  7 5  1 0 0  1 2 5  1 5 0  A ctiv ated  T -cells in  m ed iastin al ly m p h  n o d es 0  2  4  6  0 .0  0 .5  1 .0  1 .5  2 .0  E x acerb ated  R esp o n se to  B leo m y cin -in d u ced  In ju ry  in  Mice With  R eso k in e-an tib o d y  B lo ck ad e B A L F , b ro n ch o alv eo lar lav ag e flu id ; B L M, b leo m y cin ; C F A , C o m p lete F reu n d ’s ad ju v an t; IF A , In co m p lete F reu n d ’s ad ju v an t. R eg u latio n  o f R eso k in e S p lice V arian t in  In flam m atio n  R eso k in e S ecretio n  F ro m  L u n g  C ells R eso k in e iMo d -S V  Is U p reg u lated  in  A irw ay  E p ith elial C ells an d  S ecretio n  Is In creased  in  R esp o n se to  In flam m atio n  IF N -g , in terfero n  g am m a; T N F -α , tu m o r n ecro sis facto r alp h a. R eg u latio n  o f th e R eso k in e P ath w ay  in  L u n g  In flam m atio n  IL -1 3 , T G F -β , T N F -α , IL -1 β  F ib ro cy tes E MT  F ib ro b lasts ↑  R eso k in e ag o n ist th erap y  P h arm aco lo g ic resto ratio n  o f tissu e h o m eo stasis an d  reso lu tio n  o f im m u n e en g ag em en t N atu ral resto ratio n  o f tissu e h o m eo stasis an d  reso lu tio n  o f im m u n e en g ag em en t P ertu rb atio n  In ju ry  In fectio n  G en etic S ev ere tissu e rem o d elin g  E x cess d ep o sitio n  o f E C M P ro -in flam m atio n  IL -1 β , T N F -α , IF N -ɣ  C ircu latio n  ↑  N atu ral R eso k in e lev els T  cell Macro p h ag e N eu tro p h il Mast cell R eso k in e P ath w ay  P ro m o tes L u n g  H o m eo stasis E p ith elial d am ag e R esu lts We ch aracterized  seru m  fro m  a n u m b er o f Jo -1 – p o sitiv e p atien ts an d  fo u n d  th e m ajo rity  ex h ib ited  stro n g  cro ss-reactiv ity  w ith  th e N -term in al p o rtio n  o f R eso k in e an d  th at a sp lice v arian t (S V 9 ), w h ich  en co d es o n ly  th e N -term in al d o m ain  o f th e p ro tein , is en rich ed  in  h u m an  lu n g  tissu e. H ere, w e d em o n strate th at in  th e lu n g -d eriv ed  ad en o carcin o m a cell lin e A 5 4 9 , R eso k in e is activ ely  secreted  fo llo w in g  stim u latio n  w ith  th ein flam m ato ry  cy to k in es IF N -g  an d  T N F -α , tw o  k ey  p lay ers in  th e in itiatio n  o f lu n g  in flam m atio n  an d  fib ro sis. S ecretio n  is d o se d ep en d en t an d  sy n erg istic. S V 9 , b u t n o t th e fu ll-len g th  m R N A , is in creased  fo llo w in g  in flam m ato ry  cy to k in e stim u latio n  an d  its p eak  ex p ressio n  p reced es th at o f th e secreted  p ro tein . R ep eated  v accin atio n  o f m ice w ith  m u rin e R eso k in e in  th e p resen ce o f ad ju v an t can  b reak  to leran ce an d  g en erate au to -an tib o d ies. R eso k in e w as p resen t in  b ro n ch o alv eo lar lav ag e flu id  o f co n tro ls an d  u n d etectab le in  v accin ated  an im als. In  an im als w ith  a h ig h  titer to  R eso k in e, in filtratio n  o f im m u n e cells (in clu d in g  T -cells) in to  sk eletal m u scle an d  lu n g  w as d etected . F u rth erm o re, in  v accin ated  an im als receiv in g  b leo m y cin  in tratrach eally , lu n g  fu n ctio n  w as m o re sev erely  im p acted  an d  b o th  C D 4 +  an d  C D 8 +  T -cells w ere in creased  in  th e m ed iastin al n o d es. In terestin g ly , th ese p ath o lo g ies w ere o b serv ed  o n ly  in  m ice th at carry  a g en etic m u tatio n  in  d y sferlin  (an d  o th er lo ci) b u t n o t in  w ild -ty p e m o u se strain s (e.g ., C 5 7 b l/6 ). C o n clu sio n  Im m u n e in v asio n  p ath o lo g ies o b serv ed  in  m ice fo rced  to  b reak  to leran ce to  R eso k in e in  th e b ack g ro u n d  o f an o th er tissu e-d am ag in g  g en etic m u tatio n  are sim ilar to  activ ity  o b serv ed  in  p atien ts w ith  Jo -1  au to an tib o d ies. T h is su g g ests th at in d u ctio n  o f R eso k in e in su fficien cy  m ay  d isru p t im m u n e h o m eo stasis in  a m an n er th at m an ifests as p ath o lo g ical in  lu n g  an d  m u scle. T h e fin d in g s th at R eso k in e circu lates at p M lev els an d  th e sp lice v arian t S V 9  is sy n erg istically  in d u ced  an d  secreted  b y  lu n g -d eriv ed  cells in  an  in flam m ato ry  en v iro n m en t p ro v id e ev id en ce fo r an  ex tracellu lar n ich e in  w h ich  au to an tib o d ies co u ld  m ed iate n eu tralizatio n  o f th ese p ro tein s to  in d u ce p ath o lo g y . R eferen ces Z h o u  JJ et al. S ecreted  h istid y l-tR N A  sy n th eto se sp lice v arian ts elab o rate m ajo r ep ito p es fo r au to an tib o d ies in  in flam m ato ry  m y o sitis. J B io l C h em , 2 0 1 4 . A ck n o w led g em en ts A lin a H e (Jo -1  an tib o d y  an aly sis), K en n y  D ’A rig o /Jo h n  B ru n er (R eso k in e an d  R eso k in e-an tib o d y  an aly sis), Jean ette A m p u d ia (flo w  cy to m etry ), Z h iw en  X u , C ario  L o , an d  C aro l L au  (ex p erim en tal ad v ice, p rim er d esig n  an d  testin g , cell cu ltu re). G rap h ics su p p o rt w as p ro v id ed  b y  O x fo rd  P h arm aG en esis, In c. an d  w as fu n d ed  b y  aT y r P h arm a, In c. D isclo su re T h is stu d y  w as fu n d ed  b y  aT y r P h arm a, In c. D isru p tin g  th e R eso k in e P ath w ay  P ro m o tes L u n g  D am ag e E v id en ce fo r H o m eo static R o le o f R eso k in e in  H u m an s B A L F ,b ro n ch o alv eo lar lav ag e flu id ; D A D , d iffu se alv eo lar d am ag e; IL D , in terstitial lu n g  d isease; N S IP , n o n sp ecific in terstitial p n eu m o n ia. R ev erse p rim er 1  b p  F o rw ard  p rim er 1  * * *  N o rm alized  m R N A  E x p ressio n  5  4  3 M 2  1  0  T o tal L eu k o cy tes B o n e Marro w  T h y ro id  L u n g  H eart P an creas S p leen  L iv er K id n ey  C o lo n  S m all In testin e A d ip o se T issu e S k eletal Mu scle H A R S  1 ,0 0 0  8 5 0  6 5 0  5 0 0  4 0 0  3 0 0  2 0 0  S k eletal m u scle M H ig h -titer P atien ts Jo -1  A u to an tib o d ies E p ito p e Map p in g  P ercen tag e o f Jo -1  T iter 1 2 0  1 0 0  8 0  6 0  4 0  2 0  0  O u tsid e o f iMo d  d o m ain  iMo d  d o m ain  iMo d  d o m ain  D ep leted  R eso k in e Jo -1  A b  R eso k in e S p lice V arian t (S V 9 ) R ep resen ts th e iMo d  D o m ain , th e T arg et o f a H ig h  P ercen tag e o f D isease-lin k ed  Jo -1  A n tib o d ies T h e p red o m in an t ep ito p es are in  th e N -term in al iMo d  d o m ain  A d d itio n al ep ito p es are p resen t th ro u g h o u t H A R S , in d icatin g  ep ito p e sp read in g  h as o ccu rred  C h aracteristics o f Jo -1  A sso ciated  IL D  In creased  T -cells in  B A L F  D ecreased  C D 4 /C D 8  ratio  H isto lo g y  ran g es fro m  N S IP  to  D A D  as sev erity  o f d isease in creases * p  <  0 .0 5 ; * * p  <  0 .0 1 , u n p aired  t test * * p  <  0 .0 1  b y  p aired  t test * * * p  <  0 .0 0 1 , o n e-w ay  A n o v a * * p  <  0 .0 1 , o n e-w ay  A N O V A  * p  <  0 .0 5 , o n e-w ay  A N O V A  an d  D u n n ett’s p o st h o c test * p  <  0 .0 5 , t test E 1  E 2  E 3  E 4  E 5  A m in o acy latio n  D o m ain  iMo d  D o m ain  H o m eo stasisIm b alan ce D iseased  L u n g  H ealth y  lu n g  1 0 0 %  (1 8  o f 1 8 ) an ti-Jo -1  p atien ts tested  p o sitiv e fo r an tib o d ies to  H A R S  (k n o w n  ex tracellu larly  as R eso k in e) w ith  h ig h  titers to  th e iMo d  d o m ain  ∆ 1 2 2  n t H A R S iMo d  H A R S  E x h ib it 9 9 .2



In terstitial L u n g  D isease an d  th e Im m u n e S y stem  In tro d u ctio n  to  th e iMo d .F c P ro g ram  aT y r P h arm a In v esto r an d  A n aly st IL D  an d  iMo d .F c E d u catio n al Web in ar A m erican  T h o racic S o ciety  In tern atio n al C o n feren ce May  2 3 , 2 0 1 7  E x h ib it 9 9 .3



F o rw ard -L o o k in g  S tatem en ts T h e fo llo w in g  slid es an d  an y  acco m p an y in g  o ral p resen tatio n  co n tain  fo rw ard -lo o k in g  statem en ts w ith in  th e m ean in g  o f th e P riv ate S ecu rities L itig atio n  R efo rm  A ct o f 1 9 9 5  an d  o th er fed eral secu rities law s.  T h e u se o f w o rd s su ch  as “m ay ,” “m ig h t,” “w ill,” “sh o u ld ,” “ex p ect,” “p lan ,” “an ticip ate,” “b eliev e,” “estim ate,” “p ro ject,” “in ten d ,” “fu tu re,” “p o ten tial,” “o p p o rtu n ity ,” o r “co n tin u e,” an d  o th er sim ilar ex p ressio n s are in ten d ed  to  id en tify  fo rw ard -lo o k in g  statem en ts.  F o r ex am p le, all statem en ts w e m ak e reg ard in g  th e p o ten tial th erap eu tic b en efits o f P h y sio crin es an d  o u r p ro d u ct can d id ates, in clu d in g  R eso laris™ an d  o u r iMo d .F c p ro g ram , th e ab ility  to  su ccessfu lly  ad v an ce o u r p ip elin e o r p ro d u ct can d id ates, th e tim in g  w ith in  w h ich  w e ex p ect to  in itiate, receiv e an d  rep o rt d ata fro m , an d  co m p lete o u r p lan n ed  clin ical trials, an d  o u r ab ility  to  receiv e reg u lato ry  ap p ro v als fo r, an d  co m m ercialize, o u r p ro d u ct can d id ates, o u r ab ility  to  id en tify  an d  d isco v er ad d itio n al p ro d u ct can d id ates, o u r p ro jected  cash  ex p en d itu res, an d  th e ab ility  o f o u r in tellectu al p ro p erty  p o rtfo lio  to  p ro v id e p ro tectio n  are fo rw ard -lo o k in g  statem en ts. A ll fo rw ard -lo o k in g  statem en ts are b ased  o n  estim ates an d  assu m p tio n s b y  o u r m an ag em en t th at, alth o u g h  w e b eliev e to  b e reaso n ab le, are in h eren tly  u n certain . A ll fo rw ard -lo o k in g  statem en ts are su b ject to  risk s an d  u n certain ties th at m ay  cau se actu al resu lts to  d iffer m aterially  fro m  th o se th at w e ex p ected . T h ese risk s, u n certain ties an d  o th er facto rs are m o re fu lly  d escrib ed  in  o u r filin g s w ith  th e U .S . S ecu rities an d  E x ch an g e C o m m issio n , in clu d in g  o u r m o st recen t Q u arterly  R ep o rt o n  F o rm  1 0 -Q , o u r A n n u al R ep o rt o n  F o rm  1 0 -K  an d  in  o u r o th er filin g s. T h e fo rw ard -lo o k in g  statem en ts in  th is p resen tatio n  sp eak  o n ly  as o f th e d ate o f th is p resen tatio n  an d  n eith er w e n o r an y  o th er p erso n  assu m e resp o n sib ility  fo r th e accu racy  an d  co m p leten ess o f an y  fo rw ard -lo o k in g  statem en t. We u n d ertak e n o  o b lig atio n  to  p u b licly  u p d ate o r rev ise an y  fo rw ard -lo o k in g  statem en t, w h eth er as a resu lt o f n ew  in fo rm atio n , fu tu re ev en ts o r o th erw ise, ex cep t as req u ired  b y  law . We o w n  v ario u s U .S . fed eral trad em ark  ap p licatio n s an d  u n reg istered  trad em ark s, in clu d in g  o u r co m p an y  n am e an d  R eso laris™. A ll o th er trad em ark s o r trad e n am es referred  to  in  th is p resen tatio n  are th e p ro p erty  o f th eir resp ectiv e o w n ers. S o lely  fo r co n v en ien ce, th e trad em ark s an d  trad e n am es in  th is p resen tatio n  are referred  to  w ith o u t th e sy m b o ls ®  an d  ™, b u t su ch  referen ces sh o u ld  n o t b e co n stru ed  as an y  in d icato r th at th eir resp ectiv e o w n ers w ill n o t assert,to  th e fu llest ex ten t u n d er ap p licab le law , th eir rig h ts th ereto .
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E v o lv ed  fro m  C ellu lar H o m eo stasis G en es o v er 4 0 0  Millio n  Y ears N ew  Im m u n o lo g ical P ath w ay : R eso k in e



R eso k in e: P o ten tial K ey  R eg u lato r o f H o m eo stasis E v o lv ed  w ith  S y stem  C o m p lex ity  N atu re 2 0 1 5  S cien ce 2 0 1 4  N atu re 2 0 1 3  N atu re 2 0 1 0  S cien ce 1 9 9 9  C lo sed  T issu e H o m eo stasis C o m p lex  T issu e H o m eo stasis O p en  T issu e H o m eo stasis C o n serv ed  P h y sio crin e d o m ain  stru ctu res C ellu lar H o m eo stasis P ro tein  S y n th esis F u n ctio n  tR N A  S y n th etase F u n g i N em ato d es A rth ro p o d s V erteb rates Mam m als P ro k ary o tes P h y sio crin es D N A  in sertio n s G u o  et al. N atu re 2 0 1 0  R eso k in e fly  R eso k in e h u m an



L IF E ’s T h erap eu tic P arad ig m  H o m eo stasis D isease H ealth ier P atien ts R eso k in e in su fficien cy  R eso k in e ag o n ists



D isease an tib o d ies H o m eo stasis Im b alan ce 1 0 0 %  (1 8  o f 1 8 ) an ti-sy n th etase sy n d ro m e p atien ts tested  p o sitiv e fo r an tib o d ies fo r R eso k in e p ro tein s D iseased  L u n g  H ealth y  lu n g  ↑  Im m u n e cell In v asio n  / activ ity  L u n g  C h aracteristics In creased  T  cells in  B A L F  D ecreased  C D 4 /C D 8  ratio  H isto lo g y  ran g es fro m  N S IP  to  D A D  as sev erity  o f d isease in creases B A L F  =  b ro n ch o alv eo lar lav ag e flu id ; N S IP  =  n o n  sp ecific in terstitial p n eu m o n ia; D A D  =  d iffu se alv eo lar d am ag e D isru p tin g  th e R eso k in e P ath w ay  P ro m o tes IL D  E v id en ce fo r H o m eo static R o le o f R eso k in e in  H u m an s



F ree R eso k in e P ath w ay  in  A n ti-S y n th etase P atien ts D im in ish ed  U n p u b lish ed  d ata fro m  aT y r an d  co llab o rato r S tatistics: Man n -Wh itn ey  test 6 9 %  at o r b elo w  lim it o f d etectio n  > 8 5 %  o f p atien ts d ev elo p  In terstitial L u n g  D isease (IL D )



L u n g  B leo m y cin  In d u ced  L u n g  F ib ro sis T h 1 7 /C D 4  A g o n ists o f th e R eso k in e P ath w ay  in  Im m u n e D riv en  Mo d els B alan cin g  th e im m u n e resp o n se to  tissu e in su lts In  v iv o  ad m in istratio n  o f R eso k in e p ro tein s to  an im al m o d els o f T  cell d riv en  d isease states. C ell ty p e in d icates ty p e o f cells in v o lv ed  b u t m ay  n o t b e lim ited  to  th ese cells. Im m u n e T arg ets D isease Mo d el R eso k in e H o m eo static E ffect S k eletal Mu scle S tatin  In d u ced  My o p ath y  C D 4 /C D 8  &  m acro p h ag es C o lo n  T N B S  In d u ced  C o litis T h 1 7 /C D 4  S k in  IL 2 3  In d u ced  P so riasis T h 1 7 /C D 4



T h ree D istin ct T h erap eu tic Mo d alities H arn essin g  K n o w led g e o f N ew  Im m u n o lo g ical P ath w ay s T P P  =  T arg et P ro d u ct P ro file IL D  =  In terstitial L u n g  D isease; IP F  =  Id io p ath ic P u lm o n ary  F ib ro sis iMo d  d o m ain  H u m an  F c d o m ain  o f an  an tib o d y  R eso laris R eco m b in an t v ersio n  o f n atu rally  o ccu rrin g  R eso k in e iMo d .F c O R C A  P reclin ical activ ity  to  id  en tify  IN D  can d id ate in  2 0 1 7  C lin ical d ata in  m u ltip le rare m u scu lar d y stro p h ies G en erally  fav o rab le safety  p ro file in  4 4  p atien ts d o sed  to  d ate H u m an  F c d o m ain : in creased  ex p o su re to  p o ten tially  en ab le T P P  =  o n ce m o n th ly  d o sin g  In d icatio n s: R are IL D s ch aracterized  b y  im m u n e cell in filtratio n  In d icatio n s: R are m u scu lar d y stro p h ies ch aracterized  b y  im m u n e cell in filtratio n  P reclin ical activ ity  in  in d u stry  p ro v en  m o d el o f IP F  (ap p ro v ed  d ru g s P irfen id o n e &  N in ted an ib ) B io lo g ics p ro g ram  b ased  o n  aT y r's k n o w led g e o f n ew  p ath w ay s in  im m u n o lo g y  E n g in eered  fu sio n  p ro tein  w ith  R eso k in e sp lice v arian t ( iMo d  ) 3  rd  th erap eu tic m o d ality



O v erv iew  o f In terstitial L u n g  D isease S tev en  N ath an , MD  Med ical D irecto r, A d v an ced  L u n g  D isease &  T ran sp lan t P ro g ram  In o v a F airfax  H o sp ital F alls C h u rch , V irg in ia U S A  In o v a A d v an ced  L u n g  D isease &  T ran sp lan t P ro g ram



D isclo su res: S tev en  N ath an , MD  P erso n al fin an cial relatio n sh ip s w ith  co m m ercial in terests relev an t to  th is p resen tatio n  d u rin g  th e p ast 1 2  m o n th s: C o n su ltan t: aT y r P h arm a, B ay er P h arm aceu ticals, B o erh in g er-In g elh eim , G en en tech -R o ch e, G ilead , T h ird  P o le, U n ited  T h erap eu tics. S p eak er’s B u reau : B ay er, B o erh in g er-In g elh eim , G en en tech , G ilead , G rifo ls, U n ited  T h erap eu tics. R esearch  F u n d in g : A ctelio n , B ay er, B o erh in g er-In g elh eim , G ilead , G en en tech -R o ch e, U n ited  T h erap eu tics, V eracy te.



A sso ciatio n  b etw een  In terstitial L u n g  A b n o rm alities an d  A ll-cau se Mo rtality  JA MA  2 0 1 6 ;3 1 5 :6 7 2 -6 8 1  B lu e seg m en ts o f y -ax es in d icate m o rtality  ran g e fro m  0 %  to  2 0 % . P  v alu es in clu d ed  in  each  p an el are asso ciated  w ith  h azard  ratio s (H R s [9 5 %  C Is]) fro m  th e ad ju sted  C o x  p ro p o rtio n al h azard s m o d el in clu d in g  ad ju stm en ts fo r ag e, sex , race, b o d y  m ass in d ex , p ack -y ears o f sm o k in g , cu rren t o r fo rm er sm o k in g  statu s, an d  G O L D  stag e o f C O P D  (ex cep t in  A G E S -R ey k jav ik  w h ere G O L D  stag e w as n o t av ailab le). A G E S  in d icates th e A g e G en e/E n v iro n m en t S u scep tib ility .



JA MA  2 0 1 6 ;3 1 5 :6 7 2 -6 8 1  B lu e seg m en ts o f y -ax es in d icate m o rtality  ran g e fro m  0 %  to  2 0 % . P  v alu es in clu d ed  in  each  p an el are asso ciated  w ith  h azard  ratio s (H R s [9 5 %  C Is]) fro m  th e ad ju sted  C o x  p ro p o rtio n al h azard s m o d el in clu d in g  ad ju stm en ts fo r ag e, sex , race, b o d y  m ass in d ex , p ack -y ears o f sm o k in g , cu rren t o r fo rm er sm o k in g  statu s, an d  G O L D  stag e o f C O P D  . C O P D , ch ro n ic o b stru ctiv e p u lm o n ary  d isease; E C L IP S E , E v alu atio n  o f C O P D  L o n g itu d in ally  to  Id en tify  P red ictiv e S u rro g ate E n d p o in ts; G O L D , G lo b al In itiativ e fo r C h ro n ic O b stru ctiv e L u n g  D isease; IL A , in terstitial lu n g  ab n o rm alities. A sso ciatio n  b etw een  In terstitial L u n g  A b n o rm alities an d  A ll-cau se Mo rtality



C ateg o ry  D iseases S u b -categ o ries/ex am p les Id io p ath ic Id io p ath ic In terstitial P n eu m o n ias (IIP s) IP F  N S IP  U n classifiab le C O P  R B -IL D  D IP  A IP  L IP  P P F E  S arco id o sis A m y lo id o sis L y m p h an g io ly o m y o m ato sis P L C H , E o sin o p h ilic p n eu m o n ia. N eu ro fib ro m ato sis, D A H  Im m u n o lo g ic C o n n ectiv e T issu e D iso rd ers In h alatio n al In o rg an ic A sb esto sis, S ilico sis O rg an ic: C h ro n ic h y p ersen sitiv ity  p n eu m o n itis B ird  fan ciers d isease, F arm er’s lu n g  Iatro g en ic A n tiarrh y th m ics A n tim icro b ials C h em o th erap y  ag en ts B io lo g ics R ad iatio n   In fectio u s V iral C MV , in flu en za F u n g al P n eu m o cy stis carin ii C h ro n ic C H F  N eo p lastic L y m p h an g itic carcin o m ato sis B ro n ch o alv eo lar carcin o m a   In flam m atio n  F ib ro sis + /- +  + + +  + +  + +  + +  + /- + + +  - + + +  + +  + + +  +  - +  +  - + + +  + +  + +  - + +  + +  +  - +  N /A  N /A  N /A  N /A  N /A  N /A  N /A  N /A



S p ectru m  o f IL D  fo llo w ed  b y  In o v a A L D  P ro g ram  (N = 6 5 7 ) 1 1 .6 %  8 .6 %  1 3 .3 %  1 3 .3 %



S L E  MC T D  S C L  S C L



P rev alen ce o f IL D  in  C T D  1 ,6 0 0  d eath s in  U S A  an n u ally  2 5 %  o f all IL D  d eath s 2 %  o f resp irato ry  d eath s R A : 1 5 -2 0 %  P M/D M: 5 -2 0 %  S L E : 5 -1 8 %  S clero d erm a: 5 0 -7 0 %  S jo g ren s:5 -4 0 %



A d ap ted  fro m  C h artran d , F isch er. S arc V asc;2 0 1 5 :3 2 :2 -2 1  A P P R O A C H  T O  T H E  T R E A T ME N T  O F  C T D -IL D  D isease im p airm en t S u b jectiv e: O b jectiv e: -fu n ctio n al cap acity  - 6 MWT  -d y p sn ea - H R C T /P F T  Mild  an d  n o n -p ro g ressiv e C lin ically  n o n -sig n ifican t IL D  Mo d erate-sev ere an d /o r p ro g ressiv e C lin ically  sig n ifican t IL D  C lin ical su rv eillan ce q 3 -6  m o n th s T reat N o n -p h arm aco lo g ic S m o k in g  cessatio n  P u lm  R eh ab  O x y g en  Im m u n izatio n s P JP  p ro p h y lax is G E R D  P H  C T E P H  P h arm aco lo g ic In d u ctio n  H ig h  d o se o ral o r p u lsed  IV  stero id s Main ten an ce S tero id -sp arin g  ag en t: MMF , C S A , A Z A , F K 5 0 6 , C S A  C y clo p h o sp h am id e in  sev ere cases E v alu ate treatm en t resp o n se (q 3 -6  m o n th s) S tab le o r im p ro v ed  -co n tin u e R x  -co n tin u e clin ical su rv eillan ce P ro g ressiv e d isease, co n sid er: -m ain tain /titrate u p  stero id s -C h an g e ag en ts (co n sid er cy clo p h o s) -S ev ere refracto ry -co n sid er ritu x im ab  - ?lu n g  tran sp lan t



C h ro n ic H y p ersen sitiv ity  P n eu m o n itis B ird s, h o t tu b s, m o ld , “id io p ath ic” In sid io u s in  o n set May  m im ic U IP  U tility  o f H P  p an el u n certain  In sp irato ry  an d  ex p irato ry  C T  - air-trap p in g  o r “m o saism ”





C h ro n ic H P : P ath o lo g y



S arco id o sis: S y stem ic D isease A  m u ltisy stem  d isease U n k n o w n  etio lo g y  G ran u lo m ato u s d iso rd er A ffects in d iv id u als w o rld  w id e Mo st o ften  affects y o u n g  ad u lts P rev alen ce o f 1 0 -2 0  p er 1 0 0 ,0 0 0  p o p u latio n  In cid en ce is u n k n o w n  V aries am o n g  g eo g rap h ical g ro u p s L ifetim e in cid en ce in  b lack s is 2 .4 % , in  w h ites 0 .8 5 %



N o n -C aseatin g  G ran u lo m as





T reatm en t o f S arco id o sis N o t all p atien ts req u ire th erap y  fo r sarco id o sis A b o u t h alf n ev er g et treated  P u lm o n ary , o cu lar, n eu ro , card iac, h y p ercalcem ia T reatm en t strateg ies are d ifferen t b ased  o n  p h ase o f d isease A cu te C h ro n ic R efracto ry  S tero id s, m eth o trex ate, azath io p rin e, m y co p h en o late, leflu n o m id e, in flix im ab , acth ar g el



R ev ised  A T S /E R S  Id io p ath ic In terstitial P n eu m o n ia C lassificatio n  Majo r Id io p ath ic In terstitial P n eu m o n ias Id io p ath ic P u lm o n ary  F ib ro sis Id io p ath ic n o n sp ecific in terstitial p n eu m o n ia R esp irato ry  b ro n ch io litis in terstitial lu n g  d isease D esq u am ativ e in terstitial p n eu m o n ia C ry p to g en ic o rg an izin g  p n eu m o n ia A cu te in terstitial p n eu m o n ia R are Id io p ath ic In terstitial P n eu m o n ias Id io p ath ic ly m p h o id  in terstitial p n eu m o n ia Id io p ath ic p leu ro p aren ch y m al fib ro elasto sis U n classifiab le id io p ath ic in terstitial p n eu m o n ias A m  J R esp ir C rit C are Med  2 0 1 3 ;1 8 8 :7 3 3 -7 4 8



N S IP



R ML  –  ad jacen t m ild  cellu lar IP



R L L  –  v en u litis



C u rren t D efin itio n  o f IP F  S p ecific fo rm  o f ch ro n ic, p ro g ressiv e fib ro sin g  in terstitial p n eu m o n ia o f u n k n o w n  cau se O ccu rrin g  p rim arily  in  o ld er ad u lts L im ited  to  th e lu n g s A T S /E R S /JR S /A L A T  co n sen su s statem en t A m  J R esp ir C rit C are Med . 2 0 1 1 ;1 8 3 :7 8 8 -8 2 4



1 . R ag h u  G  et al. L an cet R esp ir Med . 2 0 1 4 ;2 :5 6 6 -5 7 2  Med icare B en eficiaries A g e ≥ 6 5  y  Med ian  su rv iv al =  3 .8  y  F acto rs asso ciated  w ith  lo w er su rv iv al A g e, in d ex  y ear, m ale g en d er In creasin g  P rev alen ce o f IP F



IP F : S u rv iv al at th e T u rn  o f th e C en tu ry  2 0 0 0 -2 0 0 9  (N = 5 2 1 ) Med ian  su rv iv al: 3 6  &  4 2  m o n th s C h est 2 0 1 1 ;1 4 0 :2 2 1 -2 2 9



Mo rtality  R ate H ig h  in  IP F



P ath o lo g y : U IP  P attern



T -cells in  IP F  L u n g s. Im m u n o h isto ch em ical stain in g  sh o w s th at ab n o rm al C D 3 +  T -cell in filtrates (b lack  cells n ear arro w ) in  lu n g s o f IP F  p atien ts w ith  u su al in terstitial p n eu m o n ia are d istrib u ted  h etero g en eo u sly , an d  are o ften  esp ecially  p ro m in en t in  p ro x im ity  to  fib ro p ro liferativ e fo ci (star). T h ese in filtrates in clu d e b o th  C D 4 +  an d  C D 8 +  T -cells (n o t sh o w n ). S im ilar asso ciatio n s b etw een  in filtratin g  T -cells an d  fib ro p ro liferatio n  are p resen t in  o th er ch ro n ic h u m an  d iseases. Im ag e co u rtesy  o f G . R o sen . (1 0 x ).



P = 0 .0 0 1  C o llab o rato rs. N  E n g l J Med . 2 0 1 2 ;3 6 6 :1 9 6 8 -1 9 7 7 . N  E n g l J Med  2 0 1 2 ;3 6 6 :1 9 6 8 -7 7



IP F …R x  w ith  im m u n o su p p ressiv e th erap ies O th er IL D …R x  w ith  im m u n o su p p ressiv e th erap ies IP F , IIP s an d  C T D -IL D =  h isto ric p arallel treatm en t p ath s IP F : say  “g o o d b y e” to  A Z A  +  P red  IP F : say  “h ello ” to  th e an tifib ro tics T R E A T ME N T  P A R A D IG M S H IF T  S E IS MIC



K in g  T E  Jr., et al. N  E n g l J Med . 2 0 1 4 ;3 7 0 :2 0 8 3 -2 0 9 2 . R ich eld i L , et al. N  E n g l J Med . 2 0 1 4 ;3 7 0 :2 0 7 1 -2 0 8 2 .



F ib ro sis C T D -IL D  o ccu lt C T D  + sero lo g ies IP F  In terstitial p n eu m o n ia w ith  au to im m u n e featu res S y stem ic sclero sis sin e sclero d erm a A m y o p ath ic IL D  R h eu m ato id  arth ritis S y stem ic sclero sis P M/D M S L E  IN T E R S T IT IA L  L U N G  D IS E A S E : A  S P E C T R U M In flam m atio n



F ib ro sis C T D -IL D  o ccu lt C T D  + sero lo g ies IP F  IN T E R S T IT IA L  L U N G  D IS E A S E : A  S P E C T R U M In flam m atio n  S A R C O ID O S IS  N o n -S p ecific In terstitial P n eu m o n ia C h ro n ic H y p ersen sitiv ity  P n eu m o n ia



S am e C ase w ith  D ifferin g  P ath o lo g y



D isease E v o lu tio n  T im e B io ch em ical +  p ath w ay s +  cellu lar ev en ts P ath o lo g ical alteratio n s R ad io g rap h ic ch an g es S y m p to m s P h y sio lo g ic alteratio n s C lin ical S y n d ro m e



D isease E v o lu tio n  T im e B io ch em ical +  p ath w ay s +  cellu lar ev en ts P ath o lo g ical alteratio n s P h y sio lo g ic alteratio n s S y m p to m s R ad io g rap h ic sig n s C lin ical S y n d ro m e F ib ro sis an d  h o n ey co m b in g  F ib ro b lastic fo ci g ran u lo m as F o cu s o f O P  In flam m atio n



P ro g ressio n  o f in terstitial p ro cess T h erap y  Im m u n o R x  ?an tifib ro tic*  ?P A H  th erap y  *  C T D -IL D : co n cep tu al fram ew o rk  fo r fu tu re th erap eu tic ap p ro ach  * n o t reco m m en d ed , aw ait R C T  ev id en ce A cu te ex acerb atio n  ?ro le an d  tim in g  o f b io lo g ics, IV IG , p lasm ap h eresis*



A d u lt L u n g  T ran sp lan ts K ap lan -Meier S u rv iv al b y  D iag n o sis (T ran sp lan ts: Jan u ary  1 9 9 0  –  Ju n e 2 0 1 2 ) 2 0 1 4  JH L T . 2 0 1 4  O ct; 3 3 (1 0 ): 1 0 0 9 -1 0 2 4  h ttp ://w w w .ish lt.o rg /reg istries/slid es.asp ?slid es= h eartL u n g R eg istry  A ccessed  9 /1 5 /2 0 1 5



L u n g  P h y sio crin e E n g in eered  to  T reat Mu ltip le P u lm o n ary  D iseases iMo d .F c P ro g ram



R eso k in e P ro m o tes L u n g  H o m eo stasis E p ith elial d am ag e IL -1 3 , T G F β , T N F , IL -1 β  R eso k in e ag o n ist th erap y  P h arm aco lo g ic resto ratio n  o f tissu e h o m eo stasis an d  reso lu tio n  o f im m u n e en g ag em en t N atu ral resto ratio n  o f tissu e h o m eo stasis an d  reso lu tio n  o f im m u n e en g ag em en t P ertu rb atio n  In ju ry  In fectio n  G en etic F ib ro cy tes E MT  F ib ro b lasts S ev ere tissu e rem o d elin g  C ircu latio n  N atu ral R eso k in e lev els P ro -in flam m atio n  IL -1 β , T N F , IF N ɣ  T  C ell N eu tro p h il Macro p h ag e Mast C ell



iMo d .F c O v erv iew  O p p o rtu n ity  fo r L u n g  P atien ts iMo d  d o m ain  F c d o m ain  o f an  an tib o d y  E n g in eered  P h y sio crin e iMo d .F c iMo d  d o m ain : R eso k in e sp lice v arian t relativ ely  m o re ex p ressed  in  lu n g  th an  o th er tissu es F c d o m ain : in creased  ex p o su re to  p o ten tially  en ab le o n ce-m o n th ly  d o sin g  in  h u m an s E n g in eered  resu lt: iMo d .F c ~ 3 5 0 x  in creased  ex p o su re v s. iMo d ; w h ile retain in g  T  cell m o d u latio n  activ ity  1 st m o lecu le fro m  in tern al F c p latfo rm



iMo d  D o m ain  in  L u n g  S p lice V arian t E x p ress D ata fo r iMo d  in  L u n g  S p lice v arian t fo r th e iMo d  d o m ain  is relativ ely  m o re ex p ressed  in  lu n g  th an  o th er tissu es Z h o u  et al. T h e Jo u rn al o f B io lo g ical C h em istry  2 0 1 4



F u n ctio n al K n o ck o u t o f R eso k in e P ath w ay  In creases T  C ell In v asio n  P o st D isease In d u ctio n  R o d en t fu n ctio n al k n o ck o u t in d u cin g  id io p ath ic p u lm o n ary  d isease u sin g  B leo m y cin  *  p  <  .0 5



F u n ctio n al K n o ck o u t o f R eso k in e P ath w ay  In creases T  C ell In v asio n  P o st D isease In d u ctio n  R o d en t fu n ctio n al k n o ck o u t in d u cin g  id io p ath ic p u lm o n ary  d isease u sin g  B leo m y cin  *  p  <  .0 5



iMo d .F c (R eso k in e P ath w ay ) O u tp erfo rm s C u rren t T reatm en ts E stab lish ed  R o d en t Mo d el fo r Id io p ath ic P u lm o n ary  F ib ro sis (IP F ) * T h e A sh cro ft scale fo r th e ev alu atio n  o f b leo m y cin -in d u ced  lu n g  fib ro sis is th e an aly sis o f stain ed  h isto lo g ical sam p les b y  v isu al assessm en t Im p ro v em en t in  A sh cro ft S co re (% )*  (R ed u ctio n  in  F ib ro sis) T G F  β  A b  3 m g /k g  IP  Q O D  D 0 -D  2 1  P irfen id o n e 1 0 0  m g /k g  P O  B ID  D 8 -D  2 1  iMo d .F c 0 .4  m g /k g  IV  m g /k g  D 8 , D 1 5  3 3  T o tal d ru g  am t (m g /k g ) 2 ,8 0 0  0 .8  iMo d .F c o u tp erfo rm ed  p irfen id o n e at 1 /3 5 0 0 th  to tal d o se T w o  d o ses o f iMo d .F c o u tp erfo rm ed  1 1  T G F β  A b  d o ses S u p erio r activ ity  in  estab lish ed  IP F  fib ro tic m o d el V eh icle



B io m ark er/MO A : In tro d u ce m ech an istic/P D  assay  G MP  Man u factu rin g : C o m p lete in itial clin ical trial su p p ly  IN D  E n ab lin g : In itiate p reclin ical safety  stu d ies A ctiv ity  in  in d u stry  p ro v en  m o d el o f IP F  (ap p ro v ed  d ru g s P irfen id o n e &  N in ted an ib ) G MP  m an u factu rin g  k ick ed  o ff R at/n o n -h u m an  p rim ate n o n -G L P  safety  &  P K  d ata su p p o rt ad v an cem en t to  IN D  Milesto n es: 2 0 1 7  D ev elo p m en t G o als: iMo d .F c: S tatu s an d  2 0 1 7  D ev elo p m en t G o als C lin ical T rial: In itiate first in  h u m an  clin ical trial



Q u estio n s?
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