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Detection of mRNA Transcripts for Retinoic Acid, Vitamin D,, and
Thyroid Hormone (c-erb-A) Nuclear Receptors in Human Skin Using
Reverse Transcription and Polymerase Chain Reaction
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Differentiation of keratinocytes involves both non-genomic and
genomic events. The genomic effects are regulated by ligand-
dependent transcription factors, e.g. the steroid/thyroid super-
family of nuclear receptors. In the present study we examined
mRNA expression of receptors for retinoic acid, thyroid
hormone, and vitamin D, in normal human skin and cultured
keratinocytes using reverse transcription coupled to the poly-
merase chain reaction. The vitamin D, receptor and the retinoic
acid receptor (RAR) vy together with the more distantly related
RXRa were amplified extensively in skin and cultured
keratinocytes. RAR«a was amplified at a lower level, and RARf
was almost undetectable. The thyroid hormone receptors al
and B1 were weakly amplified, but to comparable levels. Be-
cause receptors for retinoic acid, thyroid hormones, and vita-
min D, are all expressed in human epidermis differentiation of
keratinocytes is probably regulated at transcriptional level by
these molecules. It remains to be seen whether alterations in the
expression of the nuclear receptors occur in certain skin dis-
orders. Key words: RAR; RXR; THR; VDR; Epidermis; Ker-
atinocytes.
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Small molecules such as retinoids, vitamin D, and triiodo-
thyronine affect epidermal differentiation both in vive and in
vitro (1-5). All these compounds bind to intracellular recep-
tors belonging to the steroid/thyroid hormone receptor super-
family. To date, this family comprises 3 retinoic acid receptors
(RARs) (6-8), 2 thyroid hormone receptors (THRs) (9, 10),
the vitamin D, receptor (VDR) (11), and the recently de-
scribed second class of retinoid receptors (RXRs) (12, 13).
The endogenous ligand of RXRs has been identified as a
stereoisomer of retinoic acid, 9-cis retinoic acid, which directly
binds and activates RXRa (14). Besides acting as a homo-
dimer, RXRa greatly enhances the activity of RARs, VDR,
and THRs by heterodimer formation (15). Studies on the
mRNA expression of nuclear receptor proteins in dermatolog-
ical disorders are scanty, probably owing to difficulties in
performing Northern blot analysis with the limited amount of
material available from abnormal skin lesions. However, by
the use of reverse transcription (RT) coupled to polymerase
chain reaction (PCR) the mRNA expression can be studied
in small skin samples such as obtained from suction blister
roofs (16).
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In the present study we employed RT-PCR for analysis of
mRNA expression of nuclear receptors for retinoic acid, 9-cis
retinoic acid, vitamin D;, and thyroid hormone in normal
human skin and cultured epithelial cells.

MATERIAL AND METHODS

Biological specimen

Normal human skin was obtained by shave biopsy in connection with
mammary reduction surgery. The samples included the whole epider-
mis and small portions (=20%) of papillary dermis.

Human keratinocytes were derived from normal mammary skin and
cultured in Nunclon 6-well plastic dishes (Nunc, Roskilde, Denmark)
using a 1:3 mixture of DMEM:F12 medium (Gibco BRL, Uxbridge,
England) containing 5% foetal calf serum (Nordcell, Stockholm, Swe-
den), 0.4 pg/ml hydrocortisone, 5.3 pg/ml insulin, 10 ng/ml epidermal
growth factor, 0.1 nM cholera toxin, and antibiotics. The calcium
concentration was 1.56 mM as determined by atom absorption spec-
trometry. Primary cells were established in a humidified incubator at
36°C containing 5% CO, and 95% air. Growth medium was changed 3
times per week and confluent cultures were harvested by scraping on
day 14.

HelLa cells (from human cervix carcinoma) were cultured in DMEM
containing 10% FCS and antibiotics.

Reversed transcription (RT)

Total RNA was extracted from normal skin and cultured cells by the
guanidinium-phenol-choloroform method (17). Three ug of total
RNA was reversedly transcribed into cDNA in a 30 ul reaction mix-
ture containing 50 mM Tris-HCI (pH 8.3), 75 mM KCI, 3 mM MgCl,,
10 mM dithiothreitol. 0.5 mM of each dNTP (Pharmacia-LKR Bio-
technology. Sollentuna, Sweden), 2 U RNase Block II (Stratagene, La
Jolla, CA), 10 pg/ml of oligo-d(T),s as primer, and 200 U M-MLV
reverse transcriptase (Life Technologies, Gaithersburg, MD). After
incubation at 37°C for 60 min, the reaction was stopped by heating at
75°C for 10 min and the mixture stored at —70°C until cDNA amplifi-
cation was performed.

Oligonucleotide primers

Transcripts of RARa;, RARp,, RARy,, RXRa, VDR, THRal, and
THRPI1 were studied by amplification of transcribed RNA using dif-
ferent primer pairs (see Table I). We designed specific primers of
20-23 nucleotides in length with 48-70% GC composition. The calcu-
lated melting temperature (>66"C) allowed a stringent annealing tem-
perature in the PCR cycle. The cDNA amplification products, span-
ning over almost the entire coding sequence, were predicted to be
1261 bp (RARq,;), 1300 bp (RARB,), 1256 bp (RARy,), 1355 bp
(RXRa), 1245 bp (VDR), 1159 bp (THRal), and 1309 bp (THRB1) in
length (the distance between primers plus primer length).

Polymerase chain reaction (PCR)

The following PCR mixture (48 ul) was prepared immediately before
use: 10 mM Tris-HCI (pH 8.3), 50 mM KCl, 1.5 mM MgCl,, 200 uM of
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Table 1. Nucleotide sequences from the different cDNAs used for amplification by RT-PCR

Target Sequence Bp in ref Product size/Bp Reference

RAR«, F 5'AGGCGCTCTGACCACTCTCCA 340-360 1261 (6)
R 5'GGCCGGGCTGCTTCTGTTGG 16001581

RARf, F STGGATGTTCTGTCAGTGAGTCCT 335-357 1300 (36)
R STTTTCCACTGAGCTGGGTGAGAT 1634-1612

RARY, F 5'GCCACCAATAAGGAGCGACTCT 418439 1256 (8)
R S'TCAGGGTTCTCCAGCATCTCTC 1673-1652

RXRa F 5'CTGCCGCTCGATTTCTCCACC 94-114 1355 (12)
R 5'GGCGCCTCCAGCATCTCCATA 14481428

VDR F S'CCAGCACTTCCCTGCCTGACC 17-37 1245 (11)
R 5S'ACTTCGAGCACAAGGGGCGTT 1261-1241

THRa B S'"AGAAGCCAAGCAAGGTGGAATGT 474-496 1159 (37)
R STTCATGTGGAGGAAGCGGCTG 1632-1612

THRp E S5'CAGAAAATGGCCTTACAGCTTGG 305-327 1309 (9
R S'TTCATGTGGAGGAAGCGGCTG® 1613-1593

*The THRP primer contains a mismatch (a G instead of a C at position 9) because this primer was designed to be used as reverse primer for both

THRa and THR.

each dNTP, 0.001% gelatin, and 1.25 U AmpliTaqg DNA polymerase
(Perkin-Elmer-Cetus Corp.. Emeryville, CA). Primers (1 ul) were
added to a final concentration of 0.5 mM. The total PCR volume was
50 pl, including 1 pl of the reverse transcription reaction mixture which
is equivalent to 100 ng total RNA. The reaction mixture was overlaid
with 1 drop of mineral oil (Perkin-Elmer-Cetus Corp.) to prevent
evaporation during heating. The tubes were placed in a Thermal cycler
(Perkin-Elmer) programmed as follows: (a) 94°C for 60 s (initial melt-
ing); (b) 35 cycles of the following sequential steps: 60 s at 94°C
(denaturation), 60 s at 61°C (annecaling), 120 s at 72°C (extension); and
(¢) 7 min at 72°C (final extension).

PCR product analysis

Ten pl of the reaction mixture was mixed with loading buffer on a strip
of Parafilm. Amplified products were separated by electrophoresis on
a 1.5% agarose gel containing ethidium bromide, in parallel with a
Hae 11 digest of (X174 serving as molecular weight markers (Pro-
mega), and visualized by UV transillumination.

Restriction enzyme mapping

In certain experiments the amplified products were precipitated over-
night in the presence of sodium acetate and ethanol at —20°C. After
centrifugation at 15,000 X g for 20 min at +4°C the amplified cDNA
was redissolved in distilled water. The ¢cDNA was digested with diag-
nostic restriction enzymes (Promega, Table II) for 2 h before gel
analysis. The specific endonuclease cleavage sites were obtained from
published sequences.

RESULTS

To examine the mRNA expression of nuclear receptors in

Table I1. Predicted cleavage sites of PCR products

Substrates Enzyme Number Fragment

of sites sizes (bp)
RXRa Sacl 1 147, 1207
RAR« Sacl I 446, 814
RARp Kpnl 1 259, 1040
RARy Sacl 1 562, 693
VDR Pst1 1 171, 1074
THRa Pstl 2 207, 457, 495
THRP Pstl 1 504, 714
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Fig. 1. Detection of mRNAs for nuclear receptor proteins in human
skin by RT-PCR, using ethidium-bromide-stained agarose gel for de-
tection of nuclear receptor proteins. The molecular weight marker is a
Hae I11 digest of QX174 consisting of fragments of the following sizes
(in base pairs): 1.353, 1,078, 872, 603, 310, 281. 271, 234, 194, 1I8.
(72). The 1353 and 603 bp fragments are outlined to the right. Similar
results have been obtained using cDNA from three different samples.
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Fig. 2. Detection of mRNAs for nuclear receptor proteins using
RT-PCR in cultured epidermal keratinocytes. The molecular weight
markers are as shown in Fig. 1. The experiments have been conducted
twice with similar results.

human skin we reversedly transcribed total RNA into cDNA
and amplified the cDNA by PCR (RT-PCR) using specific
primers (Table I). As shown in Fig. 1, transcripts for RXRa,
RARa, and RARy, but not for RARP, were found. Similar
results were obtained when amplifying cDNA from cultured
keratinocytes (Fig. 2) and HelLa cells (Fig. 3). Expression of
RARp was routinely found in identically prepared ¢cDNAs
from human liver or placenta, showing that the RARR primers
were working (data not shown). The bands were identified by
restriction enzyme mapping. When amplified products from a
skin sample were cut with restriction enzymes, new products
of expected sizes were obtained (Table II and Fig. 4).

We also studied the mRNA expression of VDR and THRs.
As seen in Figs. 1 and 2, the degree of VDR amplification in
human skin and cultured keratinocytes was greater than for all
other receptors, with the possible exception of RXRa. In
HeLa cells the amplification of VDR was less pronounced
than in the skin-derived samples (Fig. 3). The two receptors
for trilodothyronine (THRa and THRf) were amplified from
cDNAs from skin and cultured keratinocytes, with similar
degrees of amplification for the two receptors. Amplification
of cDNA from HeLa cells generated THRa but not THRB
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Fig. 3. Detection of mRNAs for nuclear receptor proteins using RT-
PCR in cultured HeLa cells. The molecular weight markers are as
shown in Fig. 1. Similar results were obtained from two different
preparations of cDNA from HelLa cells.

(Fig. 3). The identities of the transcripts for VDR and THRs
were analysed by restriction enzyme mapping of the amplified
products from a skin sample. As seen in Fig. 4, the fragments
obtained after restriction enzyme mapping correlated to the
expected sizes (Table IT).

DISCUSSION

We used RT-PCR to detect the nuclear receptors for retinoids
(all-trans retinoic acid and 9-cis-retinoic acid), vitamin D+, and
triiodothyronine in human skin and cultured epithelial cells.
RT-PCR is more sensitive than Northern blot, requires less
material, and is less time-consuming if many transcripts are
studied simultaneously. Amplification of reversedly tran-
scribed RNA without using internal control cDNA has the
disadvantage of not allowing exact quantitation of a given
mRNA species, but then this piece of information is usually of
little value when investigating a heterogenous tissue such as
skin. Our data based on RT-PCR confirm some of the previ-
ous results obtained with Northern blot technique, showing
that human skin, cultured keratinocytes, and HeLa cells all
express the nuclear retinoid receptors RARa, RARy and
RXRa. (18, 19). Recently, we succeded in detecting also
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Fig. 4. Detection of mRNA for nuclear receptor proteins following restriction enzyme cutting of the corresponding RT-PCR products (see Material
& Methods for details). The molecular weight markers are the same as shown in Fig. 1. The 1353, 603, and 310 bp fragments are outlined.

RXRp (Térmi et al., unpublished observation). The RXRp
transcript was originally found by Northern blot analysis of
human skin and cultured keratinocytes (13). The third mem-
ber of the RXR family, RXRy, has not been found to be
expressed in human skin or cultured keratinocytes (13).

The expression of vitamin D; and thyroid hormone recep-
tors was found in skin specimens, cultured keratinocytes, and
HelLa cells. VDR has previously been demonstrated immuno-
histochemically, in normal and psoriatic skin by Milde et al.
(20). They found no differences in the epidermal expression of
VDR in normal and non-lesional psoriatic skin, but lesional
skin expressed large amounts of the receptors. We look for-
ward to learning how these findings relate to mRNA expres-
sion of VDR.

To our knowledge, nothing has been published about the
mRNA expression of thyroid hormone receptors in human
skin. In the present study, we found the two isoforms THRa1
and THRP1 to be similarly expressed in skin samples and
cultured keratinocytes. We excluded other isoforms, such as
THRa2 and THRB2 because THRa2 does not bind any thy-
roid ligand (21), and because THRP2 has been reported to be
exclusively expressed in the anterior pituitary gland (22).

The study of transcripts for RARs, VDR, and THRs in skin
disorders is interesting because their ligands influence epider-
mal differentiation both in vitro and in vivo (1-5). For exam-

ple, keratin expression, which differs between basal cells and
differentiated keratinocytes, is modulated by retinoids and
triiodothyronine (23, 24), and certain keratin genes are under
the direct control of RARs and THRs (5) but not of VDR
(25). Further, retinoids inhibit the expression of epidermal
transglutaminase at pre-translational level (26). Transglutami-
nase catalyses the formation of cornified envelopes in the
upper parts of the epidermis. Vitamin D, also influcnces epi-
dermal transglutaminase, an effect apparently mediated via a
VDR-receptor (27). Also, the expression of the osteocalcin
gene is regulated by vitamin D, and VDR at the transcriptional
level, at least in skeletal tissue (28). The regulatory region of
the osteocalcin gene binds both VDR and RARs, suggesting
“cross-talk” between these receptors in the regulation of
osteocalcin transcription (28). It is thus possible that several of
the proteins involved in epidermal differentiation are regu-
lated at the transcriptional level by the combined effect of
retinoids, triiodothyronine, and vitamin D,

The second class of retinoid receptors, the RXRs, has not
yet been found to regulate expression of any genes involved in
keratinocyte differentiation, but in other cell systems RXRs
form homodimers that recognize specific response elements,
for example, in the genes for CRBPII and apolipoprotein Al
(29-31). Unlike other receptors, RXRs bind to DNA with
increased affinity in the presence of its natural ligand, 9-cis-
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retinoic acid (31). Further, RXRs stabilize the DNA binding
of RARs, VDR, and THRs by forming heterodimers (15, 32),
which suggests that RXR plays a central role in a multitude of
hormone signalling pathways.

By using RT-PCR it is thus possible to amplify mRNA
transcripts for nuclear receptors in small skin samples and
cultured cells. The technique will make it possible to study the
role of these receptors, for example, in skin diseases character-
ized by disturbed epidermal differentiation. Further, the am-
plified products can be sequenced to study possible chromoso-
mal translocations, such as described for RAR« in acute pro-
myelocytic leukaemia (33), or point mutations as described for
THR{ in generalized thyroid hormone resistance (34, 35).

ACKNOWLEDGEMENTS

We thank Eva Andersson, Eva Hagforsen, and Inger Pihl-Lundin for
performing the cell culture experiments. This study was supported by
grants from the Swedish Medical Research Council (03X-07133), the
Swedish Psoriasis Association. the Edvard Welander and the Tore
Nilsson Foundations. H.T. is the recipient of a post-doctoral fellow-
ship from the Swedish Medical Research Council.

REFERENCES

1. Orfanos C, Ehlert R, Gollnick H. The retinoids. A review of their
clinical pharmacology and therapeutic use. Drugs 1987, 34
459-503.

2. Asselineau D. Bernard BA, Bailly C, Darmon M. Retinoic acid
improves epidermal morphogenesis. Dev Biol 1989; 133: 322-335.

3. Kraghalle K, Gjertsen BT. de Hoop D. et al. Double-blind,
right/left comparison of calcipotriol and betamethasone valerate
in treatment of psoriasis. Lancet 1991; 337: 193-196.

4. Rosenberg R, Isseroff R, Ziboh V, Huntley A. Abnormal lipo-
genesis in thyroid hormone-deficient epidermis. I Invest Derma-
tol 1986; 86: 244-248.

5. Tomic M, Jiang C-K. Epstein HS, Freedberg IM, Samuels HH,
Blumenberg M. Nuclear receptors for retinoic acid and thyroid
hormone regulate transcription of keratin genes. Cell Regulation
1990; 1: 965-973.

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

7. Brand N, Petkovich M. Krust A, et al. Identification of a second
human retinoic acid receptor. Nature 1988: 332: 850-833.

8. Krust A, Kastner P, Petkovich M, Zelent A, Chambon P. A third
human retinoic acid receptor, hRAR-y. Proc Natl Acad Sci USA
1989: 86: 5310-5314.

9. Weinberger C, Thompson CC. Ong ES. Lebo R, Gruol DI, Evans
RM. The c-erb-A gene encodes a thyroid hormone receptor.
Nature 1986: 324: 641-646.

10. Benbrook D, Pfahl M. A novel thyroid hormone receptor en-
coded by a cDNA clone from a human testis library. Science 1987;
238: T88-T91.

11. Baker AR, McDonnell DP, Hughes M. et al. Cloning and expres-
sion of full-length ¢cDNA encoding human vitamin D receptor.
Proc Natl Acad Sci USA 1988: 85: 3294-3298.

12. Mangelsdorf DJ, Ong ES, Dyck JA, Evans RM. Nuclear receptor
that identifics a novel retinoic acid response pathway. Nature
1990: 345: 224-229.

13. Mangelsdorf DJ, Borgmeyer U, Heyman RA. et al. Character-
ization of three RXR genes that mediate the action of Y-cis reti-
noic acid. Genes Dev 1992; 6: 329-344,

14. Heyman RA, Mangelsdorf DJ, Dyck JA, Stein RB, Eichele G,
Evans RM, Thaller C. 9-Cis retinoic acid is a high affinity ligand
for the retinoid X receptor. Cell 1992; 68: 397-406.

15. Zhang XK. Hoffmann B, Tran PBV. Graupner G. Pfahl M.

Acta Derm Venereol (Stockh) 73

23.

24,

]
n

30,

3.

(73]
rJ

34.

Retinoid X receptor is an auxiliary protein for thyroid hormone
and retinoic acid receptors. Nature 1992; 355: 441-446.

. Longley J, Ding TG, Cuono C. Durden F, Crooks C. Hufeisen S,

Eckert R, Wood GS. Isolation. detection, and amplification of
intact messenger RNA from dermatome strips. epidermal sheets,
and sorted epidermal cells. J Invest Dermatol 1991; 97: 974-979,

. Chomezynski P, Sacchi N. Single-step method of RNA isolation

by acid guanidinium thiocyanate-phenol-chloroform extraction.
Anal Biochem 1987; 162: 156-159.

. Daly AK. Rees JL, Redfern CPF. Nuclear retinoic-acid-binding

proteins and receptors in retinoic-acid-responsive cell lines. Exp
Cell Biol 1989; 57: 339-345.

. Elder JT. Fisher GJ, Zhang Q-Y, Eisen D. Krust A, Kastner P,

Chambon P. Voorhees 1J. Retinoic acid gene expression in human
skin. J Invest Dermatol 1991; 96: 425-433.

. Milde P, Hauser U. Simon T, et al. Expression of 1.25-dihydroxy-

vitamin D; receptors in normal and psoriatic skin. J Invest Derma-
tol 1991; 97: 230-239.

. Mitsuhashi T, Tennyson G, Nikodem V. Alternative splicing gen-

erates messages encoding rat c-erb-A proteins that do not bind
thyroid hormone. Proc Natl Acad Sci USA 1988; 85: 5804-5808.

. Wood WM, Ocran KW, Gordon DF. Ridgway EC. Isolation and

characterization of mouse complementary DNAs encoding alpha-
thyroid and beta-thyroid hormone receptors from thyrotrope cells
— the mouse pituitary-specific p2 isoform differs at the amino
terminus from the corresponding species from rat pituitary tumor
cells. Mol Endocrinol 1991: 5: 1049-1061.

Stellmach V., Leask A, Fuchs E. Retinoid-mediated transcrip-
tional regulation of keratin genes in human epidermal and squa-
mous cell carcinoma cells. Proc Natl Acad Sci USA 1991; 88:
4582-4586.

Mathisen P, Miller L. Thyroid hormone induces constitutive ker-
atin gene expression during Xenopus laevis development. Mol
Cell Biol 1989; 9: 1823-1831.

. Blumenberg M. Connolly D, Freedberg 1. Regulation of keratin

gene expression: The role of the nuclear receptors for retinoic
acid, thyroid hormone, and vitamin D;. J Invest Dermatol 1992;
U8: 425-49S.

. Michel S, Reichert U, Isnard J, Shroot B, Schmidt R. Retinoic

acid controls expression of epidermal transglutaminase at the
pre-translational level. FEBS Lett 1989; 258: 35-38.

. Smith E, Walworth N, Holick M. Effect of | alpha, 25-dihydroxy-

vitamin D; on the morphologic and biochemical differentiation of
cultured human epidermal keratinocvtes grown in serum-free con-
ditions. J Invest Dermatol 1986; 86: 709-T714.

. Schiille R, Umesono K. Mangelsdorf DJ, Bolado J, Pike JW.

Evans RM. Jun-fos and receptors for vitamins A and D recognize
a common response element in the human osteocalein gene. Cell
1990: 61: 497-504.

. Mangelsdorf DJ, Umesono K. Kliewer SA, Borgmeyer U, Ong

ES. Evans RM. A direct repeat in the cellular retinol-binding
protein type-I1 gene confers differential regulation by RXR and
RAR. Cell 1991; 66: 555-561.

Rottman IN, Widom RL. Nadal-Ginard B, Mahdavi V. Kara-
thanasis SK. A retinoic acid-responsive element in the apolipo-
protein Al gene distinguishes between two different retinoic acid
response pathways. Mol Cell Biol 1991; 11: 3814-3820.

Zhang XK, Lehmann J, Hoffmann B, et al. Homodimer forma-
tion of retinoid X receptor induced by Y-¢is retinoic acid, Nature
1992; 358: 587-591.

. Kliewer SA, Umesono K, Mangelsdorf DI, Evans RM. Retinoid

X receptor interacts with nuclear receptors in retinoic acid.
thyroid hormone and vitamin-D, signalling. Nature 1992; 355;
446449,

. de Thé H, Chomienne C, Lanotte M, Degos L. Dejean A. The

t(15:17) translocation of acute promyelocytic leukemia fuses the
retinoic acid receptor a gene to a novel transcribed locus. Nature
1990; 347: 558-561.

Shuto Y. Wakabayashi I, Amuro N, Minami §, Okazaki T.
A point mutation in the 3,5,3-triiodothyronine-binding domain



of thyroid hormone receptor-beta associated with a family with
generalized resistance to thyroid hormone. J Clin Endocrinol
Metab 1992; 75: 213-217.

- Behr M, Loos U. A point mutation (Ala229 to Thr) in the hinge

domain of the c-erbAbeta thyroid hormone receptor gene in a
family with generalized thyroid hormone resistance. Mol Endocri-
nol 1992; 6: 11191126,

36.

37:

Detection of mRNA transcripts for retinoic acid 107
de Thé H, Marchio A, Tiollais P, Dejean A. A novel steroid
thyroid hormone receptor-related gene inappropriately expressed
in human hepatocellular carcinoma. Nature 1987; 330: 667-670.
Laudet V, Begue A, Henry C, Joubel A, Martin P. Stehelin D.
Saule S. Genomic organisation of the human thyroid hormone
receptor alpha (c-erbA-1) gene. Nucleic Acids Res 1991: 19
1105-1112.

Acta Derm Venereol (Stockh) 73





