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Abstract Results Discussion

One in four adults in the US suffer from cartilage degeneration of the Intervertebral Disc (DDD) or load-bearing | I | _ - In the current study, W] allografts were produced through minimal manipulation of human umbilical cord
joints (DJD). Since cartilage is avascular, it has a limited regenerative capacity. Conventional non-surgical | ‘ f. Figure 3. Literature comparison of tissue samples and are denoted as post-processed umbilical cord tissues. It is evident when comparing

treatments provide brief symptomatic relief, have side effects, and do not address the cartilage defect itself. As : ) ‘ | 3 " R e o N Q) SEM images of normal human Figures 1 and 2 that the structural properties of the WJ before and after processing have been retained and

such, new alternatives are needed. Perinatal birth tissue allografts are a novel frontier for bio-mechanical artlculgr cartilage after enzymatic are consistent with FDA guidelines defining minimal manipulation of W] allografts. The diameter of the UCT
depletion of the proteoglycan moiety

cartilage engineering research. The tissues of interest include umbilical cord-derived Wharton's Jelly (WJ). This & : S L g, | | ™ f 3 - 3 and chondrocytes. (a) SEM image of fibers increased from approximately 61nm pre-processing to 65 nm post-processing. This increase could be
study assessed W] tissue samples via ZEISS Supra 55VP Field Emission Scanning Electron Microscope (SEM) at W ‘ | VY Ve SN ZA T N, the collagen fiber meshwork from due to slight swelling from the saline rinse and is not statistically significant. The average diameter of healthy
100 and 300 nm resolution scales. The captured images of pre and post-processed structural tissue matrices in Aan Lt R 4P e Sl | knee surface articular cartilage shows mid-zone articular cartilage is around 67 nm (Figure 3), similar in size and formation to the processed W]

W] allografts were analyzed against themselves and peer-reviewed SEM images of articular cartilage, - 1 Sha A N _C— | T (i) the 67 nm D-band periodicity,(iii) a (Figure 5). This characteristic further confirms minimal manipulation of pre- and post-processed tissue.
intervertebral disc cartilage, and muscle fascia. SEM images of post-processed W]J structural tissue matrices 3 S \‘K - . ot A twisting of the prototypic fibril along Collagen is the most prevalent structural macromolecule within the extracellular matrix, arranged in a

were found to be comparable to structural tissue matrices in human articular cartilage, intervertebral disc AR AN AN wran— RO - — the long axis of roughly about 400 cross-fiber network [14-16]. The strategic linkage of collagen fibers allows the network to provide protection,

. . L L . . nm (white arrow). (b) SEM image of . . . . o
cartilage, and muscle fascia on a qualitative and quantitative level. This is the first study that we are aware of, TE———— T ——— SieEAE e T —— T —— | hip éurface artiCL)JIz(ar)cartiIage v%ith cushioning, and structural support, identical to the role of W} in the umbilical cord[12]. The structure of the
to demonstrate that the structural collagen matrix in post-processed W) allografts are analogous in structure to ' “ " ' | - untwisted fibers (white arrows).(e) . collagen fibers remains intact after processing, affording the WJ allograft the intended function of providing

the cartilage in articular joints, intervertebral discs, and muscle fascia. Figure 1. SEM micrographs of pre-processed umbilical cord tissue samples. (A) SEM image of . ; | " < Graph shows the increase of collagen ~ cushioning and structural support to the site of the structural tissue defect [17,18].
cross-linked collagen structures. (scale bar: 300nm) (B) SEM image of collagenic structure fibers. ' ' " ‘ fiber diameter with the number of The multidirectional collagen network observed in W) appears to be structurally comparative to the

I nt rOd UCtiOn (scale bar: 100nm) (C) SEM image of collagenic structure fibers (scale bar: 100nm). prototypic fibrils. (f) Comparison collagenic organization found in the extracellular matrix of cartilage [16,19]. Previously published research

between fiber diameters in each zone i T . e : o
W] spans the entire length of the umbilical cord, located between the blood vessels of the umbilical cord n hip articular cartilage and knee lndIFates that W] may demonstrate chohdrogenlc dlff.ergntl.a.tlon capabllltlgs, which could be benef|c|a|.|n
cartilage regeneration [19]. The anatomic structural similarities between different collagen networks (Figures

and the amniotic epithelium, providing protection, cushioning, and structural support [2,3] | y § | : R\ PN articular cartilage. Scale bars, 100 nm . . . . .
. . . . . . . ; B, e W] ™ DL AR N AN R S -j -j 3, 6, 7) indicate that human umbilical cord tissue allografts are comparatively homologous in structure to
W] contains cytokines, growth factors, proteoglycans, hyaluronic acid, the biomechanical microarchitecture T g 5 YA , . D AR TN D S R L RN R (a to d). , , , , , |
, s - T iy q N SRRSO SRR A SN v =G surface middle deop the extracellular matrix found in cartilage and dermis. The breakdown of collagen (Figure 4C) results in the
for collagen extracellular matrix [4] | & 7 : NS R E e zone in articular cartilage [nm] deteriorat £ carti 8], Patients with structural i defects tvpicall . . . .
. . . . L a , Bl Tl N '3 R R S e, e eterioration of cartilage [8]. Patients with structural tissue defects typically experience impairments in
ECM is a collagen-based, cross-linked network that provides tensile strength and distributes load. Damage, ‘ ' ‘ , 5 , | , o yP y P , P
. L L . . . . functional outcomes and quality of life. While applications of human umbilical cord tissue allografts have
degeneration or diminished function in collagen cross-bridging will lead to loss of mechanical properties of , L RE , BNy A e . St , , 2 , , ,
VA Q3 7 | 4 NG 8 (IS R N IO . : S — been used extensively in the clinical treatment of cartilage tears, there is also potential for allografts to be
the collagen network [5] e o > P e L P S SN S RN Fas R ' - e TS Fisure 4. Literature comparison of SEM . . . .
. . . . . . . . By £ LAt T O Sl S Sy D e "9 I AN ~ S é.« & - P used in the pathology of intervertebral discs, as well as muscle tears, and deep tunneling wounds [20]. As a
Collagen-specific structural tissue defects can be identified by physical examination and confirmed with Lk B , e e S R b T e A = L 20 W ‘ . A : : images illustrating articular cartilage in . . . . . .
s . e "4 S e S ST =TV ' ‘ SRR & nonsurgical option, applying homologous W] tissue allografts to structural tissue defects warrants clinical
consideration.

MRI or musculoskeletal ultrasound o . L RRGTEEw NS T e “ 7 WL L YRR TS ARG AW TN osteoarthritic patients. SEM image of
Human tissue strength is directly dependent upon the sizeable crosslinking of collagen [9]. Collagen types L s £ . S T AT e AT TN DT DUTA D RN SRA T 3 N grade 3 osteoarthritic cartilage (knee) (a) . . . o . .

; : oE= | | { ' - ' Despite W] being a non-vascular, dense irregular connective tissue, there is also the promise of homologous
with a diameter of 40-60 nm into thinner applications for WJ in vascularized tissue. In figure 6C, the organization of the collagen fibril network in

11, 111, V, VI, and XII have been isolated from W] [2,10]. e T T ——— oo gy T R\ | Naave ./ QR 7 AT breakdown of thicker collagen fibers
fibers down to bundles made of only one skeletal muscle closely resembles the multidirectional collagen fibers seen in the post-processed umbilical

Current research demonstrates that W) exerts an effect independent of any cellular activity [3]
This study aimed to assess W] tissue samples via a ZEISS Supra 55VP Field Emission Scanning Electron Figure 2. SEM micrographs of post-processed umbilical cord tissue samples. (A) SEM image of o o

Y J P 5 Fg)oéﬁtjyzL;flgg:f?il;Lé grsegligcl)::vglirr?aettiesr. cord tissue samples (Figure 2). The extracellular matrix of skeletal muscles comprises a three-dimensional
5 ' architecture consisting primarily of collagen, glycoproteins, and elastin [21]. Forty percent of the human

Microscope (SEM) at 100 and 300 nm resolution scales preserved cross-linked collagen structures. (scale bar: 300 nm) (B) SEM image of preserved random
a wool-like structure (white arrows) with

fibril diameter [n
fibril diameter [n

directional structural composition of collagen fibers. (scale bar: 300 nm) (C) SEM image of

M ethods - nd Mate ria IS multidirectional linkage of collagen fibers (scale bar: Tym). g 0 M OS Y A TN | filaments exhibiting a diameter of d = 13 body weight is composed of skeletal muscle [22]. The application of W) as a homologous allograft in patients
WSS AN %\ Y S o omw, + 2 nm. (c) Degrading articular cartilage with structural tissue defects in skeletal muscle provides an opportunity for future observational and
All methods were completed in compliance with the FDA and American Association of Tissue Banks (AATB) standards. : @8 o\ WL AR Y st - WY A L larger fibers split into smaller sized fibrils orospective clinical studies. The clinical applications of human umbilical cord tissue allografts are profound
Donation and Collection. Human umbilical cords were obtained from consenting donors following full-term Average Collagen Fiber Diameter Figure 5. Fiber diameters were XN S AR ¥ T A & that are often arranged as a highly in both vascularized and non-vascularized structural defects. The utilization of umbilical cord tissue

Cesarean ion deliveries. Prior liver nors underwent comprehensive medical ial, and bl - :' . \ 2y \ <A S N 4 entangled fibrillar meshwork (white . . . . . . " . .
, an sectio .de eries. Frior to d.e © y do ,O > U fje ent comp e, © S, ,e edical, social, and blooc e e s determined from SEM photos of ) T Y717 R PR\ YR BN : 5 Scale bars. 500 ( d o) allografts in regenerative medicine will be continually enhanced with additional discoveries of homologous
testing. All donations were tested for infectious disease in accordance with Clinical Laboratory Improvement el sl e post and pre-processed UCT ’ | | | arrows). >cale bars, nm (a and o),

. . N , , 100 nm use applications in clinical research data.
Amendments (CLIA) of 1988, 42 CFR part 493, and FDA regulations. Each test was performed with an Normal human articular cartilage - I tissues and compared with

FDA-Approved testing kit [See Appendix Al. All test results were negative or non-reactive. Post-Processed UCT I diameters found inthe CO n CI usions
Preparation of the Pre-Processed Umbilical Cord Tissue Samples. All procedures were performed in IR S e " — — p— Supramolecular Organization of Through observational, collagenic structural comparison from SEM images, W] demonstrates the

. . . . . . . . Collagen Fibrils in Healthy and
accordance with strict aseptic technique. In an ISO class 5 biologic safety cabinet, the umbilical cord was . i ' ' ' ' AN i ' - '
P g & y : i ? 3 i i % 7 9 Osteoarthritic Human Knee and Figure 6. Literature comparison of SEM potential to be used as an architectural scaffold for ECM supplementation in cartilage-based tissue

Aiar=sms Aismes : -
B Average diameter in nn

: : ) : - - : : NN B e e b o AL B S, L skeletal muscle collagen types I, I, V, VI, — : : : : TR
were cut and placed on a sterile drying tray. The cross-sections were then desiccated in a high nitrogen CRARRT e R b 1asen typ characteristics. Further, the SEM images demonstrate comparative microarchitectural characteristics in
concentration drvine chamber .\ G TR et R o and Xll have been isolated from WJ. (A) , , . , , , ,
ying . A Fiber - o A TONE ¢ S & . NI Sections of ECM separated from muscle post-processing W] samples and ECM in articular cartilage and peri-muscle fiber fascia. The shared SEM

Preparation of Processed Umbilical Cord Tissue Samples Product. Wharton's jelly was aseptically i AN e T S .\ Figure 7. Scanning electron s B B gl ¥ | P fibers during sample preparation. characteristics are consistent between both tissue types, supporting homologous use.

dissociated from the rinsed umbilical cord. After dissociation, 150mg of Wharton's Jelly was suspended in g\ - E— NEE S N A2 47\ \ microscopy of native skin. In ‘ j.‘;_; i) B o 19 Sections are represented by white . :

approximately 2 mL of sterile Sodium Chloride 0.9% solution (normal saline). The sample was not combined '. N, >C\._f¢ Y AR e e Y the higher 10,000x :*-:,  | '~ ‘\’j: e 45 recta.ngle.s. (scale bar: 1QJm) (B) Futu re D| rect|ons

with cells, tissues, or any other articles save the exceptions outlined in 21 CFR Part 1271.10(a)(3) (Human Cells, o iy SSRGS, N | SN /. L\ | magnification type | collagen R Lo DR S SR Pt Longitudinal ECM organization is seen , , _ , , ,
Tissues, and Cellular and Tissue-Based Product Regulation). The manufacture of the HCT/P does not involve >, S g AR P ' i@ “% ) clotting was observed AF ey - o Y ‘ 5 on the fiber ;urface, as noted by the n futurg work, we intend to use prc.)teomlc ar}aly5|s of collagen fibers to confirm the ahatomlcgl

the combination of the cells or tissues with another article, except for water, crystalloids, or a sterilizing, (interrupted circles) R | AT, rc%ifgnegﬁlﬁél}Fﬁ;’tﬁgﬂieo?agnzi;amf) compari-on between human. uml?lllcal cora .tlssue allograftsf skeletal .m.uscle, and .c.artllage. Th's
breserving, or storage agent, provided that the addition of water, crystalloids, or the sterilizing, preserving, or accompanied by a loss of & & analysis would be coupled with high-resolution confocal antibody staining of umbilical cord tissue to

, o | . cross-linkine collagens. Scale observed through the central region of . L . . .
storage agent does not raise new clinical safety concerns with the respect to the HCT/P15. Scanning Electron bar 1 pm Tﬁe megn collagen an ECM patch. (scale bar: 2um) (D) ECM allow for differentiation between the different types of collagen in the extracellular matrix. Future case

Microscope Imaging. Pre-processed and post-processed desiccated tissue samples were received by the : : :_;;.: = x =% -:;.";-; ) - P Y fiber diameter from papillary patch appears firmly connected to the studies documenting um.b.ilical cord tissue.allograft.efficacy could i!wclude applications in orthopedics,
University of Montana laboratory for analysis and electron microscope imaging. The tissue samples were SN N e Tl St | AN S reticular dermis in normal N B e ek o R e i _ ,‘ skeletal muscle fiber surface. (scale bar: gerontology, sports medicine, general family medicine, and operating rooms. These advancements and
transferred to a sticky carbon surface (PELCO Tab, Ted Pella, Inc.) and coated with a thin layer of iridium (60 N | A - s e ; & " skinwas 56.2 +/- 2.5 nm and & Gk R \ 2 pm commercial coverage of Wj allografts would increase physician and patient access to commercially
seconds at 25 mA, Emite K575X Sputter Coater) to mitigate charging in the microscope. The tissue samples = =2 TN N el Xone” ol - = N 62.8 +/- 4.3 nm respectively e i A o, S8 ™ available umbilical cord tissue allografts. Ease of access to perinatal birth tissue allografts like Wharton's
were then examined via a ZEISS Supra 55VP Field-Emission Scanning Electron Microscope (SEM) at a 100 and —— - T S R T . T Jelly could dramatically improve community health, and reduce global surgical healthcare costs.

300 nm scale of resolution.
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