Evaluation of Dehydrated Human Umbilical Cord Biological Properties for Wound Care and Soft Tissue Healing

Jeremy J. Lim, PhD; Jennifer Leis, PhD; Jenn D. Bullard?; Desert Foot, November 7-10, 2018 MlMed
Anna Fallon, PhD; Michelle Massee; Thomas J. Koob, PhD Phoenix, Arizona MiMedx Group, Inc., Marietta, GA

Background __ Methods
» Although these fetal membranes have been successfully — dHUC Extracts - | - | ‘ dHUC Contains ECM Components and Regulatory Proteins ‘ dHUC Stimulates Human Dermal
used for the treatment of chronic wounds, the umbilical » dHUC was minced, and allowed to extract overnight at 4°C into basal media m— — . . .
d h di : : I fr f > Ti id db trif t d extract rerile it g DHUC SOLUBLE PROTEIN COMPOSITION Figure 1. Immunofluoresence Fibroblast Mlgratlon
cor dS gdrnered increasing attention as an a Ogra t Tor ISSue resiaue was remove y centritugation, anad extracts were sterilie riitere — staining of dHUC grafts (left),
soft tissue healing? Migration i ccepir(masx  PrOtein composition of dHUC 1% Positve
ope . . 5 or cell-cell) X -
> The umbilical cord transports oxygen and nutrients from the > Human dermal fibroblasts (HDFs) were plated at 10,000 cells/well in a 96-well Protease and 18% 'ysatte_s reporte‘tj af.percft”tt | 3 o Control pioure 2. Migration of
. : . e protein concentration of tota 2 % ——dHUC .
placenta to the fetus and is composed of amnion plate and allowed to adhere overnight Coll Nucke overay " chemokie protein amount detected (right). & 70 dHC  HDFs over 72 hours in
. . . . . . . ' ) e 1= . response to 20mg/mL
epithelium, two arteries, one vein, and Wharton'’s jelly? » A cell-free lane was created in each well using a WoundMaker tool (Essen) Native umbilical cord ECM § Negative 8/
— : : oL : : components, such as collagen |, 5 0 Control  dHUC treatment.
> Preliminary studies have shown that a cryopreserved > Cells were treated with positive and negative control media, or dHUC extract at 20, HA, fibronectin and laminin were 3 *° dHUC treatment at
. ' =
umbilical cord product has been used as a graft to treat 10, 5, or 1 mg/mL (Table 1) detected in dHUC tissue. 241 0 28 : z‘l’)";%zr‘a’i’f:’:";s:ter
: T PR : : : : : : regulatory proteins were s .
complex foot ulcers and can promote re-epithelialization in > Percent wound confluence was determined using an image processing algorithm = = nent Amounts —22" deiected ’;Zthmanyhaving e 18 4~ than the negative
a murine corneal abrasion model® to differentiate HDF cells and cellular debris from background to avoid the amnatory functions that play a role in tissue 0 6 12182430 36 42 48 54.60 66 72 control.
. . . . . . . Fibronectin 4446 +176.8 ng/mg ot — mo lf)oatof . . ,
> It has yet to be determined whether these properties and influence of user bias during image analysis Laminin 183.0 + 48.3 pg/mg e AT G remodeling and homeostasis. e Blapsed (ot
. . . . . c - H | i A d 6765 + 549 controlsat 72 hours, p<0.05.
biological signals also exist in a dehydrated form of the Table 1. Media formulations ket - R
> . L . Cell specific media WITH serum supplement (VEGF)
In this study, donated umbilical cords were processed using Cell specific media WITHOUT serum Cell specific media-+ 20ng/mL VEGF + 1000uM suramin Positive Control Negative Control Vehicle Control SO
. . + Negative Control . : : 5
a proprietary gentle cleansing process’, dehydrated under supplement Cell specific media only (Vehicle Control)
o ] . dHUC extracted overnightinto basal media L o =
Controlled CondlthnS, and termlna”y Sterlllzed dHUC Extract e - dHUC extracted overnightintobasal media (withoutserum) A
CC”S.S
Purp ose Endothelial Cell Vessel Formation S 3
» Adipose-derived stem cells (ADSCs) and human endothelial colony forming cells ‘gzj
The aim of this study was to characterize PURION® PLUS- (ECFCs) provided by the Angiogenesis StemKit (Essen) were co-cultured in a 96- S 15
processed dehydrated human umbilical cord* (dHUC) and well plate B0 YEN e =V LN M ASER fe g v = "
identify its biological properties relevant to wound healing. » Cells were treated with positive or negative control media, or dHUC extracts at 10, W TP o e g 7 S e A e T LR .
'\ P = ‘ et )/ s, ' A | 24 hours 7 days 14 days 22 days 42 days 97 days
T T L
> Tube formation, measured as network area (mm?/mm?) and network length . o "™ s [ owerlammton | Resiue el
£ : : : 9 p, 8 difference from Could notbelocted nomaranimals, e
Extracellular Matrix and Regulatory Protein Composition (mm/mm?), by the ECFCs was quantified using the Angiogenesis module (Essen) Al 1 Iy 5 o I llatergroues |
> Embedded dHUC was cryosectioned, stained for collagen In vivo Biocompatibility and Bioresorption o “ o dhff'f | Zi.”rf.i;‘oﬁﬂiﬁitcsaﬁﬁ,r;ti}?sr?? aeri?d -
type |, hyaluronic acid (HA) and DAPI » 5mm x 5mm dHUC grafts were implanted subcutaneously in 22 normal Sprague- - * : * d'l subcutaneous implant model at 24 hours,
> HA’ |aminin’ and fibroneCtin Were quantified USing Single DaWIey rats (T3 Laboratories, Atlanta’ GA) ; Positive Nme Vehicle dHUC dHUC dHUC ¢ Positive Nge Vehicle dHUC dHUC dHUC Sr:%fzzesgi/:ré%(zﬂ; gadyasy(sl’e:t? dhaiZ:’OlzozgidCaaTss’Ciii:Z?Z’raor:/der‘gaTl
> Tissue samples were harvested en bloc from the implant site 24 hours, 7, 14, 22 T M ™ ) g o eear
factor ELISA (Table 3) . . . P . . ) P ) ) S ’ ’ Figure 3. Fluorescent images of tagged ECFCs (green) tube formation |nflam.mat|on and re5|dt.JaI implant
> Soluble regulatory protein characterization was measured 42, and 97 days after implantation WIS oo BRI | after 72 hours (top), angiogenic response measured by average material over 97 days (right).
: : : ® » Tissues were fixed, embedded in Pa raffin | score Linflammation |__________Residual material ___ network length and network area in response to dHUC extracts dHUC tissue does not elicit an adverse effect and is actively resorbed when implanted. Moderate inflammation was
2l e mUItIplex ELISA QuantlbOdy and performed by ’ " G rone None present. ; ; ; observed but declined after 97 days as the implant was degraded, as seen by the lack of detection in three animals at
RavBiotech sectioned and stained with hematoxylin Extensive bioresorption with less than one (bottor.n). dHUC treatment promotes an angiogenic response in i . Yy P g ’ y
y . ; Rare, 1-5/hpf.  third of original amountof test or control ECFCs in a dose dependent manner. that timepoint.
References . . . . . - and eosin (H&E) and Movat’s material remainin
1. KoobTlJ,Lim JJ, Massee M, Zabek N, Denoziere G. Properties of dehydrated human amnion/chorion composite grafts: Implications for wound Vod tebi g i th bet -
repair and soft tissue regeneration. Journal of Biomedical Materials Research Part B. ;102: -62. 1 1 oderate bioresorption wi etween one-
2. SpFl)eray(Jj, Lofgtatn P, Pakg.The(jeveltpmer:t,];'lcgructurianIdekt)odfIIOSVwithi:tiertu?nsi?ili\llcoozrj‘b\:vsifhiérticuIarreferencetothevenoussystem. PentaChrome Staln (Allzee PathOIOgy’ Mild 5—10/hpf third and two—thirdrs)oforiginalamountof CO“CIUS'O“S
3. é:;trtaola\/i/ilajrlljaoquur;]ig&I::ts’:rl:)zg,i’-\rjmggicei:oes'azgljzciifgr;lE(,)zB.eggsD,etaI.A retrospective study of cryopreserved umbilical cord as an Thurmont, MD) | | testor ContrOImaterialremaining- c 5 _© c . c
adjunctive therapy to promote the healing of chronic, complex foot ulcers with underlying osteomyelitis. Wound Repair Regen. 2016;24:885-93. . . Moderate, Mild bioresorption with approximately two- dHUC is a promising thera PY for the treatment of acute and chronic wounds due to its vast regU|at0ry prOtE|n content, ECM com pOnentS and
. . - > Images were SCOred for |nﬂammat|0n and heavy thirds of original amountoftest or control “1: . . . . . . y: H :
Data published in Bullard J, et al. JBMR: B. 2018; DOI: 10.1002/jbm.b.34196 residual material by an independent R i ability to promote cell responses such as proliferation, migration and angiogenesis. Additionally, dHUC does not elicit an adverse effect and is
8 Both authors contributed equally to this work; " PURION® PLUS process; ~ EpiCord® ’ Severe Little to no bioresoroti : . . . T . . .
y ’ , ptionofresidual testor
umbilical cord allograft: EpiCord® and PURION® PLUS are registered trademarks of beand ceriiled Wsomsihelasre: (Tl 2 n erere (itle o nobiore actively resorbed when implanted in a rat model. These findings demonstrate that dHUC has biological properties that can promote cell

MiMedx Group, Inc., Marietta, GA. activity involved not only in wound closure, but also other general healing responses necessary for soft tissue regeneration.



