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Abstract

Background—In diabetes foot ulceration may result from increased skin fragility. Retinoids can
reverse some diabetes-induced deficits of skin structure and function but their clinical utility is
limited by skin irritation. The effect of diabetes and MDI 301 a non-irritating synthetic retinoid
and retinoic acid have been evaluated on matrix metalloproteinases (MMPs), procollagen
expression and skin structure in skin biopsies from non-diabetic volunteers and diabetic subjects at
risk of foot ulceration using organ culture techniques.

Methods—Zymography and ELISA were utilized for analysis of MMP-1,-2,-9 and tissue
inhibitor of metalloproteinase-1 (TIMP-1) and immunohistochemisty for type | procollagen
protein abundance. Collagen structure parameters were assessed in formalin-fixed, paraffin-
embedded tissue sections.

Results—The % of active MMP-1 and -9 was higher and TIMP-1 abundance lower in subjects
with diabetes. Type 1 procollagen abundance was reduced and skin structural deficits were
increased in diabetes. Three um MDI 301 reduced active MMP-1 and -9 abundance by 29%
(p<0.05) and 40% (p<0.05), respectively and increased TIMP-1 by 45% (p=0.07). MDI 301
increased type 1 procollagen abundance by 40% (p<0.01) and completely corrected structural
deficit scores. Two um retinoic acid reduced MMP-1 but did not significantly affect skin structure.

Conclusions—These data indicate that diabetic patients at risk of foot ulceration have deficits of
skin structure and function. MDI 301 offers potential for repairing this skin damage complicating
diabetes.
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Introduction

Diabetic foot ulceration remains a cause of considerable morbidity (Edmonds et al., 1999 &
2004; Boulton, Kirsner & Vileikyte, 2004; Pecoraro, Reiber & Burgess, 1990). Although
early identification of foot insensitivity, vascular insufficiency and deformities have helped
reduced the incidence of foot complications, chronic ulceration remains one of the most
common and most serious consequences of diabetes. Progressive atrophy of dermal
connective tissue has been identified as an important factor predisposing to increased skin
fragility and ultimately wound formation (Teno et al., 1999; Loots, Lamme, Mekkes, Bos &
Middelkoop, 1999; Lateef, Aslam, Stevens & Varani, 2005; Lateef, Stevens & Varani, 2004;
Kang et al., 1995). Pathologically, a number of deficits have been identified in chronic skin
wounds which fail to heal including reduced fibroblast numbers and proliferative capacity,
reduced procollagen synthesis and increased levels of connective tissue-degrading matrix
metalloproteinases (MMPs) (Teno et al., Lateef, Stevens & Varani, 2004; Varani et al.,
2000; Bizot-Foulon, Bouchard, Homebeck, Dubertret, Bertaux, 1995).

The salutary effects of biologically active retinoids on overall appearance of skin damaged
by ultraviolet radiation has been recognised for many years (Weis et al., 1988; Kligman,
Dogadkina & Lavker, 1993). Treatment of aged skin with retinoids stimulates proliferation
of dermal fibroblasts and reduces the expression of a wide range of matrix MMPs. These
include MMP-1 (interstitial collagenase), MMP-3 (stromelysin-1) and MMP-9 (92-kd
gelatinase B) (Varani, Perone, Fligiel, Inman & Voorhees, 1994; Varani, Fisher, Kang &
Voorhees, 1998). In concert, retinoids upregulate tissue inhibitor of MMP (TIMP-1)
(Braunhut & Moses, 1994; Bigg, McLeod, Waters, Cawston & Clark, 2000) and stimulate
procollagen synthesis (Varani, Perone, Fligiel, Inman, VVoorhees, 1994). We have found that
there are many parallels between the structural and functional defects identified in aged skin
with that in diabetes. For example in diabetes, there is dermal atrophy of skin in the lower
limb which is associated with increased elaboration of MMPs (Lateef , Stevens & Varani,
2004).

However retinoids are irritating (Griffiths et al., 1995; Philips et al., 2002) which could lead
to discontinuation of use or lowering of dose to levels that become clinically ineffective.
Also significant irritation may attenuate any beneficial effects of retinoids on skin structure
and could even provoke skin ulceration in susceptible individuals. Indeed subjects with
diabetes and foot complications such as charcot neuroarthropathy exhibit a range of skin
vascular and inflammatory complications which may predispose them to augmented skin
inflammatory responses and irritation (Stevens, Edmonds, Foster & Watkins, 1992).
Determining the efficacy and safety of retinoids in such high risk subjects is therefore
critical.

Molecular Design International Inc. MDI 301 is a synthetic retinoid which retains the ability
to inhibit MMPs and stimulate collagen synthesis (Varani et al., 2003; Appelyard et al.,
2004) but has less potential to produce irritation. These properties could be particularly
beneficial in the delicate high-risk skin that complicates diabetes. We report the effects of
diabetes and its complications on skin structure and function and the impact of MDI 301 on
these deficits in these high risk subjects.

Material and methods

Human skin organ cultures

Organ cultures of human skin were prepared as described previously (Lateef, Stevens &
Varani, 2004). In brief, four 3 mm full-thickness punch biopsies of upper leg skin were
obtained which were immersed in MCDB-153 (Sigma-Aldrich, Gillingham, Dorset, UK)
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culture medium containing 1.4mM CaCl, and 6 mM glucose. The biopsies were incubated
in a 24-well dish containing 260 ul of Ca2* supplemented MCDB-153 medium, or addition
of 1uM, 3uM MDI 301, or 2uM RA (Sourced by Nova Laboratories, Leicester, UK from BR
Biopharma Ltd, Hertfordshire, UK). Cultures were incubated at 37°C in an atmosphere of
95% air and 5% CO», for 8 days and the cultured media were collected and replaced every
second day. The participation of human subjects in this project was approved by the local
ethics committees, and all subjects provided written informed-consent prior to their
inclusion in the study.

MMP assays

Organ cultured media were assayed for MMP-1, MMP-2 (72-kDa gelatinase) and MMP-9
by casein and gelatine zymography, respectively as described previously (Gibbs et al, 1999).
Zymographic images were digitized and quantified by scanning densitometry. Quantitative
values for MMP-1, MMP-2 and MMP-9 were obtained and normalised against MMPs
normalisation standards.

Tissue inhibitor of Metalloproteinase-1

Culture fluids were assayed for TIMP-1 by ELISA using a commercially-available assay kit
(R&D systems, Abingdon, Oxfordshire, UK).

Formalin-fixed, paraffin-embedded tissue

After culture, tissue was fixed in 10% formal saline and processed for paraffin histology.
Sections (4 um) were stained with hematoxylin & eosin and blinded. To asses collagen
structure four parameters were evaluated. These included: 1) fibril thickness, 2) space
between fibres, 3) degree of organisation and 4) depth of any disorganisation, using a scale
of 1-9 for each parameter, where 1 was normal and 9 is maximal fibre damage. These
parameters have proven useful in the past to document connective tissue fiber damage in
aged skin (Varani et al., 2000).

Immunohistochemistry

Paraffin sections (4um) were de-waxed and endogenous peroxidases removed. After antigen
retrieval, non specific staining was blocked followed by incubation with antibodies to type 1
pro-collagen (Millipore, Watford, Hertfordshire, UK) (1: 400) overnight at 4°C. After
washing, the immunoreactivity was revealed using a Vectastain universal elite ABC kit
(Vector Laboratories Ltd, Peterborough, Cambridgeshire, UK) and diaminobenzidine
(DAKO, Ely, Cambridgeshire, UK). Sections are counterstained with Mayers Haematoxylin,
dehydrated and mounted. The area and density of staining within an area of 1000 X 1000
pixels was determined by image analysis after subtraction of background staining and the
product calculated and presented as the overall abundance.

Statistical Analysis

Data analysis was performed using SPSS 15.0 for Windows (LEAD Technologies Inc.).
Continuous data are presented as mean + SD. The two-tailed independent t test was used to
assess the impact of diabetes on the study outcomes. To assess the impact of interventions
on the study outcomes across the multiple independent groups, one way analysis of variance
(ANOVA) was used. Equality of group variances was tested using the homogeneity of
variance test. If the assumption of equal variance was violated, the Welch statistic was used
to test for the equality of group means. Post-hoc analysis was performed using the Tukey
method if equal variances assumed and the Games-Howell method if equal variances not
assumed. A p value <0.05 was considered significant.
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Twenty seven high-risk subjects with diabetes (mean age 58 + 8 years range 42-70 years, 18
male, 9 female) were recruited. The mean HbAlc was 8.5 + 1.2%. All subjects underwent a
comprehensive neurological assessment and the Michigan Neuropathy Screening Instrument
examination score was 5.1 + 1.9 consistent with the presence of clinically significant
peripheral neuropathy (Feldman et al., 1994). Eleven subjects had a history of recurrent foot
ulcers. Eight patients had a history of charcot arthropathy confirmed by radiological
examination. A group of 12 nondiabetic control subjects (mean age 45 + 15 years, range
27-70 years, 6 male, 6 female) was recruited for comparison. All the subjects underwent
skin biopsy from the upper leg.

Effect of diabetes on MMP-1, MMP-2 and MMP-9 abundance and activity

Initially we examined the effect of diabetes on MMP abundance and activity. Levels of total
(active and latent forms) MMP-1, -2 and -9 were not significantly different in the culture
fluid from skin biopsies taken from non-diabetic and diabetic subjects (Table 1). However
the diabetic skin exhibited marked activation of the degrading MMPs (Table 1). For
example, in nondiabetic subjects, 33% of skin MMP-1 was found to be in the active form
(i.e. 67% was inactive). In our subjects with diabetes, the % of activated MMP-1 had
significantly increased to 51% (p<0.05). In a similar fashion, in nondiabetic subjects, 27% of
MMP-2 was active and in subjects with diabetes, this had increased to 36% (p=0.1). Finally,
30% of MMP-9 was active in subjects without diabetes, compared to 47% (p<0.05) in
diabetic subjects.

Effect of diabetes on TIMP-1 abundance

Increased expression of MMPs in response to diabetes may reflect a reduction in TIMP. We
therefore explored the effect of diabetes on the abundance of TIMP-1 which is the major
MMP inhibitor in skin. Levels of TIMP-1 were reduced by 19% (p=0.07) in high-risk
diabetic subjects (Table 1).

Effect of diabetes on type 1 procollagen abundance

Type | collagen protein is the most abundant skin structural protein (Talwar, Griffiths,
Fisher, Hamilton & Voorhees, 1995). We therefore sought to explore the effect of diabetes
on type 1 procollagen abundance using immunohistochemistry. Diabetes was found to
reduce the abundance of type 1 procollagen by 31% (p=0.001) (Table 1).

Skin Structural Deficit Scores in Healthy Controls and Subjects with Diabetes

Four parameters of collagen structure were assessed in formalin-fixed, paraffin-embedded
tissue sections. Diabetes was found to significantly disrupt all measured parameters of skin
structure (Table 2). The mean skin structural deficit score was significantly higher in
subjects with diabetes than healthy controls (4.0 £ 0.9) vs (2.7 £ 0.7, p=0.002, respectively).

Effect of MDI 301 and RA on MMPs and TIMP-1

MMP-1, MMP-2, MMP-9 and TIMP-1—Incubation of skin biopsies from the diabetic
subjects with 3 um MDI 301 significantly reduced active MMP-1 abundance with levels
being reduced by 29% (p<0.05) (Figure 1). One uM MDI 301 however only reduced active
MMP-1 by 6%. In concert, 2 uM RA resulted in a 31% reduction in MMP-1 (p<0.05).
Levels of active MMP-9 were decreased 40% (p<0.05) by 3 uM MDI 301 whereas the 30%
reduction by 2 uM RA did not achieve statistical significance (p=0.2) (Figure 2). One uM
MDI 301 did not affect levels of active MMP-9. In contrast, levels of active MMP-2 were
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unaffected by MDI 301 at any concentration or RA. There were however, no significant
differences detected between the effect of 3 uM MDI 301 and RA. Exposure of tissue to
MDI 301 or RA did not affect levels of total MMPs (data not shown). No significant effects
of MDI 301 at any dose or RA were noted on MMP abundance or activity in samples from
non-diabetic subjects (data not shown).

The culture fluids were examined for TIMP-1 levels by ELISA. In the diabetic skin samples,
TIMP-1 protein abundance increased dose-dependently in response to MDI 301 with levels
increasing by 25% (125+76 ng/ml vs 156+73 ng/ml [ns]) and by 45% (12576 ng/ml vs
181+99 ng/ml [p=0.07]) in 1 and 3 uM MDI 301, respectively. TIMP-1 was also increased
by 26% by RA although this failed to achieve statistical significance (p=0.6). In non-diabetic
skin samples, TIMP-1 abundance was non-significantly increased by both 3 um MDI 301
and RA (data not shown).

Effect of MDI 301 and RA on Type 1 Procollagen Abundance

Type 1 procollagen abundance was increased in diabetic skin samples by ~40% (p<0.01) by
both 1 and 3 pM MDI 301. The 31% increase in response to RA did not however achieve
statistical significance (p=0.08) (Figure 3). Figure 4 shows representative tissue sections
from a nondiabetic patient (Panels A and B) and sections from a diabetic subject (Panels C
and D) cultured without or with 3 uM MDI 301. The reduction of type 1 procollagen
abundance is clearly evident in untreated diabetes and is significantly augmented by the
retinoid. Culture of non-diabetic skin samples with 3 uM MDI 301 significantly increased
type 1 procollagen abundance (720+103 vs 888+75, p<0.01). The 14% and 11% increase in
type 1 procollagen abundance observed by culture in 1 uM MDI 301 and 2 uM RA,
respectively, did not achieve statistical significance.

Skin Structural Deficit Scores

MDI 301 improved the mean structural deficit score by 13% and by 21% (p<0.01), in 1 and
3 uM MDI 301, respectively (Table 2). All aspects of skin structure were found to be
significantly improved by 3 uM MDI 301. In contrast, no discernable effect of RA on any
parameter of skin structure was observed. Figure 5 shows representative tissue sections from
a nondiabetic patient (Panels A and B) and sections from a diabetic subject (Panels C and D)
cultured without or with 3 uM MDI 301. Epidermal hyperplasia can clearly be seen in the 3
uM MDI 301 treated diabetic skin.

Discussion

In diabetes, the lifetime risk of developing a foot ulcer is estimated to be 5-15% (Reiber,
1996; Lavery, Armstrong, Wunderlich, Tredwell & Boulton, 2003). Foot ulceration causes
substantial emotional, physical, productivity, and financial losses (Vileikyte 2001).
Additional approaches aimed at reducing the risk of ulceration or improving healing rates
once ulceration has occurred are urgently required.

The % of active MMP-1, -2 and -9 were higher and TIMP-1 abundance lower in our high-
risk subjects with diabetes. Eleven of our current cohort had a history of foot ulceration and
8 had charcot arthropathy, clinical characteristics which are consistent with the very high
risk population that we would wish to target for treatment. Seven subjects were without
neuropathy or foot complications. Nevertheless we did not find differences in baseline
activity levels of MMPs in these different diabetic groups (data not shown). Increased
elaboration of activated MMPs is thought to precede changes in skin structure which is then
followed by a reduction in collagen synthesis and wide-spread collagen destruction
(Griffiths et al., 1993; Varani et al., 2002). Levels of pro-MMP-2 and pro-MMP3 have been
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reported to be increased in fibroblasts from diabetic patients (Wall, Sampson, Levell &
Murphy, 2003).

In order to quantify the degree of damage to the skin and assess collagen structure a
previously reported (Varani et al., 2000) skin structural deficit score was applied for the first
time to subjects with diabetes. All parameters of collagen structure were greatly disrupted in
the skin of the diabetic subjects compared to the healthy controls. In general, the extent of
the skin structural damage correlated with the severity of diabetic foot complications since
deficits were most advanced in subjects with charcot arthropathy. In concert, we report for
the first time that type 1 procollagen abundance is also significantly reduced in diabetic
subjects with foot complications. These data are consistent with the concept that in the high
risk subject with diabetes, skin structural deficits in concert with foot deformities,
insensitivity and vascular insufficiency represent a potential therapeutic target.

Topical retinoids have been proposed as a means to reverse many of the functional and
structural deficits of the skin caused by aging or diabetes (Lateef, Stevens & Varani, 2004;
Griffiths et al., 1993). However, clinically, the use of retinoids is limited by skin irritation
(Griffiths et al., 1995; Philips et al., 2002). Topical retinoids are known to stimulate
epidermal hyperplasia (Varani et al 2001) which is thought to reflect pro-inflammatory
changes in the vasculature and upregulation of pro-inflammatory cytokines. This can lead to
induction of adhesion molecules on microvascular endothelial cells and recruitment of
inflammatory cells (Mulligan et al., 1991). Retinoids can also reduce epidermal cohesion
(Varani et al., 1991). Therefore the altered vascular responsiveness of subjects with diabetes
and in particular charcot neuroarthropathy (Stevens, Edmonds, Foster & Watkins, 1992)
could predispose to increased retinoid-induced irritation which may negate any skin
functional and structural improvements and ultimately may paradoxically predispose to
wound formation. Indeed our pilot studies suggest that the use of topical retinoic acid in
subjects with diabetes improves skin biochemistry but not structure (MJS observations). An
alternative approach which is equally as potent but much less irritating is clearly desirable in
these subjects.

We explored ability of MDI 301, a picolinic acid-substituted 9-cis RA ester to reproduce its
salutary effects of skin collagen synthesis and MMP activation (Varani et al., 2003;
Appelyard et al., 2004) in skin biopsies from subjects with diabetes and advanced
complications. Levels of active MMP-1 and 9 were significantly reduced by 3 uM MDI 301
whereas 2 uM RA (a concentration found previously to be the most effective in inhibiting
skin MMP activity (Lateef, Stevens & Varani, 2004) only significantly reduced levels of
MMP-1. The attenuated response reported herein may reflect the more advanced damage to
the skin in this cohort of subjects. In concert MDI 301 exceeded RA in augmentation of
TIMP-1 protein abundance, consistent with overall greater potency.

In preclinical studies, pretreatment of diabetic hairless rats with topical MDI 301 can
accelerate wound-closure time (Warner et al., 2008) a finding which is consistent with our
previous report utilising RA in this model (Varani et al., 2002). MDI 301 possesses
significantly less potential to irritate the skin when compared to RA (Varani et al., 2003;
Appelyard et al., 2004). RA causes up-regulation of several pro-inflammatory cytokines
including IL-1o and -1, IL-6, 1L-8 and MCP-1 and increases ICAM-1 and E-selectin
(\Varani, Fay & Perone, 2007). In the diabetic rodent model, MDI 301 was found to reverse
the effect of diabetes on activation of skin MMP-1 and -9 and in concert restore abundance
of TIMP-1 and type 1 procollagen (Warner et al., 2008). Although this effect may partly be
due to attenuation of collagen breakdown secondary to inhibitory effects on MMPs,
increased procollagen synthesis may also be involved. This would be consistent with reports
of retinoid-induced increased cellular MRNA and protein of type | procollagen in tissue
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sections of aged/photoaged skin (Griffiths et al., 1993). These effects have been proposed to
reflect a retinoid-mediated reduction in signaling through the JNK pathway, leading to
reduced c-jun activation (Fisher et al., Chung, Kang, Varani, Lin, Fisher, Voorhees, 2000)
and modulation of signaling via TGF-, which is a potent inducer of collagen production
(Fisher et al., 2000).

MDI 301 significantly reduced the mean deficit score to levels that were not significantly
different from non-diabetic values. In nondiabetic skin, RA as well as MDI 301 can
stimulate epidermal thickening and increase procollagen synthesis, while reducing MMP-1
abundance and augment the production of TIMP-1 (Varani, Fay & Perone, 2007). However
in diabetic skin the effects of RA on MMP-9, TIMP-1, type 1 procollagen and skin structure
are attenuated compared to MDI 301. This suggests that augmented potency of MDI 301
coupled with its reduced capacity for irritation may be advantage in these high-risk diabetic
subjects.

A limitation to our study was the slightly younger age of our nondiabetic control group. We
do not feel however that this will have significantly impacted our results since the increase
of MMP levels that are observed with age is more than offset with the reduction in
cellularity which affects both the epidermis and dermis (Varani et al., 2000). Thus if our two
groups of subjects were more closely age matched, the differences in MMP levels might
have been augmented. Since retinoid treatment increases dramatically the cellularity of the
skin, the reduction of enzyme levels per cell in MDI 301 treated skin could be expected to
be greater than measured herein.

In conclusion diabetes complicated by foot ulceration and charcot arthropathy exhibits skin
structural and functional deficits which may predispose to fragility and ulceration. The
synthetic retinoid MDI 301 appears to have greater potency than RA to reverse activation of
connective tissue-degrading MMPs, increase type 1 procollagen abundance and ameliorate
skin structural deficits in these high risk patients. If these effects can be reproduced by
topical application on the lower limb skin of diabetic subjects without inducing
inflammation, this approach may be of benefit in the prevention of chronic diabetic foot
ulceration.
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Figure 1. Effect of MDI 301 and retinoic acid on MMP-1 activity in organ culture
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Organ culture fluid from untreated, 1 uM and 3 uM MDI 301-treated or 2 uM RA-treated
skin was collected on day 4 and assayed for MMP-1 by —casein zymography. Zymographic

images were scanned and digitized, and negative images quantified. Upper Panel:
Representative B-casein zymogram demonstrating MMP-1 in organ culture fluid from

untreated diabetic skin and skin treated with 1 pM and 3 pM MDI-301 and 2 uM retinoic
acid (RA). A higher percentage of MMP-1 in the active form can be seen in culture fluid
from untreated skin as compared to MDI 301 and RA treated skin. Lower Panel. Active
enzyme expressed as a percentage of total enzyme (densitometry values from active forms
divided by values from active + latent forms). Values shown are means and standard errors
based on organ cultures from 12 normal and 27 diabetic volunteers. Statistical significance
of the differences among the four groups was determined by analysis of variance followed
by paired-group comparisons.
*p<0.05 vs untreated samples
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Figure 2. Effect of MDI 301 and retinoic acid on MMP-9 activity in organ culture

Organ culture fluid from untreated, 1 uM and 3 pM MDI 301-treated or 2 uM RA-treated
skin was collected on day 4 and assayed for MMP-9 by gelatin zymography. Zymographic
images were scanned and digitized, and negative images quantified. Upper Panel:
Representative gelatin zymogram demonstrating MMP-9 (and MMP-2) in organ culture
fluid from untreated diabetic skin and skin treated with 1 uM and 3 uM MDI-301 and 2 pM
retinoic acid (RA). A higher percentage of MMP-9 in the active form can be seen in culture
fluid from untreated skin as compared to MDI 301 and RA-treated skin. MMP-2 latent and
active forms can also be seen and there is a reduction of active MMP-2 in MDI-301 and RA-
treated samples. Lower Panel. Active enzyme expressed as a percentage of total enzyme
(densitometry values from active forms divided by values from active + latent forms).
Values shown are means and standard errors based on organ cultures from 12 normal and 27
diabetic volunteers. Statistical significance of the differences among the four groups was
determined by analysis of variance followed by paired-group comparisons.

*p<0.05 vs untreated samples
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Figure 3. Effect of MDI 301 and retinoic acid on type | procollagen abundance

Skin tissue from non-diabetic and diabetic subjects was maintained in organ culture for 8
days under serum-free, growth factor-free conditions in the absence or presence of 1 uM and
3 uM MDI 301 or 2 uM RA. At the end of the incubation period, sections were dewaxed
blocked with 10% horse serum and incubated with antibodies to type 1 pro-collagen and the
immunoreactivity revealed using a Vectastain universal elite ABC kit (Vector Laboratories,
Orton Southgate, Peterborough, Cambridgeshire, UK) and diaminobenzidine (DAKO, Ely,
Cambridgeshire, UK). The area and density of staining within an area of 1000X1000 pixels
was determined by image analysis after subtraction of background staining and the product
calculated and presented as the overall abundance (in intensity units). Values shown are
means and standard errors based on sections from 12 normal and 27 diabetic volunteers.
Statistical significance of the differences among the four groups was determined by analysis
of variance followed by paired-group comparisons.

RA= Retinoic Acid. Results expressed as mean + SEM. *p<0.01 vs untreated samples
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Figure 4. Immunohistochemcial staining for type 1 procollagen in untreated and MDI 301-
treated non-diabetic and diabetic skin in organ culture

Skin tissue from non-diabetic and diabetic subjects was maintained in organ culture for 8
days under serum-free, growth factor-free conditions in the absence or presence of 3 uM
MDI 301. At the end of the incubation period, sections are dewaxed blocked with 10% horse
serum and incubated with antibodies to type 1 pro-collagen and the immunoreactivity
revealed using a Vectastain universal elite ABC kit (Vector Laboratories, Orton Southgate,
Peterborough, Cambridgeshire, UK) and diaminobenzidine (DAKO, Ely, Cambridgeshire,
UK). A: Normal control. B: Normal 3 uM MDI 301-treated. C: Diabetic control. D:
Diabetic 3 pM MDI-301-treated. Reduced abundance of type 1 procollagen can be seen in
the untreated diabetic skin which is increased by 3 uM MDI 301 treatment (x200)
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Figure 5. Histological features of untreated and MDI 301-treated non-diabetic and diabetic skin
in organ culture

Skin tissue from non-diabetic and diabetic subjects was maintained in organ culture for 8
days under serum-free, growth factor-free conditions in the absence or presence of 3 uM
MDI 301. At the end of the incubation period, the tissue was fixed in 10% buffered formalin
and examined at the light microscopy level after sectioning and staining with hematoxylin
and eosin. A: Normal control. B: Normal 3 uM MDI 301-treated. C: Diabetic control. D:
Diabetic 3 pM MDI-301-treated. Epidermal hyperplasia can be seen in the 3 uM MDI 301
treated diabetic skin (x200).
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