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ABSTRACT

The occurrence of ulcers in leprosy is mainly due to the
existence of numb areas that can easily undergo trauma
and burns and thereafter become secondarily infected.
This study aimed to treat ulcers in lower limbs of pa-
tients with leprosy sequelae through the implantation
of autologous keratinocytes. The study consisted of
fourteen patients (six with a single ulcer, four with more
than one ulcer in the same limb and four with ulcers
in both limbs) with a total of 31 ulcers. A fragment of
healthy skin was collected and subjected to enzymatic
digestion to obtain keratinocytes, which were then cul-
tured for four weeks. The resulting keratinocytes were
implanted in ulcers in combination with fibrin glue.
Patients were followed for two months and the ulcers
were monitored weekly during this time. Ulcers mea-
suring < 9.0 cm high x 5.0 c wide (23 ulcers) decreased
by 68.8% + 27.1%, with nine of them showing complete
healing. Larger ulcers decreased by 50.0% =+ 31.9%, with
two of these healing completely. Thus, implantation of
autologous keratinocytes in combination with fibrin
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glue was effective in healing and/or reducing the ulcer
size and should be considered as an additional ulcer
treatment option in patients with leprosy sequelae.
Key words: leprosy, keratinocytes, lower limb ulcers, fi-
brin glue.

INTRODUCTION

Regardless of their etiology, skin ulcers, particularly
those of lower limbs, cause great suffering and com-
promise the quality of life of patients and their families!
Lower limbs are subject to various types of ulcers due
to their frequent exposure to trauma and less efficient
circulation caused by the nature of the human stance.
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With leprosy, ulcers can arise due to numb areas that can
easily be traumatized, burned and secondarily infected.?

According to De Las Aguas,’® around 1.8 million lepro-
sy patients have physical disabilities and many of these
have recurring ulcers in the lower limbs. In the leproma-
tous form, these ulcers are distinct because skin in the
patients’ legs is infiltrated with the possible presence of
papules, nodules and leprosy lesions. Both the diffuse
infiltrations and the leprosy lesions may ulcerate due to
the blockage of blood vessels by inflammatory infiltrate
that includes large amounts of macrophages contain-
ing bacilli. In advanced cases of this form of leprosy,
the superficial veins can be completely blocked by the
lepromatous infiltration, which can cause pan phlebitis.
In addition, there are often neurological alterations in
the lower limbs, leading to impaired sudoresis and al-
tered circulation in small dermal vessels, which contrib-
utes to the onset of ulcers.?

Surgical treatment of the ulcers includes auto grafts,
but is limited by its requirement for large areas of skin
from the donor area. Technological advances have
made it possible to cultivate unlimited quantities of re-
placement skin from a small skin sample in vitro*¢ Using
these techniques, researchers have successfully used
keratinocytes from culture for restoring skin lesions* "8
These cells can be grown on a substrate, such as acellular
human dermis or a transparent film, or be isolated in cul-
ture and then implanted on ulcers with fibrin glue.”*1°

Because ulcer development in leprosy patients is
a complex process, their treatment should be based
on the identification and elimination of the various
contributing factors. Although there are many topical
substances, sophisticated covers and several surgical
techniques, treatment should be multidisciplinary and
individualized. Therefore, this study aimed to heal lower
limb ulcers of patients with leprosy sequelae using an
alternative treatment.

MATERIALS AND METHODS

Patients: fourteen patients with chronic lower limb
ulcers from leprosy sequelae treated at the outpatient
clinic of the Instituto Lauro de Souza Lima, Bauru, Brazil,
during the period of March 2007 to February 2009 par-
ticipated in this study. Of the fourteen patients, ten (71%)
were male, aged 28-74 years (mean 51 years), and four
(29%) were female, aged 55-75 years (mean 63 years). All
patients had completed treatment specifically for leprosy
and had sequelae of the disease. Of these, nine had the
lepromatous clinical form of the disease and five were
borderline. The average evolution time of the ulcers was
10.5 years (10 years for males and 11 years for females).
Of the fourteen patients evaluated, six had a single ulcer,
four had more than one ulcer in the same leg and four
had ulcers in both legs, for a total of 31 ulcers. The inclu-
sion criterion was defined as no arterial compromise in
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the lower limb that contained the ulcer. Before receiving
the implant, the ulcers were evaluated and prepared,
such that they were uninfected and free of devitalized
tissues. This study was approved by Ethics Committee
of the Instituto Lauro de Souza Lima and only included
willing patients who signed a consent form.

Collection and preparation of skin samples for
culture: a piece of healthy skin from the abdominal re-
gion was obtained from every patient and subjected to
enzymatic digestion to obtain keratinocytes. Briefly, the
samples were washed in 0.9% saline solution contain-
ing an antibiotic-antimycotic mixture (100 IU/ml penicil-
lin, 100 pg/ml streptomycin and 25 ug/ml amphotericin
- Gibco, Grand Island, NY, USA). After removal of adipose
tissue, the dermis/epidermis was cut into small 1-2 mm
pieces. The fragments were placed in a Petri dish with
trypsin-EDTA (Gibco) and incubated at 37°C for 4 h in
an atmosphere of 5% CO,. Trypsin was neutralized by
the addition of fetal calf serum (Gibco). The supernatant
was collected, filtered through a 40-um nylon filter (BD
Falcon, Bedford, MA, USA) and then centrifuged at 200
g for 10 min. The cells were washed once with 0.9%
saline solution and the cell pellet was resuspended in
saline. Cell counting was performed using a 1:2 dilution
with 5% Turck dye in 4% glacial acetic acid. Cell viability
was determined by dilution of cells 1:2 in 0.1% trypan
blue dye in buffered saline, pH 7.2.

Keratinocytes culture: the cell concentration was ad-
justed to 1 x 10%/ml using keratinocyte culture media
(Keratinocyte-SFM, Gibco) supplemented with 2 mM/ml
L-glutamine, 5 ng/ml epidermal growth factor, 50 ug/ml
bovine pituitary extract, 10% fetal calf serum, 100 1U/ml
penicillin and 100 pg/ml streptomycin. Cells were plat-
edin 25-cm? cell culture flasks (Becton Dickinson, Frank-
lin Lakes, NJ, USA) and incubated at 37°C in a 5% CO,
atmosphere. After cells had adhered to the flasks, the
medium was removed and replaced every two days.
Cells were removed from the culture flasks for use in the
grafts of patient ulcers when the cultures were conflu-
ent, which was approximately after 4 weeks in culture.

Post-culture keratinocyte recovery: after removal
of the culture medium, trypsin-EDTA was added to the
flask. The flask was incubated at 37°C in a 5% CO, atmo-
sphere for 5 min. Trypsin was neutralized with fetal calf
serum. The keratinocytes were harvested, centrifuged
and washed once with 0.9% saline solution. Cell pellets
were resuspended in 1 ml thrombin (one of the com-
ponents of the fibrin glue kit), and the total cell number
and viability were determined. After reconstitution in
fibrinogen from the fibrin glue kit, the application kit
(Conjunct Pantaject®) was ready to be applied to the
patient’s ulcer.
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Keratinocyte implantation in ulcers: before receiv-
ing the cell implant, patient ulcers were photographed
and evaluated for their appearance and size. Cells were
grafted into the ulcer together with fibrin glue (Beriplas-
t®-P, ZLB Behring GmbH, Marburg, Germany). The ulcer
was then covered with Adaptic (Johnson & Johnson), a
non-adherent dressing, and an Unna boot (ConvaTec,
Bristol-Myers Squibb, NY, USA), as described by Phillips
etal" Rest for 24 h was recommended to the patients.

Patient monitoring: ulcers were washed weekly with
0.9% physiological serum. They were measured using a
sterile paper ruler and photographed. Ulcers were cov-
ered with Adaptic dressing and an Unna boot. Patients
were followed for two months. The implantation of cells

was repeated in three patients with extensive ulceration
who agreed to the new implant. In these cases, the
same procedures described above were used and the
ulcer was evaluated for another 2 months, as described.

RESULTS

The results obtained from the keratinocyte implanta-
tion are summarized in Table 1. Ulcers measuring < 9.0
cm high x 5.0 cm wide (23 ulcers) showed a 68.8% +
271% (median 64%) reduction in size. Nine of these ul-
cers healed completely. Ulcers larger than these showed
a50.0% =+ 31.9% (median 36%) reduction in size, and two
healed completely. Figure 1 shows pictures of one pa-
tient's ulcer before and two months after implantation.

Table 1 Ulcer evolution two months after keratinocyte implantation in patients with leprosy sequelae.

patient number/ Age Location/ Initial measurement Final measurement % Reduction
.. 9 number of (height x width) (height x width)
clinical form (years)
ulcers (cm) (cm)
6.0x4.0 20x1.5 65
1L 74 LiL/02 13.5x7.5 9.0x4.5 37
02/LL 60 RIL/01 5.0x3.0 healed 100
03/BL* 56 LIL/01 21.0 (circular and irregular) 16.0 24
04/L 55 RIL/01 11.0x4.5 healed 100
LIL/01 7.5x2.0 healed 100
05/BL 28 RIL/01 14.5x10.0 74x5.0 50
1.5%x2.0 1.0x0.8 47
06/BL 45 LiL/02 45x20 3.0x1.0 42
07/LL 65 RIL/01 2.0x4.0 1.0x3.0 38
08/BL 48 LIL/01 10.3x7.3 6.5x6.0 28
09/LL 75 LIL/01 1.6x2.2 1.0x0.9 48
2.0x2.0 healed 100
10/BL 56 LIL/03 12.0x2.5 healed 100
5.0x8.0 25x1.8 64
LIL/03 3.5x0.5 healed 100
4,0x5.0 1.0x2.0 68
11/LL* 42 5.0x5.0 2.0x2.0 60
RIL/01 16.0 cm (circular) 10.5 35
20x25 healed 100
LIL/04 3.5x1.0 healed 100
1.5x0.8 healed 100
12/LL 62 3.0x14 healed 100
8.5x5.0 24x3.8 50
RIL/02 5.5x5.0 3.5x1.8 50
LIL/02 2.0x3.5 healed 100
13/LL* 40 3.0x3.0 2.0x2.0 33
RIL/01 13.5 cm (circular) 10.0 26
6.0x2.0 3.5x1.0 46
14/LL 60 RIL/03 5.5x4.0 2.8x3.0 37
6.2x6.0 5.0x3.0 35

LL= Lepromatous Leprosy; BL= Borderline Leprosy; RIL= Right Inferior Limb; LIL= Left Inferior Limb.

* patient subjected to two cell implants.
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Figure 1

The medium ulcer size before implantation was 6.0 x
4.2 cmin males and 49 x 3.1 cm in females, not includ-
ing three circumferential and irregular ulcers that were
treated. Two months post-implantation, the medium
ulcer size was 1.8 x 1.7 cm in males and 1.7 x 1.2 cm
in females, which are 65% and 63% reductions in size,
respectively.

The correlation between patient age and evolution
of the ulcers after 2 months of implantation revealed
that complete healing occurred in 11 patients aged 28-
68 years (Table 2). In regards to the evolution of the ul-
cers pre and post- implantation, we found that of the
eleven healed ulcers, five occurred in patients who had
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Ulcer in lower limb of patient with leprosy sequelae subjected to keratinocyte implantation. A.
Before implant. B. Two months after implant — 100% healed.

ulcers for up to five years, two in patients with ulcers for
up to ten years and four in patients with ulcers for over
nineteen years (Table 3).

Table2  Correlation between patient age and evolution of
ulcers after cell implantation in patients with leprosy
sequelae.

Number of Ulcers
Age (years) Healed Reduced - % reduction
28-48 3 9 43.2
49-68 8 8 43.0
> 70 0 3 50.0
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Table 3  Correlation between ulcer evolution time before cell
implantation and two months after procedure in pa-

tients with leprosy sequelae.

Number of Ulcers

Time of evolution

Healed Reduced - % reduction
(years)
3-5 5 3 54.0
8-10 2 9 41.7
>19 4 8 43.1

Patients that received two implants had extensive
and irregular ulcers, which covered almost the entire
circumference of the leg. In these patients, we observed
a 28% reduction in the size of the ulcers.

DISCUSSION

A large number of people with leprosy, in most cas-
es already treated, can develop ulcers in their legs as
sequelae of the disease. These ulcers are chronic and
characterized by long healing times. We conducted this
study to develop an alternative method to effectively
treat and heal lower limb ulcers. In this study, most pa-
tients (64%) who underwent cell implantation had the
lepromatous clinical form of leprosy. Previous studies by
Siddiqui et al'? and Salazar et al”® also showed that ul-
cers are predominant (54.7% and 95.4%, respectively) in
patients with this form of the disease. These findings are
possibly due to the fact that these patients show dif-
fuse infiltrations that ulcerate due to blockage of blood
vessels by the inflammatory infiltrate, which has large
amounts of bacilli-containing macrophages, as well as
the presence of neural involvement in more advanced
forms of the disease.”?

Of the patients evaluated, 21% had other associated
systemic conditions, such as hypertension and diabetes
mellitus, which could interfere with the healing process.
These patients showed a 49% reduction in their ulcers
and five completely healed. These findings are not in
agreement with those reported by Nelzén et al,'* who
observed worsening of lower limb ulcers in patients
suffering from leprosy and related diseases.

Previous studies suggest that advanced age may hin-
der healing and contribute to the worsening of ulcers.
18 |n this study, the patients’ ages ranged from 28 to 75
years and the ulcer size reduction rate was similar in all
age groups. The number of healed ulcers was actually
greater in the age group of 49-68 years. Our results are
similar to those of Trier et al,)” who found no statistical
difference among patients of different etiologies and
age groups undergoing grafts. In a similar study, Ceil-
ley et al'® also found no correlation between advanced
age and decrease in wound diameter after grafting.
Phillips et al'" previously reported that keratinocytes
of individuals over 60 years cultured in vitro grow more
slowly and cannot achieve confluency in culture. Fur-
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thermore, they showed that the survival span of these
cells is shorter and that the response to mitogens is less
robust, thus suggesting that these characteristics tend
to persist after grafting in wounds. Our study included
four patients aged over 60 years, one of whom showed
complete healing of four ulcers and the remaining three
had a 48% reduction in ulcer size. In cultures of kerati-
nocytes, we found no differences in relation to cultures
of patients aged less than 60 years.

Implantation of skin cells has been used with success
for the treatment of ulcers of various etiologies.” " To
date, there are no reports in the literature describing
the use of in vitro cultured autologous skin cells for the
treatment of chronic ulcers of patients with sequelae
of leprosy. In this study, we implanted these cells after
cultivation and dilution in fibrin glue using a commer-
cial kit according Siedler & Schller-Petrovic® and Puzzi
et al!” These authors reported success in treating arte-
riovenous ulcers and ulcers from sickle cell anemia pa-
tients using cells resuspended in this vehicle.

Fibrin glue is composed of fibrinogen and factor XIll
reconstituted in aprotinin solution, an antifibrinolytic
agent. The other component of the glue is thrombin
reconstituted in calcium chloride, which leads to rapid
solidification of the glue. In the final stage of coagula-
tion, fibrinogen and thrombin form a fibrin clot, which
is stable in the presence of factor Xlll and calcium?

The healing process is a complex biological event
involving cell migration and proliferation, angiogenesis,
matrix remodeling and re-epithelialization, with sev-
eral growth factors and cytokines participating in the
process.” % Several of the involved growth factors are
epidermal grown factor (EGF), fibroblast growth factor
(FGF), keratinocyte growth factor (KGF) and platelet-de-
rived growth factor (PDGF), which all stimulate cell
proliferation and differentiation.?’ In addition, pro-in-
flammatory cytokines, such as interleukin 1 (IL-1), inter-
leukin 6 (IL.-6) and tumor necrosis factor-alpha (TNF-a),
stimulate the expression of KGF and the proliferation of
keratinocytes and fibroblasts. In addition, the presence
of transforming growth factor-beta (TGF-{) is also cru-
cial for the healing process as it induces angiogenesis, is
chemotactic for fibroblasts and stimulates the synthesis
of collagen and fibronectin.® We did not evaluate the
participation of cytokines and growth factors in the pa-
tients” ulcers before and after the implant in this study.
It is possible that the differences in ulcer size reduction
or healing among the patients may be related to these
factors and should be studied further.

Several studies suggest that the evolution time of ul-
cers can be a factor hindering healing because chronic
ulcers can be characterized by high concentrations of
proteolytic enzymes, a prevalence of older fibroblasts
with low replication capacity and a deficiency in the
recruitment of keratinocytes to cover the wound bed.”
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2223 Analysis of individual results in this study suggests
that the time of ulcer evolution did not seem to influ-
ence their size reduction or healing. These results are
similar to those reported by Kunst" who also did not
find any significant correlation between the reduction
of ulcer diameter and its time of evolution in patients
with sequelae of leprosy.

In this study, three patients with extensive and cir-
cular ulcers were subjected to two cell implants that
resulted in a 28% reduction of the ulcer size. We con-
cluded that new implants are necessary in cases such as
these, with large ulcers, as previously described by Vil-
leneuve et al” These authors reported the healing of an
ulcer of 32 cm?from a patient with rheumatoid arthritis
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gous keratinocytes in combination with fibrin glue is
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er limb ulcers of patients with leprosy sequelae.
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