Case studies: Treatment of chronic
wounds with cultured skin substitutes

Cultured skin substitutes prepared from allogenic human skin cells
and collagen substrates may provide an alternative treatment for
acceleration of healing in selected kinds of chronic wounds.
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Abstract

This report of four patients (2 male, 2 female) presents preliminary results of
treatment of chronic skin wounds with cultured skin substitutes prepared from
allogeneic human skin cells and collagen substrates. The patients ranged in
age from 64 to 73 years (mean: 67.25). The etiologies of their wounds were
saphenous veinectomy, venous stasis, peripheral vascular disease, and venous
stasis, with wound sizes 10cm2, 20cm2, 36cm?2 and 184cm2. After the wounds
were debrided, the cultured grafts, overlaid with a porous, non—adherent
dressing, were stapled to the wounds. The procedure included frequent
irrigations with essential nutrients containing broad spectrum antimicrobials,
followed by dressing with antimicrobial ointments, and periodic examination
of the wounds. Complete healing was obtained in two patients, partial healing
in one with gradual recurrence due to poor patient compliance, and no healing
in one. The two healed wounds did not recur after more than one year of
observation and achieved closure in shorter periods of time than their duration
before treatment with the skin substitutes. These results suggest that grafts of
cultured allogeneic skin cells and collagen may accelerate healing of qualified
chronic wounds. Qualifications include, but are not limited to, sufficient
perfusion of the affected site and adequate debridement to viable tissue.
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Introduction

Chronic ulcerations of the skin
are responsible for a significant
portion of health care expendi-
tures. It was estimated in the U.S.
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in 1979 that 128,000 patients were
hospitalized primarily for stasis
ulceration. The average length of
stay was 11.4 days with an esti-
mated cost of 300 million dollars.!
A survey by Meehan? of 148
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Figure 1. Diagram of normal healing in skin. Wound repair proceeds by an
orderly and timely process of hemostasis, inflammation, cell
proliferation, development of fibrovascular tissue, epithelial
closure, and resolution and remodeling of healed skin.
Cosmetically—acceptable scar forms in healed wounds.

. Abnormal Healing of Skin :

Figure 2. Diagram of abnormal healing in skin. Chronic wounds are
established by failures in inflammation, proliferation, or
epithelial closure with superimposition of microbial
contamination. Keloid or hypertrophic scarring result from
failure of the healing process to resolve. Continuation of a cycle
of inflammation and proliferation produces an excessive scar.

hospitals reports a prevalence of
pressure ulcers of 9.2 percent. A
treatment that could safely and
efficaciously reduce the healing
time of chronic skin ulcers would
be of great benefit to the patient

and community.

Mechanisms of normal healing
in skin wounds follow a timely and
orderly sequence of hemostasis,
inflammation, .e!l proliferation,
development ot fibro-vascular

tissue, epithelial closure, resolution
and remodeling of repaired
tissue.? (Figure 1) In abnormal
healing of skin, vascular insuffi-
ciencies or autoimmune conditions
may cause failure of inflammation
and cell proliferation which is
compounded by microbial con-
tamination to establish chronic
wounds. (Figure 2) Excessive
healing that produces keloid and
hypertrophic scarring is also
abnormal, and resuits from failure
of the inflammatory and prolif-
erative phases of wound healing
to resolve.

Successful transplantation of
cultured epithelial autografts was
first reported in 1981.4 Similarly,
cultured epithelial allografts have
been demonstrated to reduce
pain and to accelerate healing of
chronic cutaneous wounds.5
Cultured epidermal keratinocytes
may be combined with collagen—
based substrates as a vehicle for
transplantation and to promote
repair of connective tissue.®
However, cultured keratinocytes
used alone are associated with
greater fragility and bullae
formation than the combination
of cells with a collagen implant.”3
This report presents preliminary
results of treatment of chronic
skin wounds with cultured skin
substitutes. The skin substitutes
consist of collagen—glycosamino-
glycan (GAG) sponges populated
with cultured epidermal keratin-
ocytes and dermal fibroblasts
from allogeneic donors. Complete
healing was obtained in two of
four patients, partial healing in
one, and no healing i1n one.
Patients with complete healing
were able to resume normal
activities, and healed wounds did
not recur after more than one
year of observation. These results
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Table 1. Patient Information and OQutcomes

Patient ID ML SM
Gender, Age Female, 73 Male, 64
Wound Area (cm?) 36 184
Etiology Peripheral vascular Venous stasis
disease
Associated Disease  Diabetes Post phlebitic
syndrome
Dorsalis Pedis Pulse No* No*
A/BPR Rt, 0.84; Lt, 0.60 Rt, 0.79; Lt, 1.14
P Normal Bilateral venous
thrombosis
Wound Duration 4 months 12 months
Treatments Debridements Debridements
CSSX2 CSS X 3, HBO,
Outcomes 85% healed at 4 weeks 10% healed at 1 week
after CSS #1 applied
Healed completely 3 applications of
at 8 moriths after CSS failed. Ampu-
CSS #2 applied tation after 3 months
Recurrence
No N/A

JY JT

Male, 65 Female, 67

10 20

Saphenous Venous stasis

veinectomy

Diabetes Post phlebitic
syndrome

Yes Yes

N/A N/A

N/A N/A

3 months 12 months

Debridement Debridements

CSSX1 CSS X 2, HBO,

60% healed 50% healed at 4

at 1 week weeks after CSS
#2 applied

Healed Gradual recur—

completely rence due to

at 4 weeks poor patient
compliance

No Yes

* Ankle/Brachial Pressure Ratios (A/BPR) and Impedance Plethysmography (IP) were performed only on patients
in whom no Dorsalis Pedis Pulse was detected. A/BPR values in boldface type indicate treated side.

HBO, — Hyperbaric Oxygen

CSS —~ Cultured Skin Substitute

acceptable by eight weeks after
grafting. (Figure 4D)

SM received three applications
of CSS, and all failed. Each set of
CSS had initial adherence and
epithelial survival during irriga-
tions with nutrients and anti-
microbials. After irrigations were
discontinued on day seven, CSS

degenerated rapidly with no
healing of the wound by one
month. After failure of all
conventional and experimental
alternatives for closure of this
large wound, SM elected below—
the-knee amputation.

JY received one application of
CSS to a non-healing, dehiscent
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wound subsequent removal of
the saphenous vein for cardiac
bypass. Complete healing was
accomplished within four weeks,
with no recurrence after one year.

JT received two applications
and had approximately 50
percent healing within four
weeks after the second appli-
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healed.12 This consistent finding in
grafting of allogeneic keratinocytes
suggests gradual replacement of
allogeneic cells by circumferential

. ingrowth of autologous cells from

the wound perimeter. This

" mechanism is consistent with the
' biological process termed “creep-

ing substitution” in which
parenchymal cells from the host
repopulate the graft site, but
allogeneic cells are not destroyed
by T—cell cytotoxic action of the
recipient. Reduced immuno-
genicity of cultured skin sub-
stitutes containing allogeneic
keratinocytes is believed to result

. from depletion of donor leukocytes
' during culture of keratinocytes
. for transplantation.

Development of cell therapies
will depend on culture and

. banking of allogeneic skin cells.
3 Although use of cultured cells for

transplantation is not regulated
presently by FDA,13 new guide-
lines for use of allogeneic skin
tissue also apply to cells isolated
from these tissues.4 As with
other experimental therapies,
safety and efficacy of prospective
therapies will be required. For
cells cultured from allogeneic
tissues, requirements for safety
will include negative tests for
viral and microbial pathogens,
and no detectable disease after
autopsy. Demonstration of efficacy
requires comparative assessments
of experimental therapies with
prevailing standards of care to
determine equivalence or superi-
ority.3 It may be expected that
continued preclinical and clinical
studies with allogeneic cells will
lead to improvements in care of
chronic wounds. Establishment
of standards and guidelines for
allogeneic cells may be expected
to serve as a foundation for

transplantation of genetically
modified cells for targeted
therapy of wounds or metabolic
diseases. With these goals ahead,
the findings of this study provide
an important demonstration that
advanced therapies with allogeneic
cells will provide new alternatives
to healing of chronic skin wounds.

References

1. Wysocki A, Baxter CR, Bergstresser
PR, et al.: Topical fibronectin
therapy for treatment of a patient
with chronic stasis ulceration.
Arch Dermatol 1988;124:175-7.

2. Meehan M: Multisite pressure
ulcer prevalence survey. Decubitus
1990;3:14-17.

3. Lazarus GS, Cooper DM, Knighton
DR, et al.: Definitions and guide-
lines for assessment of wounds
and evaluation of healing. Arch
Dermatol 1994;130:489-93.

4. O'Connor NE, Mulliken JB,
Banks-Schlegel S, et al.: Grafting
of burns with cultured epithelium
prepared from autologous epi-
dermal cells. Lancet 1981;1:75-8.

5. Phillips TJ], Kehinde O, Green H,
Gilchrest BA: Treatment of skin
ulcers with cultured epidermal
allografts. | Amer Acad Dermatol
1989;21:191-9.

6. Boyce ST, Greenhalgh DG, Kagan
RJ, et al.: Skin anatomy and
antigen expression after burn
wound closure with composite
grafts of cultured cells and
biopolymers. Plast Reconstr Surg
1993;91:632-41.

7. Woodley DT, Peterson HD,
Herzog SR, et al.: Burn wounds
resurfaced with cultured epithelial
autografts show abnormal
recon=stitution of anchoring
fibrils. ] Amer Med Assn 1988;
259:2566-71.

8. Cooper ML, Andree C, Hansbrough
JE, et al.: Direct comparison of a
cultured skin substitute containing
human keratinocytes and fibro-
blasts to an epidermal sheet graft
containing human keratinocytes

Volume 41, No. 2 ® March 1995

on athymic mice. J Invest Dermatol
1993; 101:811-19.

9. Boyce ST, Christianson DJ, Hans-
brough JE: Structure of a collagen—
GAG dermal skin substitute
optimized for cultured human
epidermal keratinocytes. | Bioned
Mater Res 1988;22:939-57.

10.Boyce ST, Supp AP, Harriger MD,
et al.: Topical nutrients promote
complete engraftment and inhibit
wound contraction of composite
cultured skin in athymic mice.
Wound Repair Regen 1993;1:98.

11. Boyce ST, Holder IA. Selection of
topical antimicrobial agents for
cultured skin for burns by
combined assessment of cellular
cytotoxicity and antimicrobial
activity. Plast Reconstr Surgery
1993;92:493-500.

12.Gielen V, Faure M, Maudit G,
Thivolet J: Progressive replacement
of human cultured epithelial
allografts by recipient cells and
evidenced by HLA class I antigens
expression. Dermatologica 1987;
175:166-70.

13.Kessler DA, Siegel JP, Nogughi
PD, et al.: Regulation of somatic—
cell therapy and gene therapy by
the Food and Drug Administration.
N Eng ] Med 1993;329:1169-73.

14.Department of Health and Human
Services, Food and Drug Admini-
stration: Human Tissue Intended
for Transplantation. Federal
Register 1993; 58:65514-21.

* N-Terface™; Winfield Laboratories,
Richardson, TX

** OpSite™ , Smith & Nephew
United, Largo, FL.

+ Adaptic™, Johnson & Johnson
Medical, Inc., Arlington, TX

° Neosperin™, E. Fougera & Co.,
Melville, NY
Bactroban™, Smith
Kline—Beechum, Philadelphia, PA
Nystatin™ , Schein
Pharmaceuticals, Inc., Brewster
NY




