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Purified Type I Collagen Wound Matrix
Improves Chronic Wound Healing in Patients
with Recessive Dystrophic Epidermolysis
Bullosa
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Abstract: Recessive dystrophic epidermolysis bullosa is a severe

genetic blistering skin condition resulting in chronic wounds. Nonhealing
wounds were treated over 8 weeks using a reconstituted natural purified
type | collagen skin substitute. Chronic wounds were defined as
nonhealing wounds present for longer than 6 months. For each patient,
two chronic wounds were identified and randomized into a control or
treatment group. Both groups received standard-of-care wound dress-
ings. The treatment group received an additional type | collagen skin
substitute. Wound size was measured at baseline and weeks 1, 4, and 8.
Pain, pruritus, and burning and stinging were assessed. Wound cultures
were obtained at baseline and thereafter as was considered clinically
relevant. Ten subjects were enrolled; seven completed the study. Six
subjects showed a positive response to the type | collagen skin substitute.
Three subjects demonstrated full wound reepithelialization. Wounds
treated using the collagen skin substitute showed statistically signifi-
cantly greater improvement. Average scores for pruritus and pain
decreased significantly. Reconstituted natural purified type | collagen
skin substitutes improved the healing of chronic wounds and may be a
valuable addition to the epidermolysis bullosa wound care arsenal.

Recessive dystrophic epidermolysis bullosa (RD-
EB) is a genetic skin disease that results in severe skin
fragility. Individuals with RDEB have mutations in
the COL7AI gene, leading to the low or absent
expression of type VII collagen, a protein important

Address correspondence to Alfred Lane, M.D., M.A., 700
Welch Road, Suite 301, Palo Alto, CA 94304, or e-mail: atlane@
stanford.edu.

DOI: 10.1111/pde.12492

220

for the structural integrity of skin. Because of skin
fragility, individuals with RDEB often develop
chronic nonhealing wounds (1). There is a paucity of
effective and convenient treatment options for these
wounds (2,3).
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TABLE 1. Selected Collagen-Containing Skin Substitutes

Product Manufacturer

Description

Acellular products

Helicoll Encoll (Fremont, CA)
Integra Integra LifeSciences (Plainsboro, NJ)
Promogran Systagenix (Quincy, MA)
Oasis Healthpoint (Fort Worth, TX)

Living cell-based products
Dermagraft Shire Regenerative Medicine (La Jolla, CA)
Apligraf Organogenesis (Canton, MA)

Purified type I bovine collagen

Bovine collagen and chondroitin-6-sulfate

Bovine collagen and oxidized regenerated cellulose
Porcine small intestinal submucosa collagen matrix

Foreskin-derived fibroblasts grown on degradable scaffold
Bilayer with bovine type I collagen and foreskin-derived
keratinocytes and fibroblasts

Various types of collagen-containing wound dress-
ings have been used successfully to improve the healing
of chronic wounds (Table 1). Living cell-based
wound dressings such as Apligraf (Organogenesis,
Canton, MA) and Dermagraft (Shire Regenerative
Medicine, La Jolla, CA) are effective in patients with
epidermolysis bullosa (EB) (4-6), but are expensive
and require application by a medical professional in a
clinical or surgical setting. Acellular dressings with
collagen derived from a variety of sources have been
shown to treat chronic wounds effectively (7-11). To
our knowledge, only Integra (Integra LifeSciences,
Plainsboro, NJ), a bilayer matrix wound dressing
consisting of acellular bovine collagen and chondroi-
tin-6-sulfate, has been reported to treat EB wounds
(12), but it has not been assessed in a formal clinical
trial.

Helicoll (Encoll, Fremont, CA) is a single-layer
skin substitute consisting of an acellular matrix of
purified bovine type I collagen. Prior studies have
shown that Helicoll improves wound healing for
donor sites for split-thickness skin grafts, skin burns,
chronic venous ulcers, and diabetic foot ulcers (13).
Furthermore, Helicoll may reduce pain at treated sites
(14). In this study we investigated whether this type |
collagen skin substitute improves the healing of
chronic RDEB wounds.

MATERIALS AND METHODS

The Stanford Institutional Review Board approved
this clinical trial (protocol 24915), which was con-
ducted in accordance with the principles of the
Declaration of Helsinki. The study was listed on
clinicaltrials.gov (NCT01716169). Informed con-
sent (or assent as applicable) was obtained for all
subjects before any study-related procedures were
performed.

At baseline, after a routine history and physical
examination, target chronic wounds were selected. A
wound was considered chronic if it was present and

had been nonhealing for 6 months or more. For the
first four subjects, one chronic wound was selected to
receive Helicoll. In the last six subjects, two chronic
wounds were selected; one wound was randomized to
receive Helicoll and the other received standard
treatment. Standard treatment consisted of the sub-
ject’s routine wound dressing regimen (Table 2).
Target wounds of similar size and duration were
selected for each patient. Neither subjects nor inves-
tigators were blinded to the study treatment received.

Inclusion criteria included age 7 years or older and
a diagnosis of RDEB. Subjects were excluded if they
had sensitivity to bovine products or if target wounds
showed clinical signs of infection or had a history of
malignancy.

The primary outcome measure was wound size
measurement as assessed using the SilhouetteStar
(ARANZ Medical, Christchurch, New Zealand), a
device that uses lasers to capture wound areas
accurately without touching the skin. Before Helicoll
application, levels of pain (15), pruritus (16), and
burning and stinging (17) were assessed using a visual
analog scale for each wound. Moreover, investigators
assessed wound characteristics and duration and
asked about previous wound treatments. Wound
cultures were obtained and processed at the Stanford
Hospital Clinical Laboratory. Helicoll was then
applied to the target wound according to the manu-
facturer’s instructions, followed by a contact layer of
nonadhering wound dressing (Adaptic, Systagenix,
Quincy, MA, or Mepitel, Molnlycke Health Care US,
Norcross, GA) and then sterile gauze moistened with
sterile saline. Immediately after application, levels of
wound pain, pruritus, and burning and stinging were
again measured. Subjects were instructed to change
the outermost gauze layer daily and moisten with
sterile saline as needed. Helicoll was reapplied weekly.

Subjects were seen for follow-up in an ambulatory
pediatric dermatology clinic at weeks 1, 4, and 8. If the
wound healed completely before the scheduled study
visit, the subject was seen sooner. At the follow-up
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TABLE 2. Demographic Characteristics and Wound Dimensions

Demographic characteristics

Wound dimensions, cm? (% decrease from baseline)

Wound
Patient  Age/sex Wound location duration Treatment Baseline  Week 1 Week 4 Week 8
HO1 8/Female Left lateral elbow >6 months  Helicoll 13.7 2.7 (80.3) 0.0 (100) N/A
HO02 24/Male Left anterior lower leg 1 year Helicoll 34 3.1 (8.8) 3.1(8.8) 2.6 (23.5)
HO03 18/Female  Right forearm superior >6 months  Standard (Mepilex) 10.4 N/A* N/A N/A
Right forearm inferior >6 months  Helicoll 233 N/A* N/A N/A
HO04 24/Female  Left posterior thigh >6 months  Helicoll 18.0 4.6 (74.4) 1.6 Ot N/A
HOS5 16/Male Left anterior superior 1.5 years Helicoll 6.2 5.5(11.3) 0.6 (90.3) 0.7 (88.7)f
upper arm
Left posterior upper arm 1.5 years Standard (Mepilex, 7.3 7.0 (4.1) 9.0 (-23.3) 8.4 (-15.1)
petrolatum gauze)
HO06 18/Male Central chest 4-5 years Helicoll 30.0 17.0 (43.3) 8.2 (76.7) 3.3(89)
Left medial shoulder 4-5 years Standard 12.8 7.8 (39.1) 0.7 (94.5) 8.8 (31.3)
(Vaseline gauze)
HO7 15/Male Left lower back 6 years Helicoll NDi ND ND ND
Right lower back 6 years Standard NDi ND ND ND
(Vaseline gauze)
HO8 8/Female Right neck 3 years Standard 11.1 N/A* N/A N/A
(Mepilex, Mepitel)
Left neck 1 year Helicoll 9.8 N/A* N/A N/A
HO09 12/Male Left anterior lower leg 1 year Helicoll 104.5 69.3 (33.7) 52.0 (50.2) 51.4 (50.8)
Right posterior lower leg 1 year Standard 64.3 53.5(16.8) 44.1 (31.4) 59.1 (8.1)
(Mepilex, Mepitel)
H10 13/Female  Left thigh superior >] year Helicoll 2.8 3.8(=357§ N/A N/A
Left thigh inferior >] year Standard (Mepilex) 0.7 0.3 (57.1) N/A N/A

ND, not done; N/A, not applicable (study visit did not occur).
*Subject did not return for follow-up visits.

tAccording to subject, wound healed completely and then reopened.
tUnable to obtain accurate wound dimensions because of location.
§Wound infected; subject discontinued from study.

visits, target wound size, wound pain, pruritus, and
burning and stinging were assessed. Wound cultures
were obtained as needed. Adverse events and changes
to concomitant medications were also elicited.

Wilcoxon signed-rank and rank sum tests were
performed. All tests were two-sided, with p < 0.05
considered statistically significant.

RESULTS

Of the 10 subjects who consented (Table 2), 3 did not
complete the study (Fig. 1). Subject HO3 terminated
the study early because she preferred more frequent
dressing changes. Subject HO8 was lost to follow-up
because of unrelated health problems. Subject HO7
was removed from the final analysis because of
inconsistent application of the type I collagen skin
substitute to the treated site. Subject H10 developed a
wound infection midway through the study and study
participation was terminated early for systemic treat-
ment, although we included subject H10 in our
analysis.

Six of seven (85.7%) evaluable subjects showed a
positive response to type I collagen treatment. Three
subjects (42.8%) (HO1, HO04, HOS) had complete

wound reepithelialization (Fig. 1), although two of
these wounds reopened after type I collagen treatment
was stopped. Three subjects (H02, HO6, H09) dem-
onstrated a marked decrease in wound size but did not
achieve complete wound reepithelialization (Tables 2
and 3). Three of four (75%) control wounds exhibited
no significant healing. According to the Wilcoxon
signed-rank test, the percentage improvement was
significant for wounds treated with type I collagen
skin substitute (p = 0.03) and the percentage improve-
ment was not significant for wounds treated with
standard dressings (p > 0.99).

The average ratings for pruritus and pain were
significantly lower immediately after application of the
type I collagen skin substitute (Table 4). Before appli-
cation, the average pruritus score was 1.28 and the
average pain score was 1.33. After application, the
pruritus score decreased to 0.39 (p = 0.004) and pain
score decreased to 0.67 (p = 0.004). Ratings for burn-
ing and stinging in the group receiving type I collagen
decreased as well, but did not reach statistical signif-
icance. Control wounds demonstrated no change in
scores.

The most common adverse events were pain during
dressing changes (n = 5), pruritus at a target wound
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Subjects enrolled |

n=10
Follow-up data Excluded from analysis No follow-up data
collected due to inconsistent collected
n=7 applicatior; (HO7) n=2
Study completed Early discontinued due to Lost to follow-up Early
n=6 infection (H10) (HO8) termination

n=1 n=1 (HO3)

n=1
Chronic wound Chronic wound Chronic wound did not
remained healed completely, heal completely (H02,

healed (HO1) then reopened HO06, H09)
n=1 (H04, HO5) n=3
n=2

Figure 1. Subject enrollment algorithm.

(n = 4), and foul-smelling exudate (n = 2). Pain dur-
ing dressing changes was most often due to the
Adaptic contact layer or the sterile gauze outer layer
sticking to the wound and not related to the type I
collagen skin substitute. After these adverse events,
the contact layer was changed from Adaptic to
Mepitel, which helped according to patient feedback.

Microbiology studies revealed greater bacterial
burden of different organisms in most of the
treatment group than in the control group
(Table 5). Although two subjects developed wounds
with foul-smelling exudate (HO2 and HO03), neither
reported fever, surrounding erythema, or pain.
Despite greater bacterial load demonstrated by
wound cultures, we concluded that the exudative
wounds were not infected and had greater bacterial
colonization.

No serious adverse events were reported.

DISCUSSION

Helicoll, a reconstituted natural purified bovine type I
collagen skin substitute, significantly improved heal-
ing of chronic wounds in individuals with RDEB. It
was well tolerated, convenient, and easy to apply in
the medical office or at home, without any significant
side effects. Type I collagen skin substitutes have been
reported to promote wound healing by creating a
scaffolding for keratinocyte migration. Type I colla-
gen may also decrease the activity of collagenase and
matrix metalloproteinases and may act as an anti-
inflammatory agent by binding proinflammatory
cytokines (7,18).

Most (85.7%) evaluable subjects saw improve-
ment, and 42.8% had complete reepithelialization.
Our results were similar to those of the Apligraf study,

TABLE 3. Percentage Improvement

Helicoll Standard

Mean =+ standard deviation

Baseline to week 1 309 + 404, n
Baseline to week 4 69.5 + 344, n
Baseline to week 8 63.0 &+ 31.9,n

7 293 £235,n=4
3 342 £589,n=3
3 81+232,n=3

which showed that 44% of chronic EB wounds had
complete healing after 6 weeks (4). A systematic
analysis of multiple collagen products used for
diabetic foot ulcers revealed that 58% of collagen-
treated wounds healed completely (7), although the
rate of epithelialization ranged from 0% to 100%.
The variability in rates of epithelialization indicates a
need for additional clinical research on the efficacy of
collagen skin substitutes.

In our study, two of the three chronic wounds that
healed completely with the type I collagen treatment
redeveloped after treatment was stopped. We believe
that the reopening of the wound is likely due to the
chronic nature of RDEB. Before treatment, these
wounds were consistently nonhealing. Minor trauma
to individuals with RDEB can cause significant
damage to their skin. To prevent future wounding,
correction of the underlying genetic defect would be
required (19).

Pruritus can exacerbate RDEB wounds; scratching
can impair wound healing and cause new wounds
(2,20). Current treatments for pruritus in RDEB
wounds are limited and are a clinically unmet need
(20). We found that wounds treated with the type |
collagen skin substitute exhibited a significant
decrease in pain and pruritus immediately after
wound dressing application. Anecdotally, many
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TABLE 4. Average Pruritus, Pain, and Burning and Stinging

Pruritus Pain Burning and stinging
Score (0-4) p-Value Score (0-5) p-Value Score (0-3) p-Value
Before treatment 1.28 0.004 1.33 0.004 0.67 0.22
After treatment 0.39 0.67 0.33
TABLE 5. Target Wound Bacterial Colonization
Helicoll Standard treatment
Patient Load Species Patient Load Species
Increased bacterial load
HO02 2+ to 3+ Staphylococccus aureus HO5 0to 1+ Diphtheroids
HO02 0 to 4+ Beta Streptococcus HO05 0to 1+ Beta Streptococcus
HO04 1+ to 2+ S. aureus HO06 0 to 3+ Coagulase-negative Staphylococcus
HO04 0to 1+ Mixed skin flora
HO05 0 to 3+ Diphtheroids
HO5 1+ to 3+ Pseudomonas aeruginosa
HOS Rare to 3+ Proteus
HO06 2+ to 3+ S. aureus
HO06 0 to 3+ Coagulase-negative Staphylococcus
HO07 0 to 3+ Gram-negative rods
HO7 0 to 2+ Coagulase-negative Staphylococcus
H10 0 to 2+ Mixed skin flora
H10 1+ to 3+ P. aeruginosa
Decreased bacterial load
HO02 3+ to 1+ S. aureus HO05 2+ to 1+ Proteus
HO02 2+t0 0 Mixed skin flora HO5 2+ to 1+ P. aeruginosa
HOS5 2+to 0 Mixed gram-positive organisms HO05 2+t0 0 Mixed gram-positive organisms
HO07 2+ to 1+ S. aureus HO06 4+ to 3+ S. aureus
No change
H10 2+ S. aureus HO07 2+ S. aureus

No comparison available: HO1, H09, H10 (standard treatment).

subjects described the type I collagen dressings as
“cold,” and this sensation may be responsible for the
immediate pruritus relief. Cooling temperatures have
been described as helpful for pruritus because of their
activation of transient receptor potential melastatin
channels (21,22), although we cannot exclude a direct
mechanism.

Pruritus at wound sites was noted at later time
points. We speculate that this pruritus was second-
ary to effective wound healing (20). Healing wounds
in individuals with EB have been described as
significantly more pruritic than nonwounded skin
(23).

In wounds that received type 1 collagen, we
observed greater bacterial colonization, with no
impairment of wound healing. Bacterial colonization
of wounds in individuals with EB is common and not
necessarily indicative of infection (24-26). Bacterial
colonization may have increased because the fre-
quency of dressing changes at the target wound was
decreased to weekly. One subject (H10) developed a

superficial wound infection on a treated wound that
responded to oral antibiotics; the underlying cause of
the infection was unclear.

There were several limitations to this study. The
sample size was small because of the rarity of RDEB.
We amended the protocol to add a second wound per
patient to serve as a control wound, so the first four
subjects do not have a comparison wound. We did not
assess hemoglobin levels. Severe anemia can lead to
poorer wound healing (2). A patient or investigator
bias may exist because the study was not blinded.
Although we attempted to match treatment and
control wounds of similar sizes, wound size was not
formally standardized. Each patient self-reported the
duration of their wounds, which may not have been
accurate.

In individuals with RDEB, reconstituted natural
purified type I collagen skin substitute helped the
healing of chronic wounds and decreased wound pain
and pruritus at the time of application, but larger
controlled studies of collagen dressings in EB wounds
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are necessary. This skin substitute provides another
option in our EB wound care arsenal.

ACKNOWLEDGMENTS

Funding for the study was provided by Encoll. The
authors would like to thank Shufeng Li, M.S., for her
statistical expertise.

10.

11.

REFERENCES

. Fine JD, Bruckner-Tuderman L, Eady RA et al.

Inherited epidermolysis bullosa: updated recommenda-
tions on diagnosis and classification. J Am Acad
Dermatol 2014;7:1103-1126.

. Pope E, Lara-Corrales I, Mellerio J et al. A consensus

approach to wound care in epidermolysis bullosa. J Am
Acad Dermatol 2012;67:904-917.

. Kirkorian AY, Weitz NA, Tlougan B, Morel KD.

Evaluation of wound care options in patients with
recessive dystrophic epidermolysis bullosa: a costly
necessity. Pediatr Dermatol 2014;31:33-37.

. Falabella AF, Valencia IC, Eaglstein WH, Schachner

LA. Tissue-engineered skin (Apligraf) in the healing of
patients with epidermolysis bullosa wounds. Arch
Dermatol 2000;136:1225-1230.

. Fivenson DP, Scherschun L, Choucair M. Graftskin

therapy in epidermolysis bullosa. J Am Acad Dermatol
2003;48:886-892.

. Ozerdem O, Wolfe SA, Marshall D. Use of skin

substitutes in pediatric patients. J Craniofac Surg 2003;
14:517-520.

. Holmes C, Wrobel JS, Maceachern MP et al. Collagen-

based wound dressings for the treatment of diabetes-
related foot ulcers: a systematic review. Diabetes Metab
Syndr Obes 2013;6:17-29.

. Papa G, Pangos M, Renzi N et al. Five years of

experience using a dermal substitute: indications, his-
tologic studies, and first results using a new single-layer
tool. Dermatol Surg 2011;37:1631-1637.

. Kolenik SM, McGovern TW, Leffell DJ. Use of a

lyophilized bovine collagen matrix in postoperative
wound healing. Dermatol Surg 1999;25:303-307.

Bello YM, Falabella AF, Eaglstein WH. Tissue-engi-
neered skin. Current status in wound healing. Am J Clin
Dermatol 2001;2:305-313.

Wollina U, Schmidt W, Kronert C et al. Some effects of
a topical collagen-based matrix on the microcirculation
and wound healing in patients with chronic venous leg
ulcers: preliminary observations. Int J Low Extrem
Wounds 2005;4:214-224.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Dagregorio G, Guillet G. Artificial skin as a valuable
adjunct to surgical treatment of a large squamous cell
carcinoma in a patient with epidermolysis bullosa.
Dermatol Surg 2005;31:474-476.

Gunasekaran S, Dhanraj P, Kwolek M. Bioactive
collagen dressing for the treatment of burns, donor
sites, and ulcers. World Biomaterials Congress Meeting,
Amsterdam, 2008.

Dhanraj P, Herndon D. A clinical breakthrough in
wound cover “Bioengineered Collagen”—a cost effec-
tive and expeditious permanent skin substitute. Inter-
national Society for Burn Injuries, 2010.

Hockenberry MJ, Wilson D. Wong’s essentials of
pediatric nursing, 8th ed. St. Louis: Mosby, 2009.
Morris V, Murphy LM, Rosenberg M et al. Itch
assessment scale for the pediatric burn survivor. J Burn
Care Res 2012;33:419-424.

Callender VD, Preston N, Osborn C et al. A meta-
analysis to investigate the relation between Fitzpatrick
skin types and tolerability of adapalene-benzoyl perox-
ide topical gel in subjects with mild or moderate acne.
J Clin Aesthet Dermatol 2010;3:15-19.

Wiegand C, Schonfelder U, Abel M et al. Protease and
pro-inflammatory cytokine concentrations are elevated
in chronic compared to acute wounds and can be
modulated by collagen type I in vitro. Arch Dermatol
Res 2010;302:419-428.

Bruckner-Tuderman L, McGrath JA, Robinson EC
et al. Progress in epidermolysis bullosa research: sum-
mary of DEBRA International Research Conference
2012. J Invest Dermatol 2013;133:2121-2126.
Snauwaert JJL, Yuen WY, Jonkman MF et al. Burden
of itch in epidermolysis bullosa. Br J Dermatol
2014;171:73-78.

Yosipovitch G, Bernhard JD. Chronic pruritus. N Engl
J Med 2013;368:1625-1634.

Reid G. Thermo TRP channels and cold sensing:
what are they really up to? Pfliigers Arch 2005;451:
250-263.

Danial C, Adeduntan R, Gorell ES et al. Prevalence
and characterization of pruritus in epidermolysis bull-
osa. Pediatr Dermatol. 18 September 2014. doi: 10.
1111/pde.12391.

van der Kooi-Pol MM, Duipmans JC, Jonkman MF
et al. Host—pathogen interactions in epidermolysis
bullosa patients colonized with Staphylococcus aureus.
Int J Med Microbiol 2014:;304:195-203.

Mellerio JE. Infection and colonization in epidermol-
ysis bullosa. Dermatol Clin 2010;28:267-269.
Brandling-Bennett HA, Morel KD. Common wound
colonizers in patients with epidermolysis bullosa. Pedi-
atr Dermatol 2010;27:25-28.



