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Placental	
  ?ssues	
  were	
  first	
  used	
  for	
  wound	
  and	
  burn	
  applica?ons	
  in	
  the	
  early	
  
1900s;	
   further	
   research	
   has	
   shown	
   that	
   these	
   membranes	
   also	
   contain	
   a	
  
number	
   of	
   growth	
   factors	
   and	
   cytokines	
   beneficial	
   to	
   tendon	
   healing,	
  
including	
  FGF,	
  IGF-­‐I,	
  PDGF,	
  TGF-­‐β,	
  and	
  TIMPs.	
  The	
  purpose	
  of	
  this	
  study	
  was	
  
to	
   inves?gate	
  growth	
   factors	
  and	
  cytokines	
   important	
   to	
   tendon	
   repair	
  and	
  
poten?al	
   mechanisms	
   of	
   ac?on	
   using	
   a	
   commercially-­‐available	
   amnio?c	
  
suspension	
   allograO	
   (ASA)	
   consis?ng	
   of	
   cells	
   from	
   the	
   amnio?c	
   fluid	
   and	
  
amnio?c	
  membrane	
  par?culate.	
  

Growth	
  factors	
  from	
  ASA	
  (n=20	
  donors)	
  were	
  measured	
  using	
  a	
  quan?ta?ve	
  
mul?plex	
   ELISA.	
   Commercially-­‐available	
   human	
   adult	
   tenocytes	
   from	
   three	
  
male	
   donors	
   ages	
   61-­‐81	
  were	
   used	
   for	
   experiments.	
   Tenocyte	
   prolifera?on	
  
was	
   evaluated	
   by	
   adding	
   condi?oned	
   media	
   (CM)	
   made	
   from	
   ASA	
   at	
  
concentra?ons	
  of	
   50%,	
   25%,	
   10%	
   (v/v)	
   CM	
  and	
  measuring	
   cell	
   prolifera?on	
  
using	
   AlamarBlue	
   at	
   days	
   3,	
   7,	
   10,	
   and	
   14	
   (n=12	
   per	
   group).	
   Tenocyte	
  
migra?on	
  was	
  evaluated	
  using	
  standard	
  Boyden	
  chamber	
  assays;	
  ASA	
  CM	
  was	
  
added	
  at	
  concentra?ons	
  of	
  50%,	
  25%,	
  10%,	
  1%	
  (v/v)	
  and	
  assessed	
  following	
  
24	
   hours	
   of	
   migra?on	
   (n=24	
   per	
   group).	
   Gene	
   expression	
   of	
   ECM	
  
components,	
  including	
  Col1A1,	
  Col3A1,	
  elas?n	
  (ELN),	
  decorin	
  (DCN),	
  tenascin	
  
C	
   (TNC),	
  and	
  VEGF,	
  were	
  quan?fied	
   in	
   tenocytes	
  with	
  and	
  without	
  ASA	
  CM.	
  
Cells	
   were	
   collected,	
   then	
   RNA	
   was	
   isolated	
   and	
   converted	
   to	
   cDNA	
   using	
  
reverse	
   transcrip?on.	
   TaqMan	
   probes	
   were	
   used	
   to	
   evaluate	
   fold-­‐change	
  
expression	
  compared	
  to	
  the	
  GAPDH	
  housekeeping	
  gene.	
  
	
  
Our	
  overall	
  hypothesis	
  was	
  that	
  placental-­‐derived	
  products	
  s?mulate	
  tendon	
  
repair.	
   To	
   assess	
   this,	
   we	
   evaluated	
   the	
   effects	
   of	
   an	
   ASA	
   on	
   tenocyte	
  
prolifera?on,	
  migra?on,	
  and	
  ECM	
  gene	
  expression.	
  

ASA	
  contained	
  physiologically-­‐relevant	
   levels	
  of	
   growth	
   factors,	
   including	
  
aFGF,	
  bFGF,	
  IGF-­‐I,	
  IL-­‐1Ra,	
  IL-­‐6,	
  PDGF-­‐BB,	
  TGF-­‐β1,	
  TGF-­‐β3,	
  TIMP-­‐1,	
  TIMP-­‐2,	
  
and	
  TIMP-­‐4	
  (Table	
  1).	
  These	
  factors	
  have	
  been	
  implicated	
  in	
  tendon	
  repair	
  
in	
   preclinical	
   and	
   clinical	
   studies10-­‐12.	
   Furthermore,	
   when	
   examining	
   the	
  
effect	
  of	
  ASA	
  CM	
  on	
  tenocyte	
  prolifera?on,	
  there	
  was	
  a	
  significant	
  increase	
  

Placental-­‐derived	
  membranes	
  have	
  been	
  used	
  historically	
   for	
   severe	
  wound	
  
and	
   burn	
   cases;	
   aOer	
   applica?on	
   of	
   the	
   membranes,	
   pa?ents	
   had	
   less	
  
infec?on	
  and	
   trauma,	
  more	
   robust	
  healing,	
   and	
  decreased	
  pain1,2.	
  Amnio?c	
  
membranes	
   contain	
   a	
   number	
   of	
   molecules,	
   including	
   IL-­‐1Ra	
   and	
   TIMPs,	
  
which	
  can	
  promote	
  an	
  an?-­‐inflammatory	
  environment3,4,	
  as	
  well	
  as	
  IGF-­‐I	
  and	
  
TGF-­‐β,	
   which	
   support	
   tendon	
   healing	
   processes5,6.	
   Presently,	
   placental-­‐
derived	
  membrane	
  are	
  becoming	
  more	
  widespread	
  for	
  u?lity	
  in	
  orthopaedic	
  
treatments7.	
   One	
   alterna?ve	
   to	
   intact	
   membrane	
   graOs	
   is	
   the	
   use	
   of	
   an	
  
injectable	
  ASA,	
  which	
  combines	
  the	
  benefit	
  of	
  amnio?c	
  membrane	
  and	
  cells	
  

Results	
  

Figure	
  1:	
  Tenocyte	
  prolifera?on	
  with	
  ASA	
  condi?oned	
  media.	
  Mean	
  ±	
  standard	
  
devia?on	
  reported;	
  n=12	
  per	
  group.	
  *	
  denotes	
  p<0.05;	
  ***	
  denotes	
  p<0.001,	
  §	
  
denotes	
  p<0.0001	
  compared	
  to	
  assay	
  media	
  control.	
  

Figure	
  2:	
  Tenocyte	
  migra?on	
  with	
  ASA	
  CM.	
  Mean	
  ±	
  standard	
  devia?on	
  reported;	
  n=24	
  
per	
  group.	
  §	
  denotes	
  p<0.0001	
  compared	
  to	
  assay	
  media	
  controls.	
  

Figure	
  3:	
  Gene	
  expression	
  of	
  ECM	
  markers	
  in	
  tenocytes	
  with	
  and	
  without	
  ASA	
  CM.	
  
Mean	
  ±	
  standard	
  devia?on	
  reported;	
  n=9	
  per	
  group.	
  

1.  Sabella	
  N.	
  Use	
  of	
  fetal	
  membranes	
  in	
  skin	
  graOing.	
  Med	
  Rec.	
  1913;83:478-­‐480.	
  
2.  Stern	
  M.	
  The	
  graOing	
  of	
  preserved	
  amnio?c	
  membrane	
  to	
  burned	
  and	
  ulcerated	
  surfaces,	
  subs?tuing	
  skin	
  graOs.	
  J	
  Am	
  Med	
  Assoc.	
  1913;60(13):973.	
  
3.  Hao	
  Y,	
  Ma	
  DH-­‐K,	
  Hwang	
  DG,	
  Kim	
  W-­‐S,	
  Zhang	
  F.	
  Iden?fica?on	
  of	
  An?angiogenic	
  and	
  An?inflammatory	
  Proteins	
  in	
  Human	
  Amnio?c	
  Membrane.	
  

Cornea.	
  2000;19(3):348-­‐352.	
  
4.  Kim	
  JS,	
  CHAN	
  KJ,	
  KUK	
  NB,	
  MOON	
  JJ,	
  YONG	
  SC.	
  Amnio?c	
  Membrane	
  Patching	
  Promotes	
  Healing	
  and	
  Inhibits	
  Proteinase	
  Ac?vity	
  on	
  Wound	
  Healing	
  

Following	
  Acute	
  Corneal.	
  Exp	
  Eye	
  Res.	
  2000;70:329-­‐337.	
  
5.  Schlabritz-­‐loutsevitch	
  N,	
  Li	
  CUN,	
  Nathanielsz	
  PW.	
  Insulin-­‐Like	
  Growth	
  Factors	
  and	
  Placental	
  Func?on.	
  Science	
  (80-­‐	
  ).	
  2007;(October):201-­‐224.	
  
6.  Lyall	
  F,	
  Simpson	
  H,	
  Bulmer	
  JN,	
  Barber	
  A,	
  Robson	
  SC.	
  Transforming	
  growth	
  factor-­‐beta	
  expression	
  in	
  human	
  placenta	
  and	
  placental	
  bed	
  in	
  third	
  

trimester	
  normal	
  pregnancy,	
  preeclampsia,	
  and	
  fetal	
  growth	
  restric?on.	
  Am	
  J	
  Pathol.	
  2001;159(5):1827-­‐1838.	
  
7.  Riboh	
  JC,	
  Saltzman	
  BM,	
  Yanke	
  AB,	
  Cole	
  BJ.	
  Human	
  Amnio?c	
  Membrane-­‐Derived	
  Products	
  in	
  Sports	
  Medicine:	
  Basic	
  Science,	
  Early	
  Results,	
  and	
  

Poten?al	
  Clinical	
  Applica?ons.	
  Am	
  J	
  Sports	
  Med.	
  2016;44(9):2425-­‐2434.	
  
8.  Vines	
  JB,	
  Alipran?s	
  AO,	
  Gomoll	
  AH,	
  Farr	
  J.	
  Cryopreserved	
  Amnio?c	
  Suspension	
  for	
  the	
  Treatment	
  of	
  Knee	
  Osteoarthri?s.	
  J	
  Knee	
  Surg.	
  2016;29(6):

443-­‐450.	
  
9.  Sclafani	
  JA,	
  Liang	
  K,	
  Mosley	
  D,	
  Prevost	
  M.	
  A	
  Retrospec?ve	
  Chart	
  Assessment	
  of	
  Clinical	
  Outcomes	
  aOer	
  Amnio?c	
  Suspension	
  AllograO	
  Is	
  Used	
  during	
  

Spinal	
  Arthrodesis	
  Procedures.	
  2016;(March):150-­‐156.	
  
10.  Tokunaga	
  T,	
  Shukunami	
  C,	
  Okamoto	
  N,	
  et	
  al.	
  FGF-­‐2	
  S?mulates	
  the	
  Growth	
  of	
  Tenogenic	
  Progenitor	
  Cells	
  to	
  Facilitate	
  the	
  Genera?on	
  of	
  

Tenomodulin	
  -­‐Posi?ve	
  Tenocytes	
  in	
  a	
  Rat	
  Rotator	
  Cuff	
  Healing	
  Model.	
  Am	
  J	
  Sports	
  Med.	
  2015;43(10):2411-­‐2422.	
  
11.  Solchaga	
  LA,	
  Penick	
  K,	
  Goldberg	
  VM,	
  Caplan	
  AI,	
  Welter	
  JF.	
  Fibroblast	
  Growth	
  Factor-­‐2	
  Enhances	
  Prolifera?on	
  and	
  Delays	
  Loss	
  of	
  Chondrogenic	
  

Poten?al	
  in	
  Human	
  Adult	
  Bone-­‐Marrow-­‐Derived	
  Mesenchymal	
  Stem	
  Cells.	
  Tissue	
  Eng	
  Part	
  A.	
  2010;16(3):1009-­‐1019.	
  
12.  Costa	
  MA,	
  Wu	
  C,	
  Pham	
  BV,	
  Chong	
  AKS,	
  Pham	
  HM,	
  Chang	
  J.	
  Tissue	
  engineering	
  of	
  flexor	
  tendons:	
  op?miza?on	
  of	
  tenocyte	
  prolifera?on	
  using	
  

growth	
  factor	
  supplementa?on.	
  Tissue	
  Eng.	
  2006;12(7):1937-­‐1943.	
  
13.  Huegel	
  J,	
  Mauck	
  R,	
  Soslowsky	
  L,	
  Kuntz	
  AF.	
  Differen?al	
  Effects	
  of	
  Growth	
  Factors	
  on	
  Neonatal	
  and	
  Adult	
  Achilles	
  Tenocytes.	
  2015;3(Fig	
  1):165-­‐168.	
  
14.  Chan,	
  KM,	
  Fu	
  SC,	
  Wong	
  YP,	
  Hui	
  WC,	
  Cheuk	
  YC,	
  Wong	
  MW.	
  Expression	
  of	
  transforming	
  growth	
  factor	
  beta	
  isoforms	
  and	
  their	
  roles	
  in	
  tendon	
  healing.	
  

Wound	
  Repair	
  Regen.	
  2008	
  May-­‐Jun;16(3):399-­‐407.	
  
15.  Sun	
  HB,	
  Andarawis-­‐Puri	
  N,	
  Li	
  Y,	
  et	
  al.	
  Cycle-­‐dependent	
  matrix	
  remodeling	
  gene	
  expression	
  response	
  in	
  fa?gue-­‐loaded	
  rat	
  patellar	
  tendons.	
  J	
  Orthop	
  

Res.	
  2010;28:1380-­‐1386.	
  
16.  Chiquet-­‐Ehrismann	
  R,	
  Tucker	
  RP.	
  Connec?ve	
  ?ssues:	
  signaling	
  by	
  tenascins.	
  Int	
  J	
  Biochem	
  Cell	
  Biol.	
  2004	
  Jun;36(6):1085-­‐9.	
  

Table	
  1:	
  Growth	
  factors	
  present	
  in	
  ASA	
  relevant	
  to	
  tendon	
  healing.	
  Tes?ng	
  results	
  from	
  
20	
  human	
  donors.	
  

Literature	
  Review	
  
from	
  the	
  amnio?c	
  fluid8.	
  Clinical	
  studies	
  in	
  various	
  applica?ons	
  have	
  shown	
  
reduced	
  pain,	
  improved	
  mobility,	
  and	
  higher	
  quality	
  of	
  life	
  aOer	
  treatment	
  
with	
   ASA8-­‐9,	
   sugges?ng	
   a	
   poten?al	
   benefit	
   in	
   the	
   use	
   of	
   ASA	
   in	
   tendon	
  
repair	
  applica?ons.	
  	
  

Analysis	
  &	
  Discussion	
  

in	
  the	
  50%	
  CM	
  compared	
  to	
  assay	
  controls	
  at	
  all	
  four	
  ?me	
  points	
  (days	
  3,	
  7,	
  
10:	
  p<0.0001;	
  day	
  14:	
  p<0.001)	
  (Figure	
  2).	
  25%	
  CM	
  was	
  significantly	
  increased	
  
at	
  day	
  3	
  (p<0.001),	
  day	
  7	
  (p<0.05),	
  and	
  day	
  10	
  (p<0.001),	
  while	
  10%	
  CM	
  was	
  
only	
   significant	
   at	
   day	
   3	
   (p<0.001).	
  We	
  hypothesize	
   this	
   response	
   is	
   due	
   to	
  
the	
   presence	
   of	
   FGF,	
   PDGF-­‐BB,	
   and	
   IGF-­‐I	
   in	
   the	
   ASA3.	
   When	
   examining	
  
migra?on,	
   50%	
   CM	
   from	
   ASA	
   resulted	
   in	
   a	
   significant	
   increase	
   (27-­‐fold,	
  
p<0.0001)	
   compared	
   to	
   assay	
  media	
   controls	
   (Figure	
   3).	
   ASA	
   contains	
   both	
  
bFGF	
   and	
   TGF-­‐β3,	
   which	
   have	
   promoted	
   migra?on	
   in	
   previous	
   preclinical	
  
studies13,14.	
  	
  
	
  
Gene	
   expression	
   of	
   ECM	
   proteins	
   was	
   examined	
   in	
   tenocytes	
   with	
   and	
  
without	
  ASA	
  CM.	
  Col3A1	
  expression	
  was	
  significantly	
  increased	
  with	
  ASA	
  CM,	
  
while	
  tenascin	
  C	
  (TNC)	
  was	
  significantly	
  decreased	
  compared	
  to	
  assay	
  media	
  
controls.	
   Previous	
   studies	
   have	
   shown	
   that	
   TGF-­‐β3	
   promotes	
   Col3A1	
  
expression,	
   which	
   is	
   indica?ve	
   of	
   a	
   repair	
   and	
   remodeling	
   response	
   by	
  
tenocytes14-­‐15.	
   Tenascin	
   C	
   expression	
   has	
   been	
   linked	
   to	
   mechanical	
   stress	
  
and	
  inflamma?on;	
  the	
  decrease	
  in	
  gene	
  expression	
  with	
  ASA	
  CM	
  may	
  imply	
  
treatment	
  results	
  in	
  a	
  more	
  an?-­‐inflammatory	
  environment16.	
  
	
  
ASA	
  contains	
  growth	
  factors	
  and	
  cytokines	
  relevant	
  to	
  tendon	
  repair,	
  which	
  
play	
  a	
  role	
  in	
  promo?ng	
  prolifera?on,	
  migra?on,	
  and	
  ECM	
  deposi?on	
  in	
  
human	
  tenocytes.	
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