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Abstract In this  study, we examined effects of retinol 
deficiency and three retinoids, all-trunsretinoic  acid, 134s 
retinoic acid, and etretin, the aromatic derivative of retinoic 
acid, on nuclear retinoic acid receptor isoforms CL, p, and y 
mRNA in rat adipose tissue.  Retinol  deficiency  caused  an  al- 
most 50% decrease in  isoform p mRNA  levels of adipose tis- 
sue, whereas  little change occurred in the abundance of CL 
and y isoforms transcripts in  this  tissue. Intragastric ad- 
ministration of all-trunsretinoic acid  to retinoldeficient rats 
increased the adipose tissue retinoic acid receptor isoforms 
p and y mRNA  levels sixfold and twofold,  respectively,  in 4 h 
as compared to adipose tissue  of retinoldeficient rats that 
were administered cottonseed oil.  In contrast to  this, 13-cis 
retinoic acid and etretin at equimolar doses were not effec- 
tive  in inducing p or y isoforms mRNA in retinoldeficient 
rats. m These results show that adipose tissue  isoform p 
responds to retinol deficiency, and all-trunsretinoic acid 
rapidly induces p and y mRNA isoforms  in  this  tissue. Thus, 
retinoic acid may regulate expression of specific genes 
through its interaction with retinoic acid receptors in adipo- 
cytes.-Haq, R. U., and F. Chytil. Effect of retinoids on 
nuclear retinoic acid receptors mRNA in adipose tissue  of 
retinoldeficient rats. J. LZpZd Res. 1992. 33: 381-384. 
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Although the effects  of  vitamin A on lipid metabo- 
lism  were described several decades ago, the molecular 
mechanisms involved in this process remain to be elu- 
cidated (1). More recently, retinoic acid (RA), the 
product of oxidation of retinol (vitamin A), has been 
shown to  induce differentiation of  many  cells (for 
reviews, see 2-4). In contrast,  in vitro differentiation of 
preadipocytes to adipocytes is inhibited by RA (5-8). 
This inhibition is accompanied by a decrease in ac- 
tivity of lipogenic enzymes and in levels of fatty  acid- 
binding  protein (9-11). It has been established that 
the molecular mechanism by which RA exerts its  ac- 
tion involves its interaction with nuclear retinoic acid 
receptors (RARs) which in turn  regulate expression of 
specific genes (12, 13). Three main RAR isoforms, a, 
p, and 7, have been characterized (14-16). 

In a preliminary study we reported  that  rat adipose 
tissue contains all three isoforms of RARs (17). This 
suggested for  the first  time that differentiation of 
adipocytes may be regulated by RA in the whole ani- 
mal. In order to define whether or  not RA action in 
adipose tissue  is mediated by RARs, we examined first 
whether vitamin A status affects  levels  of mRNA for 
these receptors and  then  whether intragastric ad- 
ministration of RA, 13ciAL4, and  etretin, a synthetic 
derivative  of RA, rapidly influence expression of genes 
coding  for RARs. 

M A T E W S  AND METHODS 

Male  Sprague-Dawley rats (21 days old from Sasco) 
were made  retinoldeficient as described previously 
(18). Serum  retinol levels  of deficient rats were 0.7-2.7 
pg/lOO m1 and those of retinol-sufficient rats were 32- 
45 pg/100 m1 as determined by a fluorometric method 
(19). Retinol-deficient rats were randomly divided into 
four  groups of three rats per  group. Each group was 
fed by stomach intubation  either 0.2 m1 cottonseed oil 
or cottonseed oil  with 333 nmol (0.3 pg/g/BW) all- 
trunsRA, lS&RA (Sigma Chemical Company), or 
etretin (Ro-1@1670), an aromatic derivative  of RA (a 
generous gift from Dr. S. Shapiro of Hoffmann-La 
Roche).  Control retinol-sufficient rats were  also fed 0.2 
m1 cottonseed oil.  Animals  were  killed by decapitation 
after 4 h and epididymal fat pads were  excised for 
RNA preparation. 

RAR probes 
RAR specific probes were obtained from cDNA 

clones for RARa, p, and 7 as described (20). All frag- 
ments used as probes  spanned  the ligand/carboxy ter- 

Abbreviations: RA, retinoic acid; RAR, retinoic acid receptor. 
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minal domain of RARu, p, or y. The  pactin probe 
used to normalize RNA levels was a  human-p actin 
cDNA (Clontech). cDNA probes were  labeled  with 
[32P]dCTP  (3000  Ci/mmol, Dupont) using  a random 
primer extension  labeling system  (NEN) according to 
manufacturer instructions. 

RNA isolation and Northern adysis 

Total RNA was isolated  from 0.8-1.0 g of  epididymal 
fat by the guanidine thiocyanate-cesium chloride pro- 
cedure as  described (21). The RNAs (40 pg) were  sub- 
sequently  size-fractioned on a 1% formaldehyde/ 
agarose  gel and transferred to Nytran  membranes 
(Schleicher & Schuell)  in 10 X SSC (1 X SSC,  0.15 M 
sodium chloride, 0.015 M sodium citrate). The 
membranes were then washed  briefly in 5 x SSC, air 
dried, and baked in an oven for 2  h at 8OOC. Nytran 
membranes  were  prehybridized (4  h) and hybridized 
(1 X lo6 cpm/ml overnight) at 42OC in  50%  for- 
mamide, 5 x SSPE, (1 x SSPE,  0.15 M NaCl,  0.01 M 
Na2HPOcH20,  0.001 M EDTA, pH  7.4)  0.1%  bovine 
serum albumin, 0.1 % polyvinylpyrrolidone, 0.1 % 
Ficoll,  10% dextran sulfate, 1% SDS, and 200 pg/ml 
sheared salmon  sperm DNA. The membranes  were 
washed (four times)  in  2 X SSC at room temperature, 
followed by two 30-min  washes  in 2 X SSC/O.l%  SDS at 
65°C. The membranes were then exposed to Kodak 
XAR-5 film  with  intensifying  screens at -70°C.  After  24 
or 48 h of exposure, band intensities  were quantitated 
by densitometric scanning. 

RESULTS 

Total RNA from  adipose  tissue was subjected to 
Northern blot  analysis  with  a  specific RARQ cDNA 
(Fig. 1). The same  filter was again probed with pactin 
cDNA to normalize the relative  levels  of RAR-p 
transcripts.  Retinol  deficiency  caused  an  almost  50% 
decrease  in RARQ mRNA as compared to its  level  in 
retinol-sufficient  rats  (Fig.  1,  lanes 1-3  vs.  12-14).  All- 
trawRA administration  to retinoldeficient rats  after  4 
h  led to ca.  6-fold increase  in RAR-p mRNA  levels  (Fig. 
1, lanes 4-6 vs. 12-14).  This  elevation of RAR-p mRNA 
was 3.5fold higher than levels  in  retinol-sufficient  rats 
(Fig.  1,  lanes 1-3 vs. 4-6). However, the administration 
of lS&RA (lanes 7-9) and etretin (lanes 10-11), the 
aromatic  derivative of RA, to retinoldeficient rats at 
equimolar  doses  failed  to induce RAR-p mRNA. In 
contrast,  adipose  tissue RARa mRNA  levels did not 
respond to all three retinoids tested (data not shown). 

Fig. 2 shows the effects  of three retinoids on RAR-y. 
RAR-y mRNA  levels decreased  slightly (17%) in 
retinoldeficient rats  (Fig.  2,  lanes 1-3  vs.  12-14).  All- 
trawRA feeding to retinoldeficient rats  increased 
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Fq. 1. Effect of retinoids on RAR+ mRNA levels in rat adipose 
tissue.  Each lane  contained 40 pg of total RNA from an individual 
animal. Rats were  fed cottonseed oil or different  retinoids  and 
killed  after 4 h. Retinol-sufficient rats fed  cottonseed oil (lanes 1- 
3), retinoldeficient rats fed  all-fravwRA (lanes 4-6), lS-&RA (lanes 
7-9). etretin  (lanes 10-11) ,  and  cottonseed oil (lanes  12-14). 

RAR-y mRNA approximately 2-fold as compared to its 
level in retinol-sufficient  rats  (Fig.  2,  lanes 1-3  vs. 4-6). 
On  the  other hand, at equimolar doses lS&RA and 
etretin were  again not as effective as all-trawRA  in  in- 
ducing mRNA  levels  of W - y  (Fig.  2,  lanes  7-11). 

DISCUSSION 

In recent years, there have been efforts to under- 
stand the mechanism  of  adipocyte  differentiation and 
its inhibition by retinoic acid in vitro  (5-10). The 
presence of nuclear RARs in adipose  tissue and rapid 
induction of RARp genes by all-trawRA reported here 
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Fq. 4. Effect of retinoids on RAR-y mRNA levels in rat adipoae 
tissue.  Each  lane contained 40 pg of total RNA from  an  individual 
animal. Rats were  fed cottonseed oil or different  retinoids  and 
killed  after 4 h. Retinol-sufficient rats (lanes  1-3).  Retinoldeficient 
rats fed all-hrrvwRA (lanes 4-6), lS&RA  (lanes 7-9), eaetin (lanes 
10-1 l ) ,  and  cottonseed oil (lanes 12-14). 
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demonstrate  that among the  primary  target  genes  sen- 
sitive to RA are its  own  nuclear  receptors.  These 
results are similar  to  those  reported  for  rat liver and 
lung (22, 23). It  appears  that  only RAR-P and 'Y are 
rapidly  induced.  However,  it  remains  to be elucidated 
which  genes  interact with RARs as well as  which 
specific  cells  of  adipose  tissue  express  the RARs. 

T h e  data presented  here still strengthen  the 
hypothesis  that all-trunsRA dependent  increase  in 
RARs may be involved  in  adipocyte  differentiation, 
which is accompanied  in vitro by increased  expression 
of C-fos (24). Addition  of RA to  preadipocytes  inhibits 
this  process with concomitant  decrease  in  mRNA levels 
of C-Fos/Jun-B ( 1  1 ) . RAR protein  may  form a complex 
with Jun  protein,  thereby  inhibiting  the  binding  ofJun 
protein  to  the  target DNA (25). Thus,  it  appears  that 
RA through  the  induction  of RARs levels diminishes 
the activity of  cellular  oncogenes  which in turn  can af- 
fect  genes  involved  in  differentiation  of  adipocytes. 

In  summary,  the rapid elevation  of  expression  of 
genes  coding  for P and  isoforms  of RARs by all-trans 
retinoic  acid  reported  here  suggest  rather  strongly  that 
these  isoforms and all-trunsretinoic  acid are involved 
in  regulation  of  differentiation  in  adipose cells. iI 
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