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A.	  

Insert	  Quansys	  Growth	  Factor	  Data	  

(Angiogenesis	  Plate)	  from	  BioD	  

Restore,	  Ova/on,	  and	  Pooled	  

Platelet	  Lysate	  Here…	  

	   	   	   	   	   	   	   	   	   	  Product	  Pla:ng:	  Placental	  /ssue-‐derived	  products	  (AmnioFix	  Sports	  Med,	  BioDRestore,	  FloGraS	  

Freedom,	   and	   Ova/on	   Cellular	   Repair	   Matrix)	   were	   recons/tuted	   or	   thawed	   following	   the	   supplied	  

manufacturer’s	   recommended	   protocols	   and	   diluted	   1:10	   (v/v)	   in	   Complete	   Culture	   Medium	   (CCM).	  	  

Products	   were	   plated	   in	   24-‐well	   plates	   and	   were	   allowed	   48	   hours	   of	   incuba/on	   for	   cell	   afachment.	  

Images	   were	   taken	   via	   phase	   contrast	   microscopy	   before	   and	   aSer	   washing	   wells	   with	   phosphate	  

buffered	  saline	  (PBS).	  Afached	  par/cles	  were	  subsequently	  monitored	  for	  cellular	  outgrowth.	  

	   	   	   	   	   	   	   	   	   	  Flow	  Cytometry:	  Products	  were	  treated	  with	  10%	  collagenase	  and	  hyaluronidase	  for	  two	  hours	  to	  

help	  eliminate	  extracellular	  matrix	  proteins	  from	  the	  analysis.	  Following	  enzyma/c	  diges/on,	  the	  contents	  

of	   each	  product	  were	  pelleted	  and	   resuspended	   in	  phosphate	  buffered	   saline.	   Forward	   scafer	   vs.	   side	  

scafer	  plots	  were	  generated	  from	  200,000	  events	  collected	  using	  a	  BD	  Accuri	  C6	  flow	  cytometer.	  

	  	  	  	  	  	  	  	  	  	  Cell	  Culture:	  Passage	  2	  bone	  marrow-‐derived	  human	  mesenchymal	  stem	  cells	  (hMSCs)	  from	  three	  

donors,	  two	  females	  (ages	  47	  and	  73)	  and	  one	  male	  (age	  53),	  were	  plated	  in	  CCM	  within	  96-‐well	  plates	  

and	   were	   allowed	   24	   hours	   for	   cell	   afachment.	   Pla/ng	   medium	   was	   aspirated,	   and	   placental	   /ssue-‐

derived	   products,	   diluted	   1:10	   (v/v)	   in	   CCM	   or	   Serum-‐Free	   medium,	   were	   added	   to	   the	   cultures.	  

Quan/fica/on	   of	   reac/ve	   oxygen	   species	   (DCFDA)	   was	   performed	   24	   hours	   aSer	   introduc/on	   of	   the	  

placental	  /ssue-‐derived	  products,	  while	  quan/fica/on	  of	  DNA	  (PicoGreen)	  was	  performed	  aSer	  72	  hours.	  

B.	   C.	  

1000	  µm	  A.	  

D.	  

(A)	  Phase	  contrast	  microscopy	  images	  of	  placental	  /ssue-‐derived	  products	  taken	  

48	  hours	   following	  product	  pla/ng.	  Representa/ve	   images	  are	   indica/ve	  of	   the	  

large	   varia/on	   in	   par/culate	   content	   observed	  within	   the	   four	   tested	   products	  

(upper	   row,	   40X	   magnifica:on)	   and	   the	   morphological	   characteris/cs	   of	   the	  

afached	   elements	   (lower	   row,	   200X	   magnifica:on).	   Ova/on	   Cellular	   Repair	  

Matrix	  did	  contain	  one	  adhered	  element	  exhibi/ng	  typical	  cellular	  morphology*;	  

however,	   no	   prolifera/on	  was	   observed	   (inset).	   (B)	  Moreover,	   forward	   scafer	  

(size)	  vs.	  side	  scafer	  (granularity)	  plots	  from	  flow	  cytometry	  analyses	  of	  placental	  

/ssue-‐derived	  products	  show	  an	  absence	  of	  clearly	  defined	  cell	  popula/ons.	  

(C)	  Typical	   forward	   scafer	   vs.	   side	   scafer	   plots	   obtained	   from	  flow	   cytometry	  

analyses	  of	  bone	  marrow	  mononuclear	  cells	  (BMMCs)	  and	  cultured	  hMSCs.	  

B.	  

(B)	  hMSC	  prolifera/on	  as	   assessed	  by	  double-‐stranded	  DNA	  Quan/fica/on	   via	   PicoGreen	   following	  72	  

hours	  of	  culture.	  (C)	  The	  genera/on	  of	  reac/ve	  oxygen	  species	  as	  assessed	  by	  DCFDA	  oxida/on	  following	  

24	  hours	  of	  culture.	  (D)	  The	  effect	  of	  medium	  composi/on	  (serum-‐free	  vs	  pHPL	  containing	  medium)	  on	  

hMSC	  prolifera/on	  and	  reac/ve	  oxygen	  species	  genera/on.	  Significant	  differences	  between	  experimental	  

condi/ons	  were	  only	  observed	  when	  serum-‐free	  medium	  was	  used.	  (*	  P<0.05,	  **	  P<0.001).	  

Placental	  Tissue-‐Derived	  Product	  
Adherent	  Cells	  

	  Present?	  

Culture	  	  

Expandable?	  

Increased	  Cellular	  

	  Prolifera:on?	  

Increased	  ROS	  	  

Levels?	  

AmnioFix	  Injectable	   No	   No	   Yes	   Yes	  

BioDRestore	   No	   No	   Yes	   No	  

FloGraS	  Freedom	   No	   No	   No	   No	  

Ova/on	  Cellular	  Repair	  Matrix	   Yes*	   No	   No	   Yes	  

The	  placental	  /ssue-‐derived	  products	  tested:	  

•  Do	  not	  likely	  contain	  viable	  stem	  cells	  once	  they	  are	  thawed	  per	  the	  manufacturer's	  recommenda/ons.	  

•  Do	  likely	  contain	  some	  ac/ve	  growth	  factors	  that	  may	  have	  posi/ve	  effects	  on	  hMSC	  prolifera/on	  

(AmnioFix	  Sports	  Med	  and	  BioDRestore)	  in	  serum-‐free	  media	  condi/ons.	  However,	  when	  cultured	  with	  

pHPL,	  there	  were	  no	  significant	  differences	  between	  any	  of	  the	  products	  tested.	  	  

•  Do	  not	  generally	  help	  hMSCs	  show	  less	  oxida/ve	  stress.	  In	  fact,	  two	  tested	  products	  were	  shown	  to	  

increase	  the	  presence	  of	  reac/ve	  oxygen	  species	  (AmnioFix	  Sports	  Med	  and	  Ova/on	  Cellular	  Repair	  

Matrix)	  when	  cultured	  in	  serum-‐free	  media	  condi/ons.	  Again,	  there	  were	  no	  significant	  differences	  	  

between	  condi/ons	  when	  cultured	  with	  pHPL.	  

	  

	  	  	  	  	  Placental	  /ssue-‐derived	  products,	  obtained	  from	  amnio/c	  fluid	  and	  the	  amnio/c/chorionic	  membrane,	  

have	  been	   recently	   touted	  as	  effec/ve	  orthobiologics	   in	  promo/ng	   the	   repair	   and	   regenera/on	  of	   soS	  

/ssue	   injuries.	  The	  amnio/c	  membrane	   is	  well	  known	  to	  have	  beneficial	  characteris/cs	  for	  homologous	  

use,	   including	  an/-‐inflammatory,	  an/-‐microbial,	  an/-‐fibro/c,	  and	   low	   immunogenic	  proper/es1.	  Freshly	  

harvested	  membrane	  has	  been	  reported	  to	  func/on	  as	  a	  versa/le,	  temporary	  wound	  covering,	  providing	  

dis/nct	   advantages	   compared	   with	   other	   biological	   dressings2.	   Moreover,	   when	   dehydrated,	   the	  

amnio/c/chorionic	  membrane	  retains	  biologically	  ac/ve	  growth	  factors,	  and	  promotes	  the	  migra/on	  and	  

prolifera/on	   of	   human	   bone	   marrow-‐derived	   mesenchymal	   stem	   cells	   (hMSCs)	   in	   vitro3,4.	   Placental	  

/ssues	   could	   provide	   an	   alterna/ve	   source	   for	   stem	   cells,	   as	   those	   isolated	   from	   amnio/c	   fluid	   and	  

membranes	  have	  been	  reported	  to	  have	  many	  of	  the	  same	  quali/es	  as	  hMSCs5.	  

	  	  	  	  	  	  A	  current	  trend	  in	  placental	  /ssue-‐derived	  products	  is	  the	  microniza/on	  of	  the	  amnio/c	  membrane	  to	  

facilitate	   needle-‐based	   delivery.	   These	   “morselized”,	   flowable	   products	   exist	   in	   a	   dehydrated	   or	  

cryopreserved	   state,	   and	   are	   classified	   as	   361	   Human	   Cellular	   and	   Tissue	   Based	   Products	   (HCT/Ps),	   as	  

defined	  by	  US	  FDA	  21	  CFR	  Part	  1271.	  According	  to	  Part	  1271.10(a),	  a	  361	  HCT/P	  must	  not	  be	  dependent	  

the	  metabolic	  ac/vity	  of	  living	  cells6.	  However,	  many	  of	  these	  products	  are	  currently	  marketed	  as	  a	  form	  

of	  stem	  cell	  therapy,	  implying	  the	  existence	  of	  viable	  cells.	  Here,	  we	  test	  several	  placental	  /ssue-‐derived	  

products	  for	  the	  presence	  of	  stem	  cells	  and	  their	  ability	  to	  modulate	  in	  vitro	  cultures	  of	  hMSCs.	  

hfp://vistahealthcenter.com/bio-‐d-‐treatment/	  

hfps://www.appliedbiologics.com/product-‐showcase/flograS-‐freedom-‐sports-‐injury/	  

hfp://progressivespineandsports.com/regenera/ve-‐treatments/	  

hfps://huebertssc.com/services/stem-‐cell-‐amnio/	  

hfp://discovery.lifemapsc.com/regenera/ve-‐medicine/cell-‐therapy-‐applica/ons/bone-‐ova/on-‐mesenchymal-‐stem-‐cells-‐for-‐bone-‐repair	  

Representa/ve	  phase	  contrast	  microscopy	  images	  

of	   hMSCs	   from	   a	   single	   donor	   cultured	   within	  

placental	   /ssue-‐derived	   products	   48	   hours	   aSer	  

product	   addi/on	   (A).	   Cell	   morphology	   may	   be	  

compared	  against	  hMSCs	  grown	  in	  the	  absence	  of	  

placental	  /ssue-‐derived	  products	  (lower	  leZ).	  	  

CCM	  Formula:on:	  

81.5%	  αMEM	  

16.5%	  pHPL	  

1%	  L-‐Glutamine	  

1%	  An/bio/cs	  

1000	  µm	  

1000	  µm	  

1000	  µm	   1000	  µm	   1000	  µm	  

Gowth	  Factor	  
BioDRestore*	  

(pg/mL)	  

Ova:on	  Matrix	  

	  (pg/mL)	  

pHPL	  

(pg/mL)	  

Angiopoie/n-‐2	  (Ang-‐2)	   <13.3	   <13.3	   143.2	  

Fibroblast	  Growth	  Factor	  Basic	  (bFGF)	   <61.4	   2,880.1	   <61.4	  

Hepatocyte	  Growth	  Factor	  (HGF)	   476.2	   8,681.3	   197.8	  

Interleukin-‐8	  (IL-‐8)	   <9.3	   >4,400.0	   <9.3	  

Platelet	  Derived	  Growth	  Factor-‐BB	  (PDGF-‐BB)	   <5.5	   133.3	   1,099.2	  

Tissue	  Inhibitor	  of	  Metalloproteinase-‐1	  (TIMP-‐1)	   4,533.2	   >24,000.0	   >24,000.0	  

Tissue	  Inhibitor	  of	  Metalloproteinase-‐2	  (TIMP-‐2)	   3,210.5	   4,673.3	   22,776.2	  

Transforming	  Growth	  Factor	  Beta	  (TGFβ)	   10,063.4	   16,539.9	   30,687.6	  

Vascular	  Endothelial	  Growth	  Factor	  (VEGF)	   <3.0	   11.4	   56.0	  

Quan/fica/on	   of	   a	   subset	   of	   growth	   factors	   present	   in	  

BioDRestore,	   Ova/on	   Cellular	   Repair	   Matrix,	   and	   pooled	  

human	  platelet	   lysate	   (pHPL)	   using	   a	  mul/plexed	   ELISA	   array	  

(Quansys	   Biosciences).	   pHPL	   had	   the	   highest	   detectable	  

amounts	  for	  five	  of	  nine	  growth	  factors	  assessed	  (Ang-‐2,	  PDGF,	  

TIMP-‐2,	   TGFβ,	   and	   VEGF),	   while	   Ova/on	   Matrix	   had	   the	  

highest	  amounts	  in	  three	  of	  nine	  (bFGF,	  HGF,	  and	  IL-‐8).	  

Platelet	  Lysate	  

C.	  

Pooled	  Human	  Platelet	  Lysate	  (pHPL):	  

Pooled	  from	  n	  =	  5	  Donors,	  Ages	  26	  –	  68	  Years	  

Pooling	   Freeze	   Centrifuge	  

X2	   >4,000	  x	  g	  

Plasma	  

pHPL	  

Discard	  

Seed	  hMSCs	  from	  3	  

Donors	  in	  Complete	  

Culture	  Medium	  at	  High	  

and	  Low	  Densi/es	  

Add	  Amnio/c	  	  

Products	  1:10	  in	  

Complete	  Culture	  	  

Medium	  or	  Serum-‐	  

Free	  Medium	  

Incubate	  High	  Density	  

Cultures	  with	  DCFDA	  for	  

45	  Minutes,	  Wash,	  

Read	  Fluorescence	  

(Ex.	  485nm/Em.	  538nm)	  

Wash,	  Lyse	  and	  Extract	  DNA	  from	  Low	  

Density	  Cultures,	  Stain	  with	  PicoGreen	  

Read	  Fluorescence	  (Ex.	  485nm/Em.	  538nm)	  

24	  Hours	   48	  Hours	  24	  Hours	  
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Serum-Free pHPL
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Serum-Free pHPL

*Note:	  BioDRestore	  was	  subjected	  to	  an	  addi:onal	  freeze/thaw	  cycle	  prior	  to	  quan:fying	  growth	  factors	  


