
Abstract The ability of the synthetic retinoid MDI-301,
in which the carboxylic acid of 9-cis-retinoic acid (9-cis-
RA) is replaced with an ester linkage, to induce epidermal
and dermal thickening and skin irritation (erythema and
flaking) in hairless (rhino) mice following its topical ap-
plication was investigated in comparison with that of 
14-all-trans-retinoic acid (14-all-trans-RA) and 9-cis-RA.
MDI-301 induced epidermal proliferation leading to a
thickened epidermis. Treated animals also demonstrated a
prominent band of organized connective tissue immediately
below the epidermis. In its ability to induce epidermal thick-
ening, MDI-301 was quantitatively similar to 14-all-trans-
RA and 9-cis-RA. However, unlike 14-all-trans-RA and
9-cis-RA, which produced skin irritation associated with a
perivascular influx of mononuclear leukocytes into the
dermis, there was no evidence of irritation with MDI-301
and little leukocyte infiltration. Intraperitoneal injection
of either 14-all-trans-RA or MDI-301 also resulted in epi-
dermal and dermal thickening. Irritation of skin was not
observed in these animals but splenomegaly was promi-
nent in animals treated with either agent.

Keywords Retinoids · Epidermal hyperplasia · Dermal
thickening · Irritation

Introduction

The naturally occurring vitamin A derivatives including
14-all-trans-retinoic acid (14-all-trans-RA) and 9-cis-reti-

noic acid (9-cis-RA) stimulate proliferation of epidermal
keratinocytes when the cells are maintained in monolayer
culture under conditions that promote quiescence (Varani
et al. 1989). Growth-promoting activity can also be seen
in retinoid-treated organ cultures of human skin (Varani 
et al. 1993; Varani et al. 2001) as well as in human skin
(Weiss et al. 1988; Kligman et al. 1993; Kang et al. 1995)
and rodent skin (Mezick et al. 1984; Ashton et al. 1984;
Chen et al. 1995) following topical application. The same
retinoids also stimulate proliferation of quiescent fibro-
blasts in monolayer culture (Varani et al. 1994). Produc-
tion of type I procollagen is increased under the same con-
ditions, while elaboration of collagen-degrading matrix
metalloproteinases (MMP) is decreased. Fibroblast activa-
tion, leading to increased type I procollagen production
and decreased MMP expression is also seen following
topical retinoid treatment of human or rodent skin (Klig-
man et al. 1984; Griffiths et al. 1993; Fisher et al. 1996;
Fisher et al. 1997).

While these potent vitamin A derivatives have stimula-
tory effects on the major cellular elements of the skin, the
same agents also induce irritation (i.e., erythema and flak-
ing) in the skin (Ashton et al. 1984; Chen et al. 1995).
Mechanisms underlying irritation as well as the relation-
ship between growth-promoting activity and induction of
irritation are not fully understood. In the past, it has been
thought that growth promotion and irritation are inextrica-
bly linked. According to this view, generation of excess
keratinocytes is directly responsible for epidermal slough-
ing. At the same time, production of interleukin-1 (IL-1)
as well as other cytokines in the growth-stimulated kera-
tinocytes is responsible for proinflammatory effects on the
vasculature (Wood et al. 1996). Studies with 14-all-trans-
retinol (14-all-trans-ROL), the precursor of 14-all-trans-
RA, suggest that growth-promoting activity and irritation
may not be inseparable. While 14-all-trans-ROL is approx-
imately fourfold less effective than RA (on a molar basis)
in inducing proliferation in the epidermis and type I procol-
lagen in the dermis following topical application, 14-all-
trans-ROL tends to be less irritating than RA at effica-
cious doses (Kang et al. 1995).
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In the present report, we describe studies with a syn-
thetic retinoid in which the carboxylic acid of 9-cis-RA
has been replaced with an ester linkage (Purcell 1998). The
synthetic agent, referred to as MDI-301, stimulated human
epidermal keratinocyte proliferation in monolayer culture
as effectively as 9-cis-RA or 14-all-trans-RA. MDI-301
also induced epidermal and dermal thickening following
systemic or topical application, but was non-irritating when
applied topically to the skin of hairless (rhino) mice.

Materials and methods

MDI-301, 9-cis-RA and 14-all-trans-RA

MDI-301 was synthesized from 9-cis-RA as described previously
(Purcell 1998). Briefly, to a solution of 9-cis-RA (450 mg, 1.50 mM)
in 17 ml dimethyl formamide were added at 0°C sequentially ce-
sium carbonate (0.97 g, 3.0 mmol) and 1-chloropinacolone (0.25 ml,
1.9 mmol). The reaction mixture was stirred at room temperature
for 2 h, and quenched with the addition of 20 ml water. The prod-
uct was then extracted with methylene chloride (four times). The
combined organic extract was dried over MgSO4 and concentrated
under reduced pressure. Purification by silica gel column chromatog-
raphy using 5:1 hexane/ethylacetate produced 480 mg of the final
product, which contained a small amount of 1-chloropinacoline.
Repeated recrystallization with ethanol at low temperature gave
320 mg of pure pinacolyl 9-cis-retinoate [(2E,4E,6Z,8E)-3,3-di-
methyl-2-oxo-1-butyl 3,7-dimethyl-9-(2,6,6-trimethylcyclohexen-
1-yl)nonatetraenoate, MDI 301; mp 81°C]. The same chemical lot
of 9-cis-RA that was used in the synthesis of MDI-301 for the pre-
sent set of studies served as control. 14-All-trans-RA was pur-
chased from Sigma Chemical Company (St. Louis, Mo.). Figure 1
shows the chemical structure of MDI-301 in relation to that of 
9-cis-RA and 14-all-trans-RA.

During development of MDI-301, the in vivo metabolic profile
was assessed. By 2 h after the last of four daily injections, the vast
majority of the recovered material (>95%) was still found in the
plasma as the parent compound. Small amounts of 9-cis-RA and 
4-oxo-9-cis-RA were also found. The same was true 24 h after the
last injection, although the total amount of retinoid in the plasma
had decreased by over 90% (Durand et al. 1996).

For the present studies, all three agents were prepared at 20 mg/ml
in dimethyl sulfoxide and stored at –20°C protected from light. For
in vitro studies and for intraperitoneal injection, the agents were
diluted in phosphate-buffered saline. For topical treatment, the
agents were diluted in either 70% ethanol/30% propylene glycol
(v/v) containing 0.5 mg/ml butylated hydroxytoluene to inhibit
oxidation or in 100% acetone.

Topical treatment studies

Rhino mice (Rhino-M, Taconic Farms, Germantown, N.Y.) were
used to investigate skin irritation and epidermal and dermal thick-
ening induced by MDI-301 in comparison with that induced by the
other retinoids. For these studies, mice (five per group) were treated
daily for 3 weeks with the test reagents. Treatment was accom-
plished by applying 100 µl of the retinoid solutions topically to the
right side of the back. Animals were examined grossly for irrita-
tion (erythema and scaling) twice weekly throughout the treatment
period. Animals were killed 1 day after the final treatment. After
visual examination of the skin, samples of skin were fixed in 10%
buffered formalin. Histological changes in the epidermis (epider-
mal thickness) and dermis (thickness of the organized collagen band
in the subepidermal zone) were quantified. Histological sections
were also evaluated for the presence of perivascular leukocytes.

Intraperitoneal treatment studies

Hairless, athymic (nu/nu) mice (Charles River, Wilmington, De.)
were used for systemic treatment studies. Mice (seven per group)
were treated daily for 4 weeks with the test reagents by the intraperi-
toneal route. Animals were killed 1 day after the final treatment.
Tissue from liver, spleen and skin was removed, fixed in 10%
buffered formalin and examined histologically after staining with
hematoxylin and eosin. Histological changes in the epidermis (epi-
dermal thickness) and dermis (thickness of the organized collagen
band in the subepidermal zone) were quantified. All procedures in-
volving animals were approved by the University of Michigan
Committee on Use and Care of Animals.

In vitro studies

The effects of MDI-301, 9-cis-RA and 14-all-trans-RA on human
epidermal keratinocyte and human dermal fibroblast proliferation
were examined in monolayer culture. Fibroblasts were isolated from
neonatal foreskin tissue obtained at circumcision as described pre-
viously (Varani et al. 1994). The cells were grown in Dulbecco’s
Minimal Essential Medium supplemented with non-essential amino
acids and 10% fetal bovine serum (DMEM-FBS) (MA Bioprod-
ucts, Walkersville, Md.). Cells were grown at 37°C in an atmosphere
of 5% CO2 and 95% air, and subcultured by exposure to trypsin
and EDTA as required. For experiments, cells at passage two to
four were plated in wells of a 24-well dish at 5×104 cells per well.
DMEM-FBS was used as plating medium. Once cells had attached
and spread, the wells were washed two times in Keratinocyte Basal
Medium (KBM) (MA Bioproducts) and incubated in this medium.
KBM is a low-Ca2+ (0.15 mM) variant of MCDB-154 medium.
Retinoids were added to the culture medium at the start of the incu-
bation period, and the cells were then incubated for 2 days. At the
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Fig. 1 Structure of 14-all-
trans-RA, 9-cis-RA and 
MDI-301



end of the incubation period, the cells were harvested and counted
with the aid of an electronic particle counter.

Epidermal keratinocytes were isolated from neonatal foreskin
tissue obtained at circumcision as described previously (Varani et
al. 1994). KGM (MA Bioproducts) was used as culture medium.
KGM contains the same basal medium as KBM but is supple-
mented with a number of growth-promoting agents including epi-
dermal growth factor, insulin and pituitary extract. Keratinocytes
were grown at 37°C in an atmosphere of 5% CO2 and 95% air, and
subcultured by exposure to trypsin and EDTA as required. Prolif-
eration studies with these cells were conducted exactly as described
for fibroblasts except that cells were initially plated at 4×104 cells
per well and harvested and counted after 3 days of incubation.

The HaCaT line of immortalized human epidermal keratino-
cytes (Boukamp et al. 1988) was also used to compare the effects
of the three retinoids on keratinocyte proliferation. HaCaT cells
were handled exactly as described for epidermal keratinocytes.

Results

Effects of MDI-301,14-all-trans-RA and 9-cis-RA 
on the skin of rhino mice following topical application

In a first series of experiments, mice were evaluated for
epidermal and dermal thickening and for irritation after
topical treatment with MDI-301, 9-cis-RA or 14-all-trans-
RA in the ethanol/propylene glycol vehicle. Consistent with
previous findings (Ashton et al. 1984; Chen et al. 1995),
14-all-trans-RA proved to be highly irritating. After 3 weeks
of treatment, the skin of RA-treated animals was red and
dry to the point where small cracks in the skin could be
observed. Flaking of excess epidermis was readily apparent
in these mice. Mice treated with 9-cis-RA demonstrated
similar features of skin irritation. In contrast, there was no
evidence of skin irritation in mice treated with MDI-301.
As expected, none of the features of irritation were noted
in untreated animals or those treated with vehicle alone.
These observations are summarized in Table 1. Figure 2
demonstrates the appearance of skin from a mouse treated
with MDI-301 (Fig. 2A) and from a mouse treated with
14-all-trans-RA (Fig. 2B). The differences in irritation were
even more dramatic when the retinoids were prepared in
acetone. The use of acetone allows much greater skin
penetration of many reagents, including retinoids (Ashton
et al. 1984). Consequently, biological responses tend to be
enhanced. Mice treated topically with 14-all-trans-RA in
this vehicle developed intense irritation, which was severe
by the end of the first week of treatment. By day 10, treat-
ment had to be suspended, and over the remaining days of
the experiment, the intense irritation slowly subsided. In
contrast, even when applied in acetone, MDI-301 was non-
irritating (data not shown).

A perivascular influx of inflammatory cells was ob-
served in animals treated with 14-all-trans-RA or 9-cis-RA
(observed microscopically) (Table 1). Inflammatory cell
infiltration was much reduced in animals treated with
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Table 1 Irritation in rhino mouse skin following topical applica-
tion of MDI-301, 14-all-trans-RA or 9-cis-RA. Erythema and skin
flaking were assessed visually in each animal (n=3 for vehicle and
14-all-trans-RA and n=5 for other groups) and scored on a scale of
0–4+, with 4+ being maximal redness (flaking) and 0 being indis-
tinguishable from the no-treatment group. Perivascular inflamma-
tion was assessed histologically, with 4+ indicating widespread
foci of perivascular mononuclear cells (along with some polymor-
phonuclear leukocytes) throughout the dermis and 0 indicating no
detectable foci of inflammatory cells. Values are means±SD (where
no standard deviation is indicated, all animals received the same
score)

Treatment Erythema Flaking Perivascular 
inflammation

None 0 0 0
Vehicle 0 0 0
14-all-trans-RA (0.1%) 3.7±0.5 4.0 3.8±0.3
9-cis-RA (0.03%) 2.2±0.3 0 0.3±0.1
9-cis-RA (0.1%) 3.4±0.3 0 4.0
9-cis-RA (0.3%) 4.0 3.6±0.2 4.0
MDI-301 (0.03%) 0 0 0
MDI-301 (0.1%) 0.2±0.5 0 0.3±0.6
MDI-301 (0.3%) 0 0 0.2±03

Fig. 2A, B Appearance of
rhino mouse skin (A) after
treatment for 3 weeks with
0.3% MDI-301 and (B) after
treatment for 3 weeks with
0.1% 14-all-trans-RA. Both
agents were prepared in the
ethanol/propylene glycol
vehicle



MDI-301. Figure 3 demonstrates the histological appear-
ance of the typical perivascular inflammatory influx in an
14-all-trans-RA-treated animal and the lack of inflamma-
tory cells in an animal treated with MDI-301. Most of the
leukocytic infiltrate in the retinoid-treated animals consisted
of mononuclear cells, although at the highest concentrations
of 14-all-trans-RA and 9-cis-RA, dermal microabscesses
with polymorphonuclear leukocytes were occasionally ob-
served (not shown). Comparing erythema and flaking with
inflammatory influx, it was apparent that the degree of in-
flammatory influx correlated closely with the level of ery-
thema observed grossly. On the other hand, significant
flaking was only observed at the highest concentration of
both 9-cis-RA and 14-all-trans-RA (concentrations higher
than needed to produce a perivascular leukocyte influx or
erythema).

Figure 4 demonstrates histological features of epider-
mis and dermis from control and retinoid-treated mice and
Table 2 presents quantitative data on epidermal thickness

and thickness of the organized band of collagen immedi-
ately below the epidermis from the same animals. In un-
treated and vehicle-treated animals, the epidermis was thin
(one or two layers of viable keratinocytes) and the dermis
consisted of a thin, disorganized “wispy” collagenous ma-
trix. In contrast, mice treated with any of the three reti-
noids in either vehicle had a much thicker epidermis and a
thick, organized layer of dermal collagen immediately be-
low the epidermis. Utriculus formation, extensive in un-
treated and vehicle-treated animals, was much reduced in
the retinoid-treated rhino mice. The responses to high con-
centrations of all three retinoids were similar (Table 2). In
addition, it can be seen from Table 2 that MDI-301 and 
9-cis-RA were dose-responsive over the same range of con-
centrations. However, with neither retinoid did we reach a
concentration at which no response was observed.
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Fig. 3A, B Perivascular inflammation in retinoid-treated rhino mice.
A Appearance of a dermal capillary in a rhino mouse after topical
treatment for 3 weeks with 0.3% MDI-301. B Appearance of a der-
mal capillary in a rhino mouse after topical treatment for 3 weeks
with 0.1% 14-all-trans-RA. There is no leukocytic infiltrate around
the vessel in the MDI-301-treated animal, but an influx of inflam-
matory cells is evident in the vessel of the 14-all-trans-RA-treated
mouse

Fig. 4A, B Histological appearance of skin from a control rhino
mouse (A), and a rhino mouse after topical treatment for 3 weeks
with 0.1% MDI-301 (B). A The skin of the control animal is thin.
The epidermis consists of one or two layers of viable cells and the
dermis has no organized subepidermal band of connective tissue.
Utriculus formation is prominent. B Skin from the retinoid-treated
animal demonstrates a thickened epidermis with additional layers
of keratinocytes. A prominent band of connective tissue is appar-
ent beneath the epidermis. There is a significant reduction in
utriculus formation. The histological appearance of the skin sam-
ples shown here are representative of their respective groups



Effects of MDI-301 and 14-all-trans-RA 
on mouse skin following systemic treatment

Mice were treated for 4 weeks with either 14-all-trans-RA
or MDI-301 given by the intraperitoneal route. This treat-
ment led to histological changes in the skin that resembled
those observed following topical application. In control

mice, the epidermis was thin (two or three layers of viable
keratinocytes) and there was no organized band of connec-
tive tissue below the epidermis in these animals. In con-
trast, retinoid-treated mice had a much thicker epidermis
and a thick, organized layer of dermal collagen immedi-
ately below the epidermis. Histological features of skin
from control and retinoid-treated mice are shown in Fig. 5
and the results of morphometric analysis are presented in
Table 3. In spite of these profound changes in both the epi-
dermis and dermis, there was no evidence of skin irrita-
tion (erythema and flaking) with either MDI-301 or 14-all-
trans-RA. Careful histological examination revealed little
influx of inflammatory cells into the skin.

In addition to the skin, we also examined spleen and
liver tissue from control and retinoid-treated mice. There
was nothing remarkable detected in the liver tissue from
retinoid-treated animals either grossly or at the light micro-
scopic level, but gross examination revealed that the
spleens from all of the treated mice were enlarged relative
to spleens from control mice (approximately 140 mg in con-
trol mice versus 180–220 mg per spleen in mice treated
with 14-all-trans-RA or MDI-301). Histological evaluation
demonstrated enlargement of the periartereolar sheaths with
an increased number of lymphoid cells in the retinoid-
treated tissue. There were no apparent differences among
the retinoid-treated animals (not shown). Splenomegaly is
commonly observed in animals exposed to high doses of
retinoids (Look et al. 1995; Standeven et al. 1996) and is
reflective of a systemic inflammatory response.
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Table 2 Thickening of the skin of rhino mice following topical
application of MDI-301, 14-all-trans-RA or 9-cis-RA. Epidermal
thickness was taken as the distance (in microns) from the base of
the epidermis to the upper layer of viable cells, and dermal thick-
ness as the distance (in microns) from the base of the epidermis to
the lower edge of the dense, organized connective tissue band im-
mediately below the epidermis. Values are means±SD from five
(epidermis) or two (dermis) random measurements per tissue sec-
tion in three animals from each group. Statistical significance was
determined by ANOVA, followed by paired group comparisons.
All of the retinoid values are significantly different from the no-
treatment value at the P<0.01 level

Treatment Epidermis Dermis

None 9± 4 8± 4
Vehicle 8± 3 7+ 2
14-all-trans-RA (0.1%) 46±14 75±12
9-cis-RA (0.03%) 30±11 40±11
9-cis-RA (0.1%) 38± 9 60±15
9-cis-RA (0.3%) 46± 8 77±12
MDI-301 (0.03%) 35±13 55±12
MDI-301 (0.1%) 39±16 67±13
MDI-301 (0.3%) 47±31 67± 9

Fig. 5A–C Histological appearance of skin from a control mouse
(A), and a mouse following treatment for 4 weeks with 14-all-
trans-RA at 10 mg/kg (B) or with MDI-301 at 50 mg/kg (C). A Skin
of the control animal is thin. The epidermis consists of one or two
layers of viable cells and the dermis has no organized subepider-
mal band of connective tissue. B, C Skin from the retinoid-treated
animals shows a thickened epidermis with additional layers of
keratinocytes. A prominent band of connective tissue is apparent
beneath the epidermis. The histological appearances of the skin
samples shown here are representative of their respective groups



Effects of MDI-301, 14-all-trans-RA and 9-cis-RA 
on human epidermal keratinocytes and dermal fibroblasts
in vitro

Figure 6 demonstrates the effects of the three retinoids on
human keratinocyte and fibroblast proliferation. Consis-
tent with the findings of previous studies (Varani et al.
1994), 14-all-trans-RA induced proliferation of both cell
types. Keratinocyte proliferation was maximal at 0.05 µg/
ml (approximately 0.15 µM) and the net increase was
3.13-fold as compared to a net increase of 0.25-fold under
control conditions. The other two agents produced a similar

net increase (2.75-fold with 9-cis-RA and 3.15-fold with
MDI-301) at the same concentration. The results described
were obtained using the HaCaT keratinocyte cell line, but
virtually identical results were obtained with primary cul-
tures of neonatal foreskin keratinocytes (not shown).

Fibroblast proliferation was induced by 14-all-trans-
RA and 9-cis-RA over a similar concentration range
(1.75-fold and 1.63-fold increases with 14-all-trans-RA
and 9-cis-RA, respectively, at 1.0 µg/ml as compared to a
0.5-fold decrease under control conditions). MDI-301 stim-
ulated fibroblast growth by 1.40-fold, an increase similar
to that seen with the other agents. However, as compared to
the other retinoids, an approximately 5-fold higher concen-
tration was required to achieve the same response (Fig. 6).

Discussion

Topical retinoid treatment of the skin stimulates events in
both the epidermis and dermis that lead to the repair of
skin damaged through the natural aging process (Kligman
et al. 1993; Varani et al. 2000) or from chronic sun expo-
sure (photodamage) (Weiss et al. 1988). The same retinoid
treatment protocols that repair skin damage, however, also
cause irritation, manifested primarily be erythema and
scaling (Kang et al. 1995). The relationship between events
that lead to skin repair and irritation is not fully under-
stood. The results presented in this report help to address
this issue.

In the past it was thought that the major manifestations
of skin irritation – i.e., epidermal scaling and erythema –
were the direct and indirect consequences of retinoid-in-
duced epidermal hyperplasia. According to this under-
standing, epidermal flaking is simply the “shedding” of
excess epidermis. Erythema, on the other hand, reflects
the production of epidermal cytokines such as IL-1, either
as a result of retinoid-stimulated keratinocyte proliferation
directly or as a consequence of the disrupted epidermal
barrier accompanying retinoid stimulation (Wood et al.
1996). IL-1 induces a number of events in vascular endo-
thelial cells that result, ultimately, in increased vascular
permeability and leukocyte influx (Kupper 1990; Luger
and Schwartz 1990). If this view is correct, it should be
possible to inhibit erythema and perivascular leukocyte
infiltration into retinoid-treated skin by suppressing the
epidermal retinoid response. Since recent studies have
demonstrated that epidermal retinoid responses can be sep-
arated, at least in part, from dermal responses (Xiao et al.
1999; Varani et al. 2001), to the extent that irritation is a
manifestation of excessive keratinocyte proliferation, it
should be possible to prevent irritation without compro-
mising events in the dermis (induction of procollagen pro-
duction and inhibition of MMP function) that are neces-
sary for skin repair.

The present studies present new insight into retinoid ir-
ritancy. These studies suggest that epidermal hyperplasia
itself can be separated from events that underlie retinoid
irritation. Induction of hyperplasia in the skin of hairless
mice by MDI-301 was not associated with either scaling
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Table 3 Thickening of the skin of hairless mice following in-
traperitoneal injection of MDI-301 or 14-all trans RA. Epidermal
thickness was taken as the distance (in microns) from the base of
the epidermis to the upper layer of viable cells, and dermal thick-
ness as the distance (in microns) from the base of the epidermis to
the lower edge of the dense, organized connective tissue band im-
mediately below the epidermis. Values are means±SD from ten
(epidermis) or five (dermis) random measurements per tissue section
in two animals from each group. Statistical significance was deter-
mined by ANOVA, followed by paired group comparisons. All of
the retinoid values are significantly different from the no-treatment
value at the P<0.01 level

Treatment Epidermis Dermis

None 10± 4 13±11
14-all trans RA (10 mg/kg) 35±16 62±18
MDI-301 (10 mg/kg) 30±18 90±11
MDI-301 (50 mg/kg) 31±17 73±15

Fig. 6 Effects of MDI-301, 14-all-trans-RA and 9-cis-RA on human
epidermal keratinocytes and human dermal fibroblasts in monolayer
culture. Cell numbers were determined as described in Materials
and methods. Values shown are the average number of cells ±SD
present on day 3 for keratinocytes and day 2 for fibroblasts. Statis-
tical significance was determined by ANOVA, followed by paired
group comparisons. Compared with cultures with no retinoid, ke-
ratinocyte numbers were significantly increased by all three reti-
noids at 0.01–0.5 µg/ml (P<0.05), and fibroblast numbers were
significantly increased by 14-all-trans-RA and 9-cis-RA at 0.5 and
1.0 µg/ml (P<0.05) and by MDI-301 at 5 µg/ml (P<0.05)



or erythema. In parallel, topical treatment of mice with
this agent resulted in almost no inflammatory infiltrate in
the dermis. In contrast, both 14-all-trans-RA and 9-cis-RA
elicited erythema and flaking of mouse skin and this was
associated with perivascular infiltration of mononuclear
cells into the treated skin. While a relationship between
leukocyte infiltration into the skin and erythema is not dif-
ficult to understand (both depend on vascular changes),
the relationship between inflammatory influx and epider-
mal scaling is less intuitive. It may be that inflammatory
cell products promote in some way the separation of large,
visible pieces of the keratinized epidermal layer from the
underlying viable cells. Epidermal hyperplasia may be nec-
essary but not sufficient for excessive flaking. The fact
that epidermal scaling was significant only at the highest
retinoid concentrations while both hyperplasia and ery-
thema were seen at lower doses suggests that epidermal
flaking is a complex response and, perhaps, depends on
additional factors.

An alternative hypothesis is that retinoid-induced skin
irritation reflects a direct response of cells in the dermis to
topical treatment. If this were the case, then one might en-
vision MDI-301 (with its reduced activity for fibroblasts
in vitro relative to 14-all-trans RA and 9-cis-RA) being in-
herently less irritating than the naturally occurring ana-
logues. However, this is not likely to be the entire expla-
nation since there was at least a tenfold difference be-
tween MDI-301 and the other retinoids in regard to irrita-
tion, but a fivefold difference in stimulation of fibroblast
growth.

What accounts for the differential sensitivity of dermal
fibroblasts to MDI-301 on the one hand, and to 14-all-
trans-RA and 9-cis-RA on the other, and the lack of a dif-
ferential keratinocyte response to the same agents? The
results of past in vitro studies along with the data in Fig. 6
provide insight. Keratinocyte proliferation was maximal
with all three agents at a concentration of 0.05 µg/ml (ap-
proximately 150 nM). At this concentration, retinoid re-
ceptors are activated (Duell et al. 1992), but biophysical
effects on the membrane are insignificant. At 1–5 µg/ml
(micromolar range), retinoids have a mild, detergent-like
effect on cellular membranes (Meeks et al. 1981). Past
studies have demonstrated that mild detergents can stimu-
late fibroblast proliferation at concentrations below levels
at which they are toxic (Varani et al. 1991). It may be that
the keratinocyte response reflects receptor occupancy only,
while the fibroblast response involves both receptor acti-
vation and membrane-active effects.

In summary, it has in the past been thought that reti-
noid efficacy and retinoid-induced skin irritation are inex-
tricably linked. The present studies do not support this
view. It is clear from our data that the propensity to induce
skin irritation (a major undesired consequence of topical
retinoid use) can be distinguished from induction of epi-
dermal/dermal thickening. A drug such as MDI-301, with
capacity to induce skin thickening but little capacity for ir-
ritation, should find wide acceptance in the dermatologi-
cal marketplace, where irritation is the major cause of non-
compliance among users.
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