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The role played by cytosolic retinoic acid - binding proteins
(CRABP) in the control of differentiation and morphogene-
sis by retinoids remains unclear, which contrasts with the
presence of these binding proteins in tissues known to be
targets for retinoic acid effects. Human epidermis represents
a good system to address this question because 1) the effect of
retinoids on keratinocyte differentiation is well documented;
2) epidermis contains CRABP, and the amount of these pro-
teins is modulated both by keratinization and retinoids; 3) the
architecture of epidermis obtained in vitro by growing adult
human keratinocytes on a dermal substrate can be modulated
by retinoids added to the culture medium in a dose-depen-
dent manner; and 4) most markers of epidermal differentia-
tion are also modulated by retinoids in a dose-dependent
manner.

In this study, we compared, in dose-response experiments,
the biologic activities of retinoic acid and CID271, a substance
unable to bind to CRABP, but able to bind to nuclear retinoic
acid receptors (RAR). Our results show that retinoic acid an_d
CD271 exert similar controls on epidermal morphogenesis
and keratinocyte differentiation, as shown by the inhibition
of the synthesis of suprabasal keratins, filaggrin, and trans-
glutaminase. Therefore, we exclude a qualitative role for
CRABP in the control exerted by retinoids on the differen-
tiation and morphogenesis of cultured human keratinocytes.
Instead of being involved in the pathway via which retinoids
control epidermal gene expression, CRABP might regulate
the amount of intracellular-active retinoic acid and thus con-

trol quantitatively the intensity of biologic effects. J Invest
Dermatol 98:128-134, 1992

etinoic acid (RA) is a morphogenetic hormone pro-
duced in vertebrates after metabolization of dietary
vitamin A and carotenoids [1,2]. This mediator plays a
major role in the differentiation and morphogenesis of
many tissues [3-6]. For instance, RA has been shown
to exert a stringent control on the differentiation of epithelia, both
in the embryo and in the adult [7-9]. Moreover, it would appear
that, in vivo, a critical concentration of retinoids is required for
appropriate differentiation of epidermis as suggested by the exis-
tence of cutaneous symptoms in hyper- and hypovitaminosis A syn-
dromes {7,8,10]. In vitro, RA inhibits the synthesis of most epider-
mal differentiation markers in a dose-dependent manner [11-16].
Moreover, in a tissue culture system that reconstructs epidermis, a
normally differentiated (i.e., orthokeratotic) epithelium is obtained
at low RA concentrations, whereas higher concentrations lead pro-
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RA: retinoic acid
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gressively to the disappearance of stratum granulosum and stratum
corneum (parakeratosis) [14].

_The biologic effects of RA on gene expression are mediated by
binding to nuclear receptors [17] belonging to the steroid-thyroid
hormone receptor family [18,19]. After binding the ligand, the
receptors are able to modulate the transcription of specific genes by
interacting with responsive elements located in the promoter re-
gions of these genes [20,21]. Up to now, three different RA recep-
tors (RARa, f, y) showing high sequence similarities have been
identified in the human and in the mouse [22]. In the skin of both
species, although RARa and RARS can be detected, RARy recep-
tors are predominant [22,23]. Moreover, the distribution of RARy
transcripts in mouse embryos as detected by in situ hybridization
seems to be uniform in dermis and epidermis [24,25].

Cytosolic RA-binding proteins (CRABP) have been known fora
much longer time than RAR, although their role is still unclear
[2.6,27]. Two distinct proteins, CRABP I and CRABP II, showing2
high sequence homology, have been described so far [28-31]. Ina
recent report [17], we have shown that in cultured F9 embryonal
carcinoma cells there is no correlation between the biologic activity
of a series of natural and synthetic retinoids and their binding to
CRABP, although a strong correlation between biologic activity
and binding to nuclear receptors was shown. Moreover, retinoids
with no affinity for CRABP were synthesized and shown to be
biologically active and able to bind to RA nuclear receptors [17,32].
Along the same line, it must be noted that certain cell lines devoid of
CRABP are able to respond to RA (33]. This seems to exclude arole
for CRABP in mediating RA effects at the level of individual cells,
but does not eliminate the possibility that CRABP are involved in
pattern formation by creating or intensifying RA gradients within
developing tissues (24,34 - 36].

CRABP are present in human epidermis [37] and they are de-
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Figure 1. Morphology of the epithelium formed by human keratinocytes grown for 2 weeks on a dermal equivalent that was emerged the second week in the
presence of added RA (4,B,C,D,E,F) or CD271 (G,H,I,J,K,L). Concentrations of either RA or CD271 were as follows: 0 (4,G); 1071°M (B,H); 10~° M
(CI); 108 M (D,]); 10~ M (E,K); 10~¢ M (F,L). Granular and horny layers were focused. (Bar, 30 um.)

tected at low levels in undifferentiated cultured keratinocytes,
whereas high levels are found in differentiating kcratinocytcsc{38].
Moreover, CRABP levels are increased by treatment with retinoids
[28,39]. Thus, it is tempting to hypothesize that CRABP participate
in the modulation of the epidermal phenotype exerted by retinoids.
However, in the present work, using a culture system enabling the
reconstruction ofp epidermis, we have not detected differences be-
tween the biologic activities of RA and CD271, a retinoid unable to
bind to CRABP.

MATERIALS AND METHODS

Retinoids All-trans RA came from Interchim (France); CD271
was synthesized according to the procedure described in Shroot et
al, 1986 [40]. Contrary to RA, this substance was shown not to bind
to the CRABP contained in rat testis protein extracts [41]. Radio-la-
beled RA (55 Ci/mmol) was purchased from NEN (Dupont de
Nemours, Paris, France); CD271 was tritiated (23 Ci/mmol) as
described elsewhere [17].

Other Chemicals Dimethyl sulfoxide (DMSO) was purchased
from Merck (Germany); epidermal growth factor (EGF) from Col-
laborative Research (USA); and the other tissue culture supplements
from Sigma (USA). '

Tissue Culture

Reconstructed Epidermis:  Our method for seeding and culturing ker-
atinocytes on fibroblast-collagen lattices was previously described in
detail [42]. Briefly, adult interfollicular epidermal cells isolated
from human breast skin and amplified in primary culture, are seeded
on the lattices. The cultures are first kept submerged for 1 week,
then raised at the liquid-air interface during another week. This
two-step procedure results in the formation of a stratified and kera-
tinized epithelium. The tissue culture medium used for recon-
structed epidermis was minimum essential medium (MEM) supple-
mented with 10% fetal calf serum, EGF (10 ng/ml), hydrocortisone
(0.4 ug/ml), and cholera toxin (10~° M). All-trans RA or CD271,
dissolved in DMSO in 1000 times stock solution, were added to the
culture medium under yellow light. Control cultures received the
same amount of DMSO. Cultures supplemented with retinoids
were kept in the dark and the medium was changed three times
weekly.

Keratinocyte Cultures in Serum-Free Medium: ~Keratinocytes grown
on plastic were cultured in MCDB153 (KBM, Clonetics Corp, San
Diego, CA) as described previously [43].

Histology Histology was performed by staining vertical paraffin
sections with hemalum-phloxine-saffron.
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Figure 2. Immunolabeling of ﬁlfiggrin (A,B,C,D; 1J,K,L) and K1/K10 keratins (E,F,G,H,M,N,O,P) in the epithelium formed by human keratinocytes
grown for 2 weeks on dermal equivalent that was emerged the second week in the presence of added RA (A,B,C,D,E,F,G,H) or CD271 (I,],K,L,M,N,O.P)-
Concentrations of either RA or CD271 were as follows: 0 (A,ELM); 10°M (B,FJ,N); 107 M (C,G,K,0); 10" M (D,H,L,P). Open arrows point at the edge

of the upper layers and solid arrows indicate the junction be

Antisera and Inmunofluorescence Staining  Monoclonal an-
tibody (MoAb) KG8.60 [44] directed against the differentiation-
specific K10 keratin was from Bioyeda, Israel. MoAb against human
ﬁfiaggrin [45] was from BTI (Stoughton, MA). The s ecificity of
these antibodies was checked by immunoblotting pcrfgrmed with
protein extracts of both human epidermis and cultured human kera-
tinocytes. These experiments revealed that in addition to K10 kera-
tin, KG8.60 MoAb recognizes K1 keratin, the basic suprabasal
keratin partner of K10 keratin (D. Asselineau, unpublished observa-
tions). Antifilaggrin MoAb reacted against profilaggrin and filag-
grin [45].

Indirect immunofluorescence studies on 5-um frozen tissue sec-

tween the cultured epithelium and the dermal equivalent. (Bar, 30 um.)

tions were performed as previously published [46] except that bo-
vine serum albumin was replaced by low-fat dried milk (Régilait,
France).

ELISA for Epidermal Transglutaminase The enzyme-linked
immunosorbent assay (ELISA) to determine epidermal transgluta-
minase was performed on keratinocytes cultured in defined medium
as described [43].

Binding to the CRABP of Human Skin Cells Cultured cells
(human fibroblasts and keratinocytes) and reconstructed tissues (epi-
dermis) were homogenized in tris 50 mM pH 7.8 by the nitrogen
decompression method (Cell Disruption Bomb, Parr, USA). After
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Figure 3. Dose-response curves showing the inhibition by RA and CD271
of the production of membrane-bound transglutaminase (Tgm) in cultured
human keratinocytes using an ELISA assay (see Materials and Methods). Note
that the inhibitory concentrations (IC50) leading to a 50% inhibition of
Tgm are 29 nM and 0.8 nM for RA and CD271, respectively (for the
calculations of IC50, the residual activity at 1076 M was subtracted).

disruption, cells and tissue extracts were centrifuged at 100,000 X g
for 20 min. The protein contents of the supernatant were deter-
mined by the Biorad assay. Using the supernatant (50 ug protein),
binding to cytosolic retinoic acid -binding proteins was performed
and analyzed, using gel filtration as described [41]. Because this
technique does not discriminate between CRABP Iand CRABP II,
we used the term CRABP to define a pool of cytosolic retinoic
acid -binding proteins of approximately 15 kD molecular weight
able to bind RA and some synthetic retinoids with high affinity [41].

Binding to Human q, f, and y RAR Binding assays were per-
formed on nuclear extracts of Cos7 cells transfected with vectors
expressing RAR« [47], RARS [48], or RARY (purchased from La
Jolla Cancer Research Foundation) as described [49].

Production and Extraction of CD271 Radio-Labeled
Metabolites in Culture

[’H] CD271 Uptake in Culture: Radio-labeled CD271 was added
to the culture medium to reach a concentration of 10~7 M of total
Jabeled and cold CD271. It was added at the time the cultures were
raised at the liquid-air interface and re-added at each medium
change. Thus, the cultures were incubated with the radio-labeled
retinoid during the whole time necessary to reconstruct epidermis
in vitro. All tissue culture media fractions were pooled and stored at
—70°C together with the reconstructed tissues obtained at the end
of the culture.

Extraction of the Pool CD271-CD271 Metabolites: The recon-
structed epidermis and the dermal substrates (fibroblast-contracted
collagen lattices) were homogenized and sonicated in the pool of
labeled tissue culture medium. This preparation was submitted to a
triple extraction cycle as follows: 5 volumes of ethyl acetate were
added to the homogenate; the mixture was submitted to rotary
shaking at 37°C for 1 h 30 min and centrifuged at 3,000 rpm for 10
min (Heraeus centrifuge). At the end of the extraction steps, all
supernatants were pooled and evaporated. The pellets were resus-
pended in DMSO. This procedure yielded 95% of the initial label-
ing added to the tissue culture medium. High-performance liquid
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Table I. Binding of CD271 and RA to Human Nuclear
Retinoic Acid Receptors®
RARQt RARS? RARy*
RA 13 3 3
CD271 1100 34 180

« Kd of RA and CD271 for RARa, f, and y. For details, see Materials and Methods and
[45]. The values shown correspond to representative experiments.
b Kd (nM).

chromatography (HPLC) control analysis showed that approxi-
mately 17% of the radio-labeled CD271 was converted into metabo-
lites. The pool of radio-labeled CD271 and CD271 metabolites was
then used for examining its ability to bind to CRABP as described
above.

RESULTS

CD271 Binds to Human Retinoic Acid Receptors RARa, 3,
and y, but Not to CRABP CD271, a retinoic acid analogue able
to induce differentiation of F9 embryonal carcinoma cells, was
previously found to be able to bind to F9 nuclear retinoic acid
receptors, but not to rat testis CRABP [17,41]. Before comparing
the biologic activities of CD271 and RA on epidermal differentia-
tion, we checked that CD271 was able to bind to human nuclear
retinoic acid receptors RARq, f, and y (Table I), but not to CRABP
isolated from human keratinocytes or fibroblasts grown in tissue
culture. The data summarized in Table I show that CD271 binds to
«, B, and RARY, although with an affinity 10-80 times lower than
that of RA. In contrast, it was not possible to detect any specific
binding of CD271 on cytosolic extracts of keratinocytes or fibro-
blasts, although these cells contained CRABP as shown by the spe-
cific binding of RA ona 15 kD cytosolic fraction (Table IT). The kD
of RA for these human CRABP were approximately 2 nM, a value
similar to that reported for rat CRABP [41].

RA and CD271 Exert Similar Morphogenetic Effects on
Human Epidermis Cultured In Vitro Normal human kerati-
nocytes were grown on fibroblast-collagen substrates at the air-li-
quid interface, conditions known to lead to the formation of a mul-
tilayered epidermis whose phenotype is dependent on the retinoid
concentration present in the medium [14]. In this work, the effects
of serial concentrations of RA and CD271 on the architecture of the
cultured epidermis were compared. Results reported in Fig 1 show
that the response of the cultured epidermis to increasing retinoid
concentrations was qualitatively and quantitatively similar for RA

Table I Specific Binding of RA to the CRABP*

Specific Binding to CD271

CRABP Prepared From RA CD271  Metabolic Pool
GM10 human fibro- 5 pmol/mg nd
blasts cultured on protein
plastic
Normal human kerati- 1.2 pmol/mg nd ad
nocytes cultured on protein
plastic
GM10 human fibro- 2.7 pmol/mg nd
blasts incorporated in protein
the collagen lattice
(dermal equivalent)
Normal human kerati- 10.7 pmol/mg nd nd
nocytes in the recon- protein

structed epidermis

* CRABP contained in cytosolic extracts prepared from GM10 human fibroblasts and
normal human keratinocytes, either cultured on plastic or incorporated in the dermal
equivalent and the reconstructed epidermis, respectively. No specific binding (nd, not
detectable) was found in similar experiments performed with both CD271 and the
CD271 metabolic pool. For details, see Materials and Methods and [37]. The values
shown correspond to representative experiments.
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and CD271. In the absence of any added retinoid, the epithelium
grown in non-delipidized serum was apparently normal, as
previously described [14,46]. Upon additions of up to 107 M RA or
CD271 to the medium, the epidermis remained orthokeratotic (see
Fig 14,B,C, and G,H, [, respectively), but no stratum corneum (par-
akeratosis) could be observed at RA and CD271 concentrations of
1078 M and above (see Fig 1D,E,F and J,K,L, respectively).

Similar Effects of RA and CD271 on K1/K10 Keratin and
Filaggrin Distribution Within Cultured Epidermis In vivo,
K1-K10 keratins appear during the first stages of epidermal differ-
entiation (spinous layers) [50], whereas filaggrin is produced during
the last steps of the keratinization process [51]. We have previously
shown that in the reconstructed epidermis, at physiologic retinoid
concentrations, K1/K10 keratins also appear early during epidermal
differentiation in the suprabasal (spinous) layers, whereas filaggrin
is seen later in granular layers [14]. These markers are down-regu-
lated by RA [13,14,51]. A representative example of the effects of
RA and CD271 on the patterns of K1/K10 keratins and filaggrin
distribution is shown in Fig 2. Upon additions of up to 107 M RA
or CD271, both K1/K10 keratins and filaggrin retained their nor-
mal location in the epithelium formed (Fig 24,B,E,F and I,],M,N,
respectively). Filaggrin was restricted to a relatively thin granular
layer, whereas K1/K10 keratins were distributed in most of the
suprabasal layers. At 107 M added RA or CD271, filaggrin was not
detectable (Fig 2C and K, respectively), whereas K1/K10 keratins
were present, but in reduced amounts, in suprabasal cells (Fig 2G
and O). At 1077 M added RA or CD271, neither filaggrin nor
K1/K10 keratins could be detected (Fig 2D,H and L,P, respec-
tively).

CD271 Metabolites Do Not Bind to CRABP A trivial expla-
nation of our results would have been that CD271 is converted by
keratinocytes into metabolites able to bind to CRABP. It was crucial
to eliminate this possibility, because CD271 is actually metabolized
by a variety of cell types, including keratinocytes (C. Filaquier,
personal communication). Labeled CD271 was incubated in culture
during the time necessary for reconstruction of epidermis (see Mate-
rials and Methods) at a concentration of 10~7 M, known to provoke
maximal biologic effects (see above). The pool of CD271 and
CD271 metabolites was extracted as described in Materials and Meth-
ods at the end of the complete time course of the culture, and assayed
for binding to CRABP isolated from keratinocytes grown either on
plastic or on lattices (reconstructed epidermis). No specific binding
could be found with CD271 and the CD271 metabolic pool (Table
IT). These experiments also showed that CD271 was actually metab-
olized (17% of the added CD271 was converted into three different
metabolites, C. Filaquier, personal communication) and that the
histology of the reconstructed epidermis was similar to that ob-
tained with 10~7 M unlabeled CD271.

CD271 and RA Are Both Able to Control the Differentiation
of Keratinocytes Grown in Serum-Free Medium  Experi-
ments in which epidermis is reconstructed in vitro are important for
the study of retinoid effects on the morphogenesis and differentia-
tion of the whole tissue. However, it might be delicate to interpret
the results obtained in this system, because cultures are performed in
the presence of 10% fetal calf serum (FCS), which already contains
natural retinoids, mainly retinol. In this context, the biologic effects
of CD271 could be interpreted as the result of an interference with
the metabolism of endogenous retinoids. For instance, it could be
argued that CD271 is able to induce the transformation of retinol
into RA or other retinoids able to bind to CRABP. The culture of
human keratinocytes in a serum-free medium containing no retinol
(MCDB153) allowed us to eliminate this possibility. Figure 3
shows the dose-dependent inhibitions by RA and CD271, added to
keratinocytes cultured in MCDB153, of the membrane-bound
transglutaminase, an enzyme induced during epidermal differentia-
tion. The IC50 of CD271 was 0.8 nM, whereas the IC50 of RA was
29 nM. Thus, in this system, CD271 was much more potent than
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RA, a finding that contrasts with its weaker affinity for RAR (see
Table I and Discussion).

DISCUSSION

The results reported above seem to exclude a qualitative role .for
CRABP in the control of keratinocyte differentiation by retinQIdS,
at least in vitro. They are in good agreement with results obtained
with embryonal carcinoma cells [17] and HL60 cells [33]. However,
in addition, the use of cultured reconstructed epidermis shows thata
requirement for CRABP cannot even be shown in a system where
morphogenesis is coupled to differentiation. Even details such asthe
higher sensitivity of filaggrin compared to K1/K10 keratins per-
sisted when CD271 was used instead of RA. Moreover, appropriat
controls showed that CD271 effects were not mediated by metabp-
lites able to bind to CRABP, or because of an interference with
getinoids contained in the serum-supplemented tissue culture me-
ium.

The role of CRABP remains open. Their functions might be to
stabilize or protect RA from degradation enzymes. In the context of
this hypothesis, the biologic activity of CRABP ligands compared
to that of retinoids unable to bind to CRABP, should theoretically
be higher than expected from their affinity for nuclear receptors.
However, this is neither the case in F9 cells [17], nor in keratino-
cytes (the present study). The affinity of CD271 for RAR was
10-80 times lower than that of RA, but its activity was cither.eq\lél1
to (K1/K10 keratins, filaggrin) or even higher (transglutammase)
than that of RA. The discrepancy between the higher athnity of RA
for the RAR and its weaker biologic activity suggests that CRABP
may act by decreasing the level of intracellular-active RA. Although
other explanations for this discrepancy can be proposed, e.g., that
CD271 might be more stable than RA, or that binding of CD271 t0
RXR [52] might be better than that of RA, the hypothesis that
CRABP act by reducing the intensity of RA effects fits well with
two lines of results: 1) in embryonal carcinoma cells engineered to
contain varying levels of CRABP I, overexpression of the binding
protein was shown to result in a reduction of RA effects on gene
expression [53]; and 2) the induction of CRABP II by retinoids
[28,39] might be understood as a feedback mechanism to attenuate
the biologic effect of increased retinoid concentrations. This might
be particularly required in epidermis and other stratified epithelia,
in which RA plays essentially a negative role on differentiation. In
this respect, it is particularly interesting to note that CRABP levels
have been reported to be increased when keratinocytes are not com-
pletely differentiated as in oral mucosa, psoriatic plaques, or in tissue
culture [34,37,54]. At any rate, our results stress the importance of
reevaluating with compounds such as CD271 the assumption that
CRABP are involved in the formation of RA gradients in the devel-
opment of the limb bud [55,56] and possibly other complex biologic
structures.
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expression vectors, and C. Miquel, P. Reiniche, and P. Rossio for expert technimI‘
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radio-labeled CD271 metabolites, and to C. Filaquier for analyzing the metabolites.

REFERENCES

1. McCormick AM, Napoli JL: Identification of 5,6-epoxyretinoic acid
as an endogenous retinol metabolite. ] Biol Chem 257:1730-1733,
1982

2. Napoli JL, Race KR: Biogenesis of retinoic acid from beta-carotene. |
Biol Chem 263:17372-17377, 1988

3. Lotan R: Effects of vitamin A and its analogs (retinoids) on normal and
neoplastic cells. Biochem Biophys Acta 605:33-91, 1980

4. Sporn BM, Roberts AB: Role of retinoids in differentiation and carci-
nogenesis. Cancer Res 43:3034 - 3040, 1983



VOL. 98, NO. 2 FEBRUARY 1992

10.

11.

12

13.

14.

16.

17

18.

19.

23.

24.

28.

29.

30.

Sherman MI: How do retinoids promote differentiation? In: Sherman
MI (ed.). Retinoids and Cell Differentiation. CRC Press, Boca
Raton, Florida, 1986, pp 161-186

Maden M: Vitamin A and pattern formation in the regenerating limb.
Nature 295:672-675, 1982

Fell HB, Mellanby E: Metaplasia produced in cultures of chick ecto-
derm by vitamin A. ] Physiol 119:470-488, 1953

Shapiro SS: Retinoids and epithelial differentiation. In: Sherman MI
(ed.). Retinoids and Cell Differentiation. CRC Press, Boca Raton,
Florida, 1986, pp 29-60

Darmon M: Retinoic acid in skin and epithelia. Semin Devel Biol
2:219-228, 1991

Frazier CN, Hu CK: Cutaneous lesions associated with a deficiency in
vitamin A in man. Arch Intern Med 48:507-514, 1931

Fuchs E, Green H: Regulation of terminal differentiation of cultured
human keratinocytes by vitamin A. Cell 25:617-625, 1981

Gilfix BM, Eckert RL: Coordinate control by vitamin A of keratin
gene expression in human keratinocytes. J Biol Chem 260:14026 -
14029, 1985

Kopan R, Traska G, Fuchs E: Retinoids as important regulators of
terminal differentiation: examining keratin expression in individual

epidermal cells at various stages of keratinization. J Cell Biol
105:427-440, 1987

Asselineau D, Bernard BA, Bailly C, Darmon M: Retinoic acid im-
proves epidermal morphogenesis. Dev Biol 133:322-335, 1989
Régnier M, Eustache J, Shroot B, Darmon M: Bioassays for retinoic

acid-like substances using cultured human keratinocytes. Skin Phar-
macol 2:1-9, 1989
Régnier M, Darmon M: Human epidermis reconstructed in vitro: a

model to study keratinocyte differentiation and its modulation by
retinoic acid. In Vitro Cell Dev Biol 25:1000-1008, 1989

Darmon M, Rocher M, Cavey MT, et al: Biological activity of reti-
noids correlates with affinity for nuclear receptors, but not for cyto-
solic binding protein. Skin Pharmacol 1:161-175, 1988

Green S, Chambon P: Nuclear receptors enhance our understanding of
transcription regulation. Trends Genet 4:309-314, 1988

Evans RM: The steroid and thyroid hormone receptor superfamily.
Science 240:889-894, 1988

Umesono K, Giguere V, Glass CK, Rosenfeld MG, Evans RM: Reti-
noic acid and thyroid hormone induce gene expression through a
common responsive element. Nature 336:262-265, 1988

De Thé H, del Mar Vivanco-Ruiz M, Tiollais P, Stunnenberg H,
Dejean A: Identification of a retinoic acid responsive element in the
retinoic acid receptor beta gene. Nature 343:177-180, 1990

Zelent A, Krust A, Petkovich M, Kastner P, Chambon P: Cloning of
murine alpha and beta retinoic acid receptors and a novel receptor
gamma predominantly expressed in skin. Nature 339:714-717,
1989

Rees JL, Redfern CPF: Expression of the avand fretinoic acid receptors
in skin. J Invest Dermatol 91:818-820, 1989

Dollé P, Ruberte E, Kastner P, et al: Differential expression of genes
encoding alpha, beta, gamma retinoic acid receptors and CRABP in
the developing limbs of the mouse. Nature 342:702-705, 1989

Ruberte E, Dolle P, Krust A, Zelent A, Morriss-Kay G, Chambon P:
Specific spatial and temporal distribution of retinoic acid receptor
gamma transcripts during mouse embryogenesis. Development
108:213-222, 1990

Ong DE, Chytil F: Cellular retinoic-acid binding protein from rat
testis. ] Biol Chem 253:4551-4554, 1978

Jetten AM, Jetten MER: Possible role of retinoic acid binding protein
in retinoic stimulation of embryonal carcinoma cell differentiation.
Nature 278:180-182, 1979

Giguere V, Lyn S, Yip P, Siu C-H, Amin S: Molecular cloning of
c¢DNA encoding a second cellular retinoic acid-binding protein.
Proc Natl Acad Sci USA 87:6233-6237, 1990

Kitamoto T, Momoi M, Momoi T: Expression of cellular retinoic acid
binding protein II (chick-CRABPII) in the chick embryo. Biochem
Biophys Res Commun 164:531-536, 1989

Bailey JS, Siu C-H: Purification and partial characterization of a novel
binding protein for retinoic acid from neonatal rat. J Biol Chem

263:9326-9332, 1988

31.

32.

33.

34.

358

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

318

52.

NON-CRABP BINDING RETINOID AND KERATINIZATION 133

Stoner CM, Gudas LJ: Mouse cellular retinoic acid binding protein:
cloning, complementary DNA sequence, and messenger RNA ex-
pression during the retinoic acid-induced differentiation of F9 wild
type and RA-3-10 mutant teratocarcinoma cells. Cancer Res
49:1497 -1504, 1989

Jetten AM, Anderson K, Deas MA, et al: New benzoic acid derivatives
with retinoic activity: lack of direct correlation between biological
activity and binding to cellular retinoic acid binding protein. Cancer
Res 47:3523-3527, 1987

Douer D, Koeftler HP: Retinoic acid. Inhibition of the clonal growth
of human myeloid leukemia cells. J Clin Invest 69:277 -283, 1982

Maden M, Ong DE, Summerbell D, Chytil F: Spatial distribution of
cellular protein binding to retinoic acid in the chick limb bud. Na-
ture 335:733-735, 1988

Eichele G: Retinoids and vertebrate limb pattern formation. Trends
Genet 5:246-251, 1989

Aikawa H, Momoi T, Kitamoto T, Arahata K, Momoi M: Expression
of cellular retinoic acid binding protein (CRABP) in adult rat brain.
Biomed Res 10:247 -250, 1989

Siegenthaler G, Saurat JH: Retinoid binding proteins and human skin.
Pharmacol Ther 40:45-54, 1989

Siegenthaler G, Saurat JH, Ponec M: Terminal differentiation in cul-
tured human keratinocytes is associated with increased levels of
cellular retinoic acid-binding protein. Exp Cell Res 178:114-126,
1988

Hirschel-Scholz S, Siegenthaler G, Saurat J-H: Isotretinion differs
from other synthetic retinoids in its modulation of human cellular
retinoic acid binding protein (CRABP). Br ] Dermatol 120:639-
644, 1989

Shroot B, Eustache J, Bernardon JM: Dérivés benzonaphtaléniques,
leur procédé de préparation et leur application dans les domaines
pharmaceutiquc et cosmétique. European Patent 199,636. April 11,
1986

Gazith J, Eustache J, Watts O, Cavey MT, Shroot B: An improved
assay procedure and a new chemically stable ligand for cytosolic
retinoic acid binding protein. Anal Biochem 171:238-248, 1988

Asselineau D, Bernard BA, Darmon M: Three-dimensional culture of
human keratinocytes on a dermal equivalent: a model system to
study epidermal morphogenesis and differentiation in vitro. In:
Lowe N, Maibach H (eds.). Models in Dermatology, Vol. 3. Karger,
Basel, 1987, pp 1-7

Michel S, Courseaux A, Miquel C, et al: Determination of retinoid
activity by an enzyme-linked immunosorbent assay. Anal Biochem
192:232-236, 1991

Huszar M, Gigi-Leitner O, Franke WW, Geiger B: Monoclonal anti-
bodies in various acidic (type I) cytokeratins of stratified epithelia.
Selective markers for stratification and squamous cell carcinomas.
Differentiation 31:141-153, 1986

Dale BA, Allen MG, Fleckman P, Kimball JR, Resing KA: Character-
ization of two monoclonal antibodies to human epidermal kerato-
hyalin: reactivity with filaggrin and related proteins. J Invest Der-
matol 88:306-313, 1987

Asselineau D, Bernard BA, Bailly C, Darmon M, Pruniéras M: Human
epidcrmis reconstructed by culture: is it normal?] Invest Dermatol
86:181-185, 1986

Petkovich M, Brank NJ, Krust A, Chambon P: A human retinoic acid
receptor which belongs to the family of nuclear receptors. Nature
330:444-450, 1987

Brand N, Petkovich M, Krust A, et al: Identification of a second
retinoic acid receptor. Nature 332:850-853, 1988

Cavey MT, Martin B, Carlavan I, Shroot B: In vitro binding of reti-
noids to the nuclear retinoic acid receptor alpha. Anal Biochem
186:19-23, 1990

Woodcock-Mitchell J, Eichner R, Nelson WG, Sun TT: Immuno-lo-
calization of keratin polypeptides in human epidermis, using mono-
clonal antibodies. J Cell Biol 95:580-588, 1982

Asselineau D, Dale BA, Bernard BA: Filaggrin production by human
epidermal keratinocytes and its regulation by retinoic acid. Differ-
entiation 45:221-229, 1990

Mangelsdorf DT, Ong ES, Dyck JA, Evans RM: Nuclear receptor that
identifies a novel retinoic acid response pathway. Nature 345:224 —

229, 1990



134 ASSELINEAU ET AL

53. Boylan JF, Gudas L]: Overexpression of the cellular retinoic acigi bind-
ing protein-I (CRABP-I) results in a redgcnon in dlﬁcrentmtnqu—
specific gene expression in F9 teratocarcinoma cells. J Cell Biol
112:965-979, 1991

54. Siegenthaler G, Samson J, Fiore-Donno G, Saurat JH: Retinoid-bind-
ing proteins in human oral mucrosa. J Oral Path 17:106-112, 1988

55. Maden M, Ong DE, Summerbell D, Chytil F: The role of retinoid-

THE JOURNAL OF INVESTIGATIVE DERMATOLOGY

binding proteins in the generation of pattern in the developing limb,
the regencrating limb and the nervous system. Development
(suppl):109-119, 1989

56. Maden M, Summerbell D, Maignan J, Darmon M, Shl;OOt B: Thf?
respecification of limb pattern by new synthetic retinoids and their
interaction with cellular retinoic acid-binding protein. Differentis-
tion 47:49 -55, 1991

ANNOUNCEMENT

The 41st Annual Symposium on the Biology of the Skin will be held at Snowmass Village,
Colorado, July 25-29, 1992. The symposium, this year on the “Fundamentals of Hair Biol-
ogy,” will be organized by Kirk Wuepper, Andrew Messenger, and David Norris. A program of
formal presentations and a limited number of poster presentations are planned. Abstracts for
- selection of poster presentations should be submitted by May 1, 1992. For details please contact
David A. Norris, M.D., Department of Dermatology, B-144, University of Colorado School of
Medicine, 4200 East Ninth Avenue, Denver, Colorado 80262. Telephone: (303) 372-1140.

Fax: (303) 372-1159.

ANNOUNCEMENT

The 3rd Asian Dermatological Congress will be held January 15-17, 1993 at the Hong Kong
Convention and Exhibition Centre. A joint venture of the Hong Kong Society of Dermatology
& Venereology and the Asian Dermatological Association, this Congress is being organized by
the Institute for International Research. Congress Manager: IIR Ltd., Room 1804-5, Seaview
Commercial Building, 21-24 Connaught Road West, Hong Kong. Tel: 549-5618. Fax: 548-
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