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Background: Therapies for cartilage restoration are of great interest, but current options provide limited results. In
salamanders, interzone (IZN) tissue can regenerate large joint lesions. The mammalian homolog to this tissue exists
during fetal development and exhibits remarkable chondrogenesis in vitro. This study analyzed the potential of equine IZN
and adjacent anlagen (ANL) cells to regenerate osteochondral defects.

Methods: Osteochondral defects were created in the knee of immunosuppressed rats and were grafted with cell pellets
from either equine fetal IZN, equine fetal ANL, adult fibroblasts, or adult chondrocytes, or they were left untreated.
Osteochondral repair was assessed after 2, 6, and 16 weeks.

Results: Untreated lesions unexpectedly failed to represent critical-sized defects and at 2 weeks exhibited new subchondral
bone covered by a fibrocartilage layer that thinned over time. Fibroblast-treated defects filled with soft fibrous tissue.
Chondrocyte-treated repair tissue exhibited strong proteoglycan and COL2 staining but poor integration to the adjacent bone.
Defects treated with IZN, ANL, or chondrocyte pellets developed hyaline cartilage with increasing safranin-O and collagen II
staining over time. IZN and ANL repair tissues exhibited some evidence of zonal architecture such as native cartilage and the
best bone integration; nonetheless, they developed exuberant growth, often causing patellar instability and osteoarthritis.

Conclusions: IZN or ANL cells exhibited some potential to recapitulate developmental features during cartilage repair.
However, identifying regulatory determinants of IZN and ANL-derived overgrowths is necessary.

Clinical Relevance: Studies grafting IZN or ANL tissues in larger animal models with regular immune functions may
provide additional insights into improving osteochondral regeneration.

D
evelopmental and traumatic orthopaedic injuries often
result in cartilage defects. The intrinsic repair of mam-
malian articular cartilage is limited1. Hence, the treat-

ment of joint surface lesions is challenging, and the outcome is
often osteoarthritis2, a prevalent condition associated with the
second highest health-care costs in the United States3,4. Devel-
opmental cartilage defects are a common finding in horses and
represent a substantial toll on the horse industry5,6. Therefore,
veterinary and human medicines critically need effective thera-
pies for treating cartilage defects.

Cell therapies for cartilage restoration are of great inter-
est, with microfracture and varying modalities of autologous
chondrocyte implantation currently representing the most used

therapies1,7. However, these approaches most commonly result
in a neotissue with impaired mechanical properties due to poor
integration with the adjacent cartilage and subchondral bone1,7.

During fetal vertebrate limb development, a distinct zone
of cells known as the interzone (IZN) initiates synovial joint
formation. These flattened layers of cells are located between
chondrocytes from the anlagen (ANL) of developing bones8.
IZN cells are the common progenitors of all synovial tissues but
are present only transiently before joint space cavitation9. Unlike
most vertebrates, axolotl salamanders retain developmental fea-
tures during adulthood, including non-cavitated distal joints.
The persistent IZN enables a remarkable ability to regenerate
critical-sized joint lesions8. IZN tissue transplanted into critical-
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sized bone defects in axolotls can generate an entirely new dia-
rthrodial joint10. Cells from the equine IZN and adjacent ANL
tissues exhibit remarkable chondrogenesis in vitro11. ANL cells
exhibit high extracellular matrix (ECM) production comparable
with articular chondrocytes, whereas the histological features of
IZN cell pellets suggest that they could reproduce the zonal
architecture of articular cartilage. These findings suggest that
IZN and ANL may serve as cell therapies to repair cartilage
defects11. This study assessed the regenerative capacity of equine
IZN and ANL cell grafts in repairing critical-sized osteochondral
defects and characterized the histology of the resulting tissues.
We hypothesized that IZN cell grafts would lead to osteochon-
dral regeneration characterized by hyaline cartilage with zonal
structure and subchondral bone integration.

Materials and Methods
Study Design

Thirty-four male rats (16 to 18-week-old, Sprague Dawley
Rag22/2 Il2rg2/2 (SRG); Hera BioLabs)12 weighing a mean

(and standard deviation) of 349 ± 39 g were housed in a barrier
facility, 12:12-hour light:dark cycle, and were used under Insti-
tutional Animal Care and Use Committee approval (UKY 2020-
3601). The age was selected to ensure skeletal maturity and
limit developmental paracrine variables potentially affecting the
defect repair response. Animals were acclimated for 1 week
before undergoing bilateral knee surgery to create a single os-

teochondral defect in the patellar groove of each hindlimb
(Fig. 1). Joints were randomly treated with a graft of equine adult
articular chondrocytes (positive control), equine fetal ANL cells,
equine fetal IZN cells, equine adult dermal fibroblasts (negative
control), or no graft (empty defects, as a negative control). At 2,
6, and 16 weeks after the surgical procedure, the rats were killed,
and the joints were dissected and assessed grossly and histo-
logically. Four joints/biological replicates were used per experi-
mental group (graft type) at each time point. Osteochondral
sections were subjected to histology (hematoxylin and eosin,
safranin-O) and immunohistochemistry (Ki-67 and collagen
types I [COL1], II [COL2], and X [COL10]).

Cell Culture and Pellet Preparation
Cell pellets were prepared from primary equine cells archived
from previous studies11. Briefly, 4 unsexed equine fetuses (45 to
46 days of gestation) were collected and IZN cells were isolated
from between the cuboidal bones of the developing carpus and
tarsus through brief enzymatic digestion and recovery of released
superficial cells. To isolate ANL chondrocytes, cubes ofmetaphyseal
cartilage from the distal femur and proximal humerus were dis-
sected away from ossification centers and enzymatically digested,
and all cells were recovered11. Full-thickness femorotibial articular
cartilage shavings and truncal dermal tissue were collected and
processed for primary cell isolation from 4 healthy adult male
horses killed for reasons unrelated to musculoskeletal disease11.

Fig. 1

Top left: The experimental design, denoting phenotypic and genotypic characteristics of the immunosuppressed rat strain used to host equine cell grafts

(upper left) followed by the cell pellet types randomly assigned for treatment of the osteochondral defects. Top middle: Schematic of the anatomical

landmarks for creation of the osteochondral defect. (Reprinted fromOsteoarthritis Cartilage, Vol. 25,No. 9, Katagiri H,MendesLF, Luyten FP.Definition of a

Critical Size Osteochondral Knee Defect and Its Negative Effect on the Surrounding Articular Cartilage in the Rat. pp. 1531-1540. Copyright 2017, with

permission from Elsevier. Open Access Journal.) Top right: Illustration of the surgical field for creation of a single osteochondral defect in each knee (upper

right). Bottom: The timeline of the study and the outcomemeasures assessed at each time point. NK = natural killer, H&E = hematoxylin and eosin, Saf =

safranin, and IHC = immunohistochemistry.
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Fig. 2

Fig. 2-AMacroscopic appearance of the repair of osteochondral defects over 16 weeks. Photographs of representative samples show the filling aspect of

defects left untreated or treatedwith adult equine articular chondrocytes (AC) or skin fibroblasts (FIB) or with fetal equine IZN or ANL cells. Untreated defects

exhibited the most rapid repair tissue formation and that which most closely resembled normal cartilage. Defects treated with articular chondrocytes

producedhyaline cartilage formation levelswith visually distinct defectmargins.Grafting of fetal cell pellets producedexuberant cartilage tissueovergrowth

that was visible earlier in ANL-treated joints but ultimately larger in IZN-treated joints. Defects treated with adult skin fibroblasts behaved as expected,

exhibiting loose fibrous tissue at all time points. Fig. 2-B Macroscopic assessment of osteochondral repair using the OAS. Data are presented as

cumulative scores (mean and standard deviation) and showed superior outcomes for untreated joints. Despite clear macroscopic differences, comparable

scores for IZN, ANL, and fibroblast-treated joints reflect limitations of the scoring system criteria. Significantly different groups (p < 0.05) are denoted by

differing superscripts. In sample groups where all samples had the same score, no error bars are shown.
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All cell types were cultured in complete medium (Dul-
becco’s Modified Eagle Medium [DMEM], 10% fetal bovine
serum [FBS], 1% penicillin/streptomycin [P/S], 1% ampho-
tericin B) to passage 2, then cryopreserved. For this experi-
ment, passage-2 cells were thawed and cultured to passage 4 in
complete medium. Cells were then pelleted by resuspending in
complete medium (500,000 cells/mL) and centrifuging 1 mL of
the suspension at 500·g for 3 minutes in a 1.5-mL polypro-
pylene microcentrifuge tube. The supernatant was then replaced
by chondrogenic medium (high-glucose DMEM, 1% P/S, 12.5-
mg/mL bovine serum albumin, 1· Insulin-Transferrin-Selenium-
Sodium Pyruvate (ITS-A) supplement, 1· nonessential amino
acids, 100-nM dexamethasone, 50-mg/mL ascorbate-2-phosphate,
10-ng/mL recombinant human transforming growth factor b-1
[rhTGFb1]). After 24 hours of culture at 37�C, and90% humidity
with 5% CO2, pellets were recovered for grafting11.

Osteochondral Defect Model
Each rat received oral meloxicam (2mg/kg) preoperatively. The
rats were weighed and anesthetized using inhalant anesthesia
(1% to 4% isoflurane) under a barrier protocol and received

prophylactic antibiotics (100 mg/kg cefazolin subcutaneously).
The rats were prepared for aseptic surgery (2% chlorhexidine
scrub followed by 70% isopropyl alcohol, 3 alternated cycles of
each) and sterilely draped, with the hindlimbs covered by
iodine-impregnated adhesive drapes. Using ophthalmological
scalpel blades, a 1-cm skin incision was advanced into the joint
capsule adjacent to the medial aspect of the patellar tendon,
advancing from its tibial insertion proximally (2 mm) to the
insertion of the femoral quadriceps muscle. The patella was
laterally displaced, and a single osteochondral defect (2 mm
deep · 1.4 mm in diameter) was created in the patellar groove
of each distal femur, as previously described13, using a murine
orthopaedic device (RISystem) (Fig. 1). Using a prior ran-
domization system that ensured that a given treatment was
never given bilaterally, defects were filled with 1 IZN or ANL
pellet or with 2 pellets of articular chondrocytes or fibroblasts,
reflecting differences in pellet sizes between the cell types. No
biocompatible glue was used. The patella was repositioned, and
the joint capsule and skin were sutured separately (5-0 Mon-
ocryl [Ethicon], simple continuous pattern). Rats were recov-
ered and, aside from daily husbandry, were evaluated weekly

Fig. 3

Gross changes frequently observed in experimental joints. A joint with a healed untreated defect (Fig. 3-A) exhibited normal articular surfaces. Another

untreated joint (Fig. 3-D) exhibited osteoarthritic changes associated with vascularized repair tissue at 6 weeks postoperatively; the contralateral joint of

that rat had substantial ANL-derived overgrowth. IZN and ANL-treated joints (Figs. 3-B, 3-C, 3-E, and 3-F) exhibited osteoarthritic changes, including

trochlear ridge remodeling (black arrows), osteophyte formation (white arrows), fibrous deposition (gray arrow, D), and areas of cartilage thinning

(red arrows). ANL-treated joints showedno difference between repair tissue overgrowth fromgrafting pellets from the samedonor with (Fig. 3-E) andwithout

(Fig. 3-F) chondrogenic induction.
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for weight, subjective gait assessment, and wound-healing.
Meloxicam and cefazolin treatments were repeated at 24 and 48
hours following the surgical procedure. To collect 4 samples for
each treatment and time point, 10 rats (with 1 backup for the
IZN and ANL treatments) were humanely killed per time point
in a CO2 chamber followed by thoracotomy.

Gross Pathology
Knee joints were dissected, and cartilage repair was grossly
assessed. Because scoring systems, including the International
Cartilage Regeneration & Joint Preservation Society (ICRS)
and O’Driscoll systems, do not account for repair tissue over-
growth14, the Oswestry Arthroscopic Score (OAS) system was
selected because it is also validated for assessing results of cell-
based treatments for cartilage repair15-17. To account for the
magnification provided by the arthroscope when applying the
OAS system, specimens were evaluated under magnification

(4·, NIKON SMZ1000) and were scored blindly by 3 observers
(B.C.M., K.E.S., and A.G.).

Histology and Immunohistochemistry
Following fixation (4% paraformaldehyde) and decalcifica-
tion (10% ethylenediaminetetraacetic acid [EDTA]), speci-
mens were paraffin-embedded and sectioned (5 to 7 mm).
Safranin-O and hematoxylin and eosin staining were per-
formed as previously described18. For immunohistochemistry,
tissue sections were stained using the Polymer-HRP IHC
Detection System (QD420-YIKE; BioGenex). For Ki-67
staining, antigen retrieval was performed by incubation with
HK087-20K solution (BioGenex) at 95�C for 10 minutes. For
COL1, COL2, and COL10, antigen retrieval was performed by
pepsin treatment for 10 minutes (R2283; Sigma-Aldrich). The
morphology of IZN and ANL overgrown repair tissues pre-
vented applying a histological scoring system for inferential

Fig. 4

Photographs of representative samples showing the histologic appearance of the repair of osteochondral defects over 16 weeks. Proteoglycan content is

shown by the extent and intensity of safranin-O staining. Untreated defects only exhibited staining at the deeper layer of the repaired tissue. Defects treated

with articular chondrocytes exhibited even and intense staining for proteoglycan. Overgrowths from fetal cell pellets exhibited staining for proteoglycan

comparable to that of articular chondrocytes, which was seen earlier in ANL-treated joints. Repair tissues from adult skin fibroblasts did not exhibit

proteoglycan content at any time point.
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statistical analysis, and, thus, our findings are descriptively
presented.

Statistical Analysis
Sample size was determined on the basis of the number of
available biological replicates of fetal cells from previous in vitro
studies using aliquots of the same cells11,19,20. Aside from macro-
scopic assessment, overall data analysis was performed descrip-
tively. Standard least-squares simple linear regression was used to
evaluate the differences in OAS between groups, with the model
effects of tissue, time, and tissue · time. Post hoc comparisons
were performed using the Student t test for Least Square Means
(tissue · time). All statistics were performed using JMP Pro 16.0
(JMP Statistical Discovery), with significance set at p < 0.05.

Results
Gross Pathology

Untreated lesions unexpectedly failed to represent critical-
sized defects and at 2 weeks exhibited new subchondral

bone covered by a fibrocartilage layer that thinned over time
(Figs. 2 and 3-A). This was observed by 2 weeks after the
surgical procedure in all but 1 lesion. In 1 case, vascularized
tissue was observed at 6 weeks (Fig. 3-D). The contralateral
joint had substantial ANL-derived overgrowth for that rat,
causing joint instability and osteoarthritic changes. The filling
of chondrocyte-treated defects was level with adjacent tissues
by 6 weeks, but progressively developed a whiter coloration
relative to repair tissue from other treatments. Defects treated
with fibroblast pellets had filling that was generally below defect
edges, but became closer to level by 16 weeks. When probed,
fibroblast defects were filled with loose gelatinous tissue that
remained softer than the adjacent tissue. Defects treated with
IZN or ANL pellets were similar at 2 weeks, displaying trans-

lucent cartilage-like repair tissue level with the defect edges
that, over time, became whiter and denser. Unexpectedly, IZN
and ANL-treated defects formed an exuberant overgrowth,
observed earlier for ANL-treated joints (at 6 weeks) than for
IZN-treated joints (at 16 weeks). At 16 weeks, overgrown repair
tissue was associated with patellar instability and osteoarthritic
changes, including fibrous deposition and remodeling of the
femoral trochlear ridge, osteophyte formation, and cartilage
thinning (Figs. 3-B, 3-C, and 3-D) in 75% of IZN-grafted joints
and 100% of ANL-grafted joints. No osteoarthritic changes
were observed in negative or positive control joints. All tissues
originating from chondrocyte, IZN, and ANL pellets ultimately
exhibited cartilage-like texture and resistance upon probing
(Fig. 2-B; see also the Appendix).

To assess whether in vitro chondrogenic induction was an
important variable contributing to overgrowths in IZN and ANL
grafts, 4 additional rats (8 joints) were added to the experiment and
were grafted with pellets from the same equine fetal cells without
chondrogenic induction. Assessment at 16 weeks postoperatively
did not reveal less tissue overgrowth (Figs. 3-E and 3-F).

Histology
Histological changes were consistent with the macroscopic
assessments, with untreated joints likewise exhibiting overall
superior repair tissue compared with the other treatments (Fig. 4).
However, although the repair tissue in untreated joints had a
smooth cartilaginous surface that was level with the adjacent
cartilage, it was characterized by fibrocartilage exhibiting minimal
proteoglycan content, random cell distribution, and varying
thickness of subchondral bone advancement. The newly formed
subchondral bone had good architecture and integration with
the adjacent bone. Satisfactory integration of the repair tissue
with native cartilage was observed on at least 1 side of the his-
tological sections. Repair tissue from chondrocyte-treated joints
was level with adjacent cartilage, but was often irregular at
6 weeks, at which time moderate proteoglycan content was
observed, becoming more marked at 16 weeks. For 2 samples,
new subchondral bone developed by 16 weeks, whereas defects
in the remaining 2 samples were entirely filled with hyaline
cartilage that exhibited poor integration with the adjacent bone.
There was no zonal organization of the chondrocytes within the
cartilage of chondrocyte-treated samples.

Tissue overgrowth in IZN and ANL-treated joints showed
marked proteoglycan staining and was well integrated with the
surrounding bone. Cells within the tissue exhibited some zonal
stratification similar to native articular cartilage, except lacking a
tidemark (Fig. 5). A lacuna-like distribution of smaller chon-
drocytes was observed in deep layers. Chondrocytes were dis-
tributed more evenly in the middle layer and exhibited increasing
cytoplasm and proteoglycan staining. The transition from deep to
middle zones in repair tissues was usually at the same level as the
transition in surrounding recipient tissue. At the outermost layer
of IZN and ANL grafts, as in native cartilage, chondrocytes had an
even larger amount of cytoplasm with a more flattened horizontal
alignment. In ANL-derived tissues, proteoglycan-rich overgrowths
were observed and were well integrated with adjacent subchondral

Fig. 5

Representative image of Saf-O stained equine ANL-derived repair tissue

demonstrating the morphology and distribution of chondrocytes in a zonal

arrangement such as that in native cartilage. Image brightness was

adjusted to favor chondrocyte visualization.
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bone by 6 weeks. Such findings were not observed for IZN-treated
joints until 16 weeks. Finally, fibroblast-derived grafts exhibited
loose fibrous tissue that tended to shrink from its bottom over
time and showed no integration or proteoglycan content. In
summary, IZN and ANL repair tissues exhibited some evidence of
zonal architecture such as native cartilage and the best bone
integration; nonetheless, they developed exuberant growth, often
causing patellar instability and osteoarthritis.

Immunohistochemistry
Repair tissues were assessed for the proportionate expression of
COL2, an indicator of cartilaginous extracellular matrix (Fig. 6);
COL1, an indicator of fibrous tissue (Fig. 7); and COL10, an
indicator of hypertrophic cartilage (Fig. 8). Although the repair
tissue of untreated lesions exhibited varying degrees of COL2
expression, most was localized to deeper layers near the sub-
chondral bone. In contrast, the superficial layer lacked COL2,
COL1, or COL10 expression. Like native cartilage, chondrocyte-
treated defects expressed abundant COL2, a faint superficial layer
coexpressing COL1 and COL10, and mild COL10 expression in
the transition to the subchondral bone. IZN and ANL-treated

defects exhibited marked COL2 expression, with a tendency for
mild COL1 expression in the osseous attachments and mild to
moderate expression of COL1 and COL10 surrounding chon-
drocytes on the outermost surface of the overgrowths. Fibroblast-
treated repair tissues did not express COL2 at any time point, but
consistently expressed COL1 and increased COL10 expression
over time. Ki-67 expression as an indicator of cell proliferationwas
not detected in any samples.

Discussion

In this first-of-its-kind study, IZN and ANL cell grafts formed
hyaline cartilage with patterns of collagen and proteoglycan

expression and cellular organization resembling native carti-
lage. However, further studies are required to determine why
IZN and ANL cells produced overgrowths. When exposed to the
synovial environment, hypertrophic chondrocytes like those from
ANL lose their hypertrophic capacity and transdifferentiate into an
articular phenotype21. IZN and ANL cells were culture-passaged,
which can lead to epigenetic alterations22,23 that often associate with
overgrowth and tumorigenesis23. Our results from Ki-67 staining
are not suggestive of cell proliferation and tumorigenesis.

Fig. 6

Immunohistochemistry for COL2 in repair tissues over 16 weeks. COL2 expression was observed in the deeper layers of the repair tissue from untreated

defects. Defects treated with articular chondrocytes exhibited even and intense staining. Repair tissues from fetal cell pellets ultimately exhibited

comparable intensity of COL2staining toarticular chondrocytes. Repair tissues fromadult skinfibroblastsdid not exhibit COL2expressionat any timepoint.
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Therefore, graft tissue overgrowth likely results from abundant
ECM production. Grafting fewer cells or using IZN or ANL tissue
explants instead of culture-expanded cells could potentially address
tissue overgrowth.

Zonal stratification resembling native cartilage suggests
that IZN and ANL cells have an intrinsic capacity to adjust to
mechanical forces, unlike repair tissues from chondrocyte
implantation. This could result from superior ECM produc-
tion and arrangement from IZN and ANL cells relative to
chondrocytes24. Although chondrocytes were zonally arranged in
IZN and ANL tissues, they displayed a chondron pattern sug-
gestive of overt mechanical stimulation25, which agrees with
osteoarthritic changes in the corresponding joints. Expression of
distinct collagen types in IZN and ANL tissues also resembled
that of native cartilage, with higher COL10 expression in the
superficial layers. Conversely, COL1 expression was randomly
distributed and higher than in native cartilage. In vitro, after
chondrogenic induction, both IZN and ANL express higher
COL1 and COL10 than native cartilage11,20.

The successful repair of untreated defects differs from
results reported by Katagiri et al., who defined this protocol as
providing a critical-sized osteochondral defect model13. In our
study, untreated defects healed with new subchondral bone as
early as 2 weeks after the surgical procedure. This is unlikely to
be associated with the severe combined immunodeficiency-like
genetic mutation (Rag22/2 Il2rg2/2) of SRG rats, as SCID
mice have impaired endochondral ossification26, differing from
observations in the current study. Differences might be ex-
plained by the fact that Cai et al. used the wild-type Lewis rat,
whereas we used the Sprague-Dawley rat with the SRGmutation.
Lewis and Sprague-Dawley rats have demonstrated differences in
tumor necrosis factor-alpha (TNF-a) and interkeukin-1 beta
(IL-1b) expression in response to adjuvant-induced arthritis27.

Features from IZN and ANL-derived grafts suggest that
repair tissues were of equine origin. Molecular identification of
the cells in the graft tissues would strengthen such observation.
However, formalin fixation and tissue decalcification limited
the range of assays that could be performed. Although each

Fig. 7

Immunohistochemistry for COL1 in repair tissues over 16 weeks. Only mild staining for COL1 was observed in the repair tissue from untreated defects at

2 weeks. Repair tissues from chondrocytes exhibited mild COL1 staining closer to its outmost layer. Repair tissues from fetal cell pellets ultimately

exhibitedmoderateCOL1 expression,more evident at the outermost layer of ANL-derived tissues.Moderate COL1 expressionwas consistently observed in

repair tissues from adult skin fibroblasts at all time points.
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animal received 2 different treatments, 1 in each hindlimb,
there is the potential of systemic cross-talk.

This study had limitations, including the small sample
size, its descriptive nature, and the lack of objective gait
assessment and indentation modulus measurement. How-
ever, the use of an equine osteochondral defect model and
major histocompatibility complex-compatible allografts may
have overcome limitations of rodent models, such as varying
healing capacity of osteochondral defects and the absence of a
functional adaptive immune response, known to play a role in
tissue repair28.

In conclusion, as previously observed in vitro, IZN and
ANL cell grafts seemingly recapitulate some developmental features
during osteochondral repair in vivo, producing hyaline cartilage
with a zonal chondrocyte arrangement and ECMcontent like that
of native cartilage. Although such observations represent inter-
esting findings, further studies with larger cohorts are required to
overcome the challenges of individual variability and account for
the effects of sex differences between graft donors and recipients.

Although there are obvious limits to using fetal cells in humans,
recent advances in the successful induction of IZN and ANL-like
cells from human-induced pluripotent cells suggest that this
barrier can be overcome29. Defining regulatory signaling pre-
venting IZN and ANL overgrowth is also necessary and may
further advance the use of fetal-like engineered cells for os-
teochondral regeneration.

Appendix
Supporting material provided by the authors is posted
with the online version of this article as a data supplement
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Fig. 8

Immunohistochemistry for COL10 in the repair tissues over the course of 16weeks. COL10expressionwas not observed in the repair tissue fromuntreated

defects. Repair tissues from chondrocytes exhibitedmild COL1 staining at the deepest layer and close to its outermost layer. Repair tissues from fetal cell

pellets ultimately exhibited moderate-to-marked COL10 expression, more marked in the outermost layer from interzone-derived overgrowths. Marked

COL10 expression was consistently observed in repair tissues from adult skin fibroblasts at 6 and 16 weeks.
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