
003 1-399819 1/3003-0256$03.00/0 
PEDIATRIC RESEARCH 
Copyright O 1991 International Pediatric Research Foundation, Inc. 

Vol. 30, No. 3, 1991 
Printed in U. S. A. 

Negative Regulation of Angiotensinogen Gene 
Expression by Glucocorticoids in Fetal 

Sheep Liver 

ANN LOUISE OLSON, JEAN E. ROBILLARD, C. THOMAS KISKER, BRUCE A. SMITH, AND 
STANLEY PERLMAN 

Departments ofPediatrics [A.L.O., J.E.R., C. T.K., B.A.S., S.P.] and Microbiology [S.P. and the Cardiovascular 
Center [J.E.R.], University of Iowa, Iowa City, Iowa 52242 

ABSTRACT. The effect of glucocorticoids in regulating 
liver angiotensinogen gene expression was studied in chron- 
ically instrumented fetal sheep during the last trimester of 
gestation and was compared with the expression of other 
hepatic genes (prothrombin, factor IX, and albumin). Four 
sets of twins were studied at 118 d of gestation, and three 
sets were studied at 138 d of gestation (term, 145 d). One 
of each set of twins was infused intraperitoneally with 
cortisol (5 pmol.mL-'.h-') for 48 h, whereas the other 
twin received the same volume (1 mL/h) of normal saline. 
Plasma cortisol concentration increased from 0.32 f 0.12 
and 2.7 f 0.12 nmo1/100 mL to 44.2 f 20.0 and 37.7 f 
8.2 nmo1/100 mL in 118- and 138-d fetuses, respectively, 
during the cortisol infusion; no changes were observed in 
fetuses infused with saline alone. At the end of the infusion 
period, the animals were anesthetized, the fetal liver was 
removed, and total cellular RNA was isolated and probed 
for angiotensinogen, prothrombin, factor IX, and albumin. 
The results demonstrated that cortisol infusion decreased 
angiotensinogen mRNA by 61% in 138-d fetuses and al- 
bumin mRNA expression by 2.4-fold in 118-d fetuses and 
by 3.4-fold in 138-d fetuses. On the other hand, cortisol 
had no effect on fetal factor IX gene expression but in- 
creased prothrombin mRNA levels by 65% in 118-d fetuses 
and 62% in 138-d fetuses. Taken together, our results 
suggest that, during fetal life, angiotensinogen gene expres- 
sion is negatively regulated by glucocorticoids. This effect 
is not universal because cortisol increases fetal prothrom- 
bin gene expression. (Pediatr Res 30: 256-260, 1991) 
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creases during the last trimester of gestation but has been shown 
to decrease in the 1st wk after birth (5). 

Studies in mature rats have demonstrated that multiple factors, 
including glucocorticoids, can modulate liver angiotensinogen 
gene expression (6-9). Less is known about regulation of angio- 
tensinogen mRNA levels in the fetus, but it has been suggested 
that glucocorticoid hormones play an important role in organ 
maturation and enzyme induction during fetal life (10, 11). In 
vitro studies with cultured rat fetal hepatocytes (12) have shown 
that addition of dexamethasone to culture media causes fetal 
hepatocytes to express adult levels of mRNA for albumin, tyro- 
sine aminotransferase, and transfemn while decreasing the level 
of a-fetoprotein mRNA. Information about glucocorticoid ef- 
fects on gene expression in fetal liver in vivo is more limited and 
differs from results obtained in vitro. Johnson et al. (13) have 
shown that tyrosine aminotransferase mRNA is not affected by 
glucocorticoids in near-term fetal rats but that hormone respon- 
siveness develops postnatally. 

In an effort to determine if glucocorticoids play a role in the 
expression of liver angiotensinogen gene during fetal life, we 
studied the effect of cortisol on the hepatic expression of angio- 
tensinogen gene in chronically instrumented fetal sheep. We also 
compared the effect of cortisol on angiotensinogen gene expres- 
sion with its effect on the expression of other genes (prothrombin, 
factor IX, and albumin) that are only expressed in mature 
hepatocytes. Finally, we tested the hypothesis that the regulation 
of gene expression by cortisol in fetal liver is selective and varies 
at different stages of development. 

MATERIALS AND METHODS 

Animals and surgical preparation. Seven pregnant mixed- 
breed sheep carrying twin fetuses were obtained from a local 
supplier. The gestational ages of the fetuses were known on the 
basis of induced ovulation (14). Anesthesia and surgical proce- 
dures used were performed as vreviouslv described (1 5). Cathe- 
ters were placed i-n the femoral keins and in the peritoneal cavity 
of each twin. The animals were allowed 5 d to recover from the 

Angiotensinogen, the precursor of angiotensin I1 is primarily surgery, 
synthesized and secreted by the liver in the adult ( 1 ). It has also Experimental protocol. After recovering from the surgery, one 
been shown that all of the components of the renin-andotensin of each set of twins was infused intraperitoneally with 5 pmol/ 
System, including renin, angiotensinogen, and angotensin I and mL of cortisol (mol wt, 404) for exactly 48 h at a rate of 5 pmol/ 
11, are Present in the circulation of fetal animals (2, 3). Recently, h as previously described (16). The other twin (control) was 
angiotensinogen mRNA has been detected in fetal rats ( 1,4) and infused with the same volume of normal saline. The infusions 
in fetal sheep (5). Liver angiotensinogen gene expression in- were camed out with constant infusion pumps (Cormed, Inc., 
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iorized to gain access to the fetuses. The entire fetal liver was 
removed and snap-frozen in liquid nitrogen, homogenized in 
liquid nitrogen, and stored at -70°C. All procedures were ap- 
proved by the University of Iowa Committee for the Care and 
Use of Animals. 

Isolation of RNA and preparation of probes. Total cellular 
RNA was isolated by a modified isothiocyanate-CsC1 method as 
previously described (5). RNA was quantitated spectrophoto- 
metrically by absorbance at 260 nm, and purity was monitored 
by A2601A280 ratios as well as by agarose gel electrophoresis. 
RNA samples were stored as an ethanol precipitate at -70°C 
until further analysis. 

All experiments were performed with RNA probes comple- 
mentary to the sequences of interest. A clone containing full- 
length rat angiotensinogen cDNA (pRANG 6) (1 7) was obtained 
from K. R. Lynch (University of Virginia, Charlottesville, VA). 
This cDNA yields the antisense RNA when transcribed from the 
T7 promoter after linearizing with EcoRI. 

A full-length human serum albumin cDNA was obtained from 
J. Murray (University of Iowa, Iowa City, IA). This cDNA, which 
was subcloned into pBluescript I1 SK- (Stratagene, La Jolla, CA), 
yields the antisense RNA when transcribed from the T7 promoter 
after linearizing with BamHI. 

A human prothrombin cDNA was obtained from S. J. Friez- 
ner-Degen et al. (18). This cDNA was subcloned into pSP18 
(Promega Biotec, Madison, WI) as described by Kisker et al. 
(1 9). Transcription of this plasmid from the SP6 promoter yields 
antisense RNA after linearizing with EcoRI. 

A full-length human factor IX was obtained from S. P. Bajaj 
(20). The factor IX fragment was removed by digestion with PstI 
and subcloned into pIB130 (International Biotechnologies, Inc., 
New Haven, CT) at the PstI site. After linearization with HindIII, 
transcription from the T7 promoter yields the antisense RNA. 

Radiolabeled probes were generated by the method of Melton 
et al. (21) by using [a-32P]uridine triphosphate (Amersham Corp., 
Arlington Heights, IL). 

Northern blot hybridization. Aliquots of 5 pg of RNA as 
measured by absorbance at 260 nm were fractionated by 1% 
agarose-formaldehyde gel electrophoresis (22). After electropho- 
resis, RNA was transferred to Nytran filters (0.45 pm) (Schleicher 
and Schuell, Inc., Keene, NH). The filters were prehybridized 
for 1 h at 60°C in a solution of 50% deionized formamide, 5x 
SSPE, 5x Denhardt's reagent, 1.0% SDS, and 200 pg/mL of 
denatured fractionated salmon sperm DNA. Hybridization of 
filters was carried out with fresh prehybridization buffer solution 
containing 2 x lo6 cpm/mL of the appropriate radiolabeled 
probe. The hybridization reaction was carried out at 60°C for 
12-18 h. 

Filters were washed according to the manufacturer's specifi- 
cations. Briefly, this included three low-stringency washes ( l x  
SSPE, 1.0% SDS) at 65"C, a high-stringency wash ( 0 . 1 ~  SSPE, 
1 .O% SDS) at 60°C followed by treatment with RNAse A (10 pg/ 
mL in 2x SSPE) at 37°C for 15 min. The washed filters were 
exposed to Kodak XAR film at -70°C. 

Slot blot hybridization. Aliquots of 5 pg of RNA as measured 
by absorbance at 260 nm were applied to Nytran filters 
(Schleicher and Schuell, Inc.) by using a Bio-Dot SF microfiltra- 
tion apparatus (Bio-Rad Laboratories, Richmond, CA). Before 
application to filters, the RNA was suspended in 7.5x sodium 
chloride-sodium citrate and 13.8% formaldehyde solution and 
heated at 65°C for 15 min. After application, the filter was baked 
in vacuo at 80°C for 1 h. Prehybridization and hybridization of 
filters and autoradiography were carried out as described above. 
The autoradiographs were quantitated by using a Soft Laser 
scanning densitometer (model SL4-20 10; Biomed Instruments, 
Inc., Fullerton, CA). 

Analytical procedures. Cortisol levels were measured by RIA 
(Diagnostic Products Corp., Los Angeles, CA). The level of 
detection of plasma cortisol by this method is 0.1 pg/dL; there- 

fore, this value was assigned to all samples that had undetectable 
concentrations of plasma cortisol. 

Data analysis. For quantitation of mRNA abundance, all 
samples were analyzed together on a single slot blot to control 
for day-to-day variation in hybridization efficiency. Slot blots 
were done in duplicate. Abundance of the specific mRNA was 
expressed as densitometry units. Average values for each animal 
and then for sets of animals in each group were calculated. 
Messenger RNA levels were compared between treatment groups 
at each age by using a two sample t test (23). 

RESULTS 

Fetal sheep were studied at two ages during the last trimester 
of gestation. Four sets of twins were studied at 118 d, which is 
near the beginning of the 3rd trimester (term, 145 d), and three 
sets were studied at 138 d of gestation, before the surge in plasma 
cortisol levels that occurs just before birth (24, 25). Sets of twin 
fetuses were studied so that a paired control was included in each 
experiment. The experimental period lasted for 48 h and was 
begun 5 d after the catheters had been placed in the fetuses. 
Blood samples were obtained immediately before and after the 
cortisol infusion period. 

At the beginning of the infusion period, plasma cortisol levels 
were similar for all sets of twins at both ages (Table 1). Cortisol 
infusion substantially increased plasma cortisol levels in the 
experimental twin, whereas plasma cortisol in the control twin 
remained unchanged. Plasma cortisol levels reached in the test 
twin were similar to cortisol concentrations found in newborn 
lambs at birth (25). 

As shown by Northern blot analysis (Fig. IA), angiotensinogen 
mRNA was only slightly affected by cortisol treatment. Slot blot 
analysis (Fig. 1 B) demonstrated a slight but not statistically 
significant decrease in angiotensinogen mRNA in cortisol-treated 
fetuses at 1 18 d of gestation. On the other hand, angiotensinogen 
mRNA decreased by 6 1 % ( p  < 0.05) in cortisol-treated twins at 
138 d of gestation. 

These results were compared with similar analyses performed 
on other proteins (albumin, prothrombin, and factor IX) pro- 
duced by differentiated hepatic cells. The effects of cortisol 
treatment on albumin mRNA were more pronounced than for 
angiotensinogen mRNA (Fig. 2). Cortisol infusion decreased 
albumin mRNA expression 2.4-fold at 118 d ( p  < 0.05). At 138 
d of gestation, albumin mRNA was decreased 3.4-fold ( p  < 
0.01). 

In marked contrast, levels of prothrombin mRNA were higher 
in cortisol-stimulated animals at both 1 18 and 138 d (Fig. 3). As 
quantified by slot blot analysis, prothrombin mRNA increased 
by 65% ( p  < 0.025) in cortisol-stimulated animals at 118 d and 
by 62% ( p  < 0.05) at 138 d (Fig. 3). To investigate if the increase 
in prothrombin mRNA in response to cortisol treatment repre- 
sented a universal response of all vitamin K-dependent coagu- 
lation proteins, factor IX mRNA levels were also measured in 
control and cortisol-treated fetuses. Northern blot analysis for 
factor IX (Fig. 4) did not demonstrate an increase in factor IX 
mRNA in cortisol-treated. fetuses. Quantitation by slot blot 
analysis confirmed these findings. 

Table 1. Effect of cortisol infusion on plasma cortisol 
concentration* 

Plasma cortisol (nmol/ 100 mL) 

Cortisol-treated Saline-treated 

Age Before After Before After 

* Values are mean + SD. 
t Serum cortisol level was significantly higher after hydrocortisone 

infusion (p  < 0.001) using one-tailed 1 test. 
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138 Days Fig. 1. Effect of glucocorticoids on angiotensinogen mRNA in livers 
of fetal sheep at 118 and 138 d gestational age. A, Representative 
Northern blot analysis of 5 pg of total cellular RNA from glucocorticoid- 
treated (g) and saline control (c) isolated from livers of 1 18- and 138-d 
gestational age lambs. B, Quantitation of angiotensinogen mRNA se- 
quences in glucocorticoid-treated and control animals at 1 18 and 138 d 
gestational age. Slot blots containing 5 pg of total cellular RNA were 
hybridized with 32P-labeled antisense angiotensinogen RNA. Autoradi- 

118 Days 

Fig. 2. Effect of glucocorticoids on albumin mRNA livers of fetal 
sheep at 1 18 and 138 d gestational age. A, Representative Northern blot 
analysis of 5 pg of total cellular RNA from glucocorticoid-treated (g) and 
saline control (c) isolated from livers of 1 18- and 138-d gestational age 
lambs. B, Quantitation of albumin mRNA sequences in glucocorticoid- 
treated and control animals at 1 18 and 138 d gestational age. Slot blots 
containing 5 pg of total cellular RNA were hybridized with 32P-labeled 
antisense albumin RNA. Data were analyzed as described in the legend 
to Figure 1. 

ographs were quantitated by densitometry. The effect of glucocorticoid 
treatment on mRNA abundance was determined by one-tailed t test. 
The data shown indicate the mean and SD for four sets of twins studied 
at 1 18 d and three sets studied at 138 d. 

Prothrombin DISCUSSION 

We have demonstrated that, in contrast to previous findings 
in mature animals in which glucocorticoids increase angiotensin- 
ogen mRNA levels (6, 7), a physiologic increase in fetal plasma 
cortisol concentration decreases liver angiotensinogen mRNA 
accumulation in near-term fetal sheep. This negative effect of 
cortisol in the fetal liver is not universal, because cortisol posi- 
tively regulates prothrombin gene expression without affecting 
expression of the factor IX gene. 

The decrease in angiotensinogen mRNA in fetal sheep liver 
after cortisol stimulation differs from the results of a previous 
study in fetal rats (26). In that study (26), administration of 
pharmacologic doses of dexamethasone to pregnant rats for 5 
consecutive d increased fetal hepatic angiotensinogen mRNA 
levels but had no effect on fetal heart, kidney, and brain angio- 
tensinogen gene expression. Reasons for the differences between 
the present study and the study by Everett et al. (26) are not 
clear but may represent either a different species' response to the 
drugs, different responses to cortisol versus dexamethasone, or 
the use of physiologic versus pharmacologic dosages of steroid. 
In addition, dexamethasone binds to both mineralocorticoid and 
glucocorticoid receptors, whereas cortisol binds preferentially to 
glucocorticoid receptors (27). 

The effect of glucocorticoid in regulating angiotensinogen 
mRNA levels may be dependent on the physiologic state of the 
cell. Thus, in growth-arrested cells, dexamethasone stimulates 
the accumulation of angiotensinogen mRNA, whereas this effect 
is completely inhibited in growth-stimulated cells (28). Therefore, 
one may speculate that the decrease in angiotensinogen mRNA 
response after cortisol infusion during fetal life may be secondary 
to stimulation of growth factors (28). It is interesting that liver 

118 Days 138 Days 

Fig. 3. Effects of glucocorticoids on prothrombin mRNA in livers of 
fetal sheep at 1 18 and 138 d gestational age. A, Representative Northern 
blot analysis of 5 pg of total cellular RNA from glucocorticoid-treated 
(g) and saline control (c) isolated from livers of 1 18- and 138-d gestational 
age lambs. B, Quantitation of prothrombin mRNA sequences in gluco- 
corticoid-treated and control animals at 1 18 and 138 d gestational age. 
Slot blots containing 5 pg of total cellular RNA were hybridized with 
32P-labeled antisense prothrombin RNA. Data were analyzed as described 
in the legend to Figure 1. 
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Fig. 4. Effect of glucocorticoids on factor IX mRNA in livers of fetal 
sheep at 1 18 and 138 d gestational age. A, Representative Northern blot 
analysis of 5 pg of total cellular RNA from glucocorticoid-treated ( g )  and 
saline control (c) isolated from livers of 1 18- and 138-d gestational age 
lambs. B, Quantitation of factor IX mRNA sequences in glucorticoid- 
treated and control animals at 1 18 and 138 d gestational age. Slot blots 
containing 5 pg of total cellular RNA were hybridized with 32P-labeled 
antisense factor IX RNA. Data were analyzed as described in the legend 
to Figure 1. 

angiotensinogen mRNA levels decrease after birth in sheep at a 
time when plasma cortisol levels are high (5). 

The decrease in fetal albumin mRNA levels during cortisol 
infusion is similarly unexpected because dexamethasone stimu- 
lates albumin mRNA synthesis in adults (29, 30). Because the 5' 
flanking region of both albumin and angiotensinogen gene con- 
tains sequences that are homologous to the glucocorticoid bind- 
ing site (3 l), this negative regulation may occur by a common 
mechanism. Negative regulation of gene expression by cortisol 
is not unique, because glucocorticoids inhibit prolactin (32) and 
proopiomelanocortin synthesis (33, 34). 

It is possible that the negative or positive glucocorticoid regu- 
lation of gene expression depends on factors interacting with 
specific DNA sequences on the glucocorticoid regulatory ele- 
ments. For example, it has been suggested that oncogenes such 
as c-jun and cfos may serve as selectors of hormone responsive- 
ness (35). In mice, the presence of c-jun confers a positive 
glucocorticoid effect to the glucocorticoid regulatory element, 
whereas the combination of c-jun and cfos tends to confer a 
negative effect to the same element (35). Additionally, because 
glucocorticoid receptors are themselves developmentally regu- 
lated (36,37), changes in the physicochemical nature of receptors 
during organ maturation may affect the hormonal responsiveness 
of certain genes during fetal life (38). 

Our observation that cortisol infusion modulated fetal pro- 
thrombin mRNA but did not affect angiotensinogen mRNA is 
provocative. Glucocorticoid hormone responsiveness of genes 
such as angiotensinogen most often occurs at the level of tran- 
scription (39). However, the action of glucorticoid hormones is 
not entirely restricted to transcriptional events. Paek and Axel 
(40) have shown that glucocorticoids act posttranscriptionally to 
modulate the level of hGH mRNA by increasing its stability. In 
view of this work, as well as the negative responsiveness of 
angiotensinogen and albumin to glucocorticoids, it will be im- 
portant to determine the exact steps in the synthesis and proc- 

essing of prothrombin mRNA that are affected by glucocorticoids 
in the fetus. 

In summary, our study demonstrates that cortisol inhibits the 
expression of both angiotensinogen and albumin genes in liver 
of fetal sheep. This effect is not universal, however, because 
prothrombin gene expression increases after a rise in fetal plasma 
cortisol concentration. Mechanisms regulating these changes 
have not been investigated. However, one may speculate that 
developmental changes in glucocorticoid receptors and factors 
interacting with specific DNA sequences of the glucocorticoid 
regulatory element may also contribute to the negative regulation 
of angiotensinogen gene expression by cortisol during fetal life. 

Acknowledgment. The authors thank Ruth Hurlburt for her 
editorial assistance. 

REFERENCES 

1. Lee HU, Campbell DJ, Habener JF  1987 Developmental expression of the 
angiotensinogen gene in rat embryos. Endocrinology 121: 1335-1 342 

2. Gomez RA, Robillard JE 1984 Developmental aspects of the renal response to 
hemorrhage during converting-enzyme inhibition in fetal lambs. Circ Res 
54:301-312 

3. Robillard JE, Nakamura KT 1988 Neurohormonal regulation of renal function 
during development. Am J Physiol254:F771-~775 

4. Gomez RA. Cassis L. Lvnch KR. Chevalier RL. Wilfone N. Carev RM. Peach - ,  . , 
MJ 1988 Fetal expression of the angi~tensino~en gene. Endocrinology 
123:2298-2302 

5. Olson AL, Perlman S, Robillard JE 1990 Developmental regulation of angio- 
tensinogen gene expression in sheep. Pediatr Res 28: 183-185 

6. Kalinyak JE, Perlman AJ 1987 Tissue-specific regulation of angiotensinogen 
mRNA accumulation by dexamethasone. J Biol Chem 262:460-464 

7. Kunapuli SP, Benedict CR, Kumar A 1987 Tissue specific hormonal regulation 
of the rat angiotensinogen gene expression. Arch Biochem Biophys 254:642- 
646 

8. Ellison KE, Ingelfinger JR, Pivor M, Dzau VJ 1989 Androgen regulation of 
rat renal angiotensinogen messenger RNA expression. J Clin Invest 83:194 1- 
1945 

9. Nakamura A, Iwao H, Fukui K, Kimura S, Tamaki T, Nakanishi S, Abe Y 
1990 Regulation of liver angiotensinogen and kidney renin mRNA levels by 
angiotensin 11. Am J Physiol 258:EI-E6 

10. Greengard 0 ,  Dewey HK 1970 The premature deposition or lysis of glycogen 
in livers of fetal rats injected with hydrocortisone or glucagon. Dev Biol 
2 1:452-46 1 

1 I .  Greengard 0 1973 Effects of hormones on development of fetal enzymes. Clin 
Pharmacol Ther 14:72 1-726 

12. Chou JY, Wan YJY, Sakiyama T 1988 Regulation of rat liver maturation in 
vitro by glucocorticoids. Mol Cell Biol 8:203-209. 

13. Johnson AC, Lee KL, Isham KR, Kenney FT 1988 Gene-specific acquisition 
of hormonal responsiveness in rat liver during development. J Cell Biochem 
37:243-253 

14. Jennings JJ, Crowley JP 1972 The influence of mating management on fertility 
in ewes following progesterone-PMS treatment. Vet Rec 90:495-498 

15. Robillard JE, Weitzman RE 1980 DeveIopmental aspects of the fetal renal 
response to exogenous arginine vasopressin. Am J Physiol 238:F407-F4 14 

16. Kisker CT, Robillard JE, Bohlken DP 1983 Glucocorticoid stimulation of 
blood coagulation factor activities in the fetal lamb. J Lab Clin Med 10 1569- 
575 

17. Lynch KR, Simnad V, Ben-Ari E, Ganison J 1986 Localization of preangi- 
otensinogen messenger RNA sequences in the rat brain. Hypertension 8540- 
543 

18. Friezner-Degen SJ, MacGillivray RTA, Davie EW 1983 Characterization of 
the complementary deoxyribonucleic acid and gene coding for human 
prothrombin. Biochemistry 22:2087-2097 

19. Kisker CT, Perlman S, Bohlken D, Wicklund B 1988 Measurement of pro- 
thrombin mRNA during gestation and early neonatal development. J Lab 
Clin Med 1 12:407-412 

20. Spitzer SG, Pendurthi UR, Kasper CK, Bejaj SP 1988 Molecular defect in 
factor IXBm Lake Elsinore Substitution of Ala390 by Val in the catalytic 
domain. J Biol Chem 263:10545-10548 

21. Melton DA, Krieg PA, Rebagliati MR, Maniatis T, Zinn K, Green MR 1984 
Efficient in vitro synthesis ofbiologically active RNA and RNA hybridization 
probes from plasmids containing a bacteriophage SP6 promoter. Nucleic 
Acids Res 12:7035-7056 

22. Lehrach H, Diamond D, Wozney JM, Boedtker H 1977 RNA molecular 
weight determinations by gel electrophoresis under denaturing conditions, a 
critical re-examination. Biochemistry 16:4743-4751 

23. Zar JH 1984 Biostatistical Analysis. Prentice-Hall, Englewood CIiffs, NJ pp 1- 
718 

24. Magyar DM, Fridshal D, Elsner CW, Glatz T, Eliot J, Klein AH, Lowe KC, 
Buster JE, Nathanielsz PW 1980 Time-trend analysis of plasma cortisol 
concentrations in the fetal sheep in relation to parturition. Endocrinology 
107:155-159 



260 OLSON ET A L  

25. Alexander DP, Britton HG, Nixon DA, Ratcliffe JG, Redstone D 1973 
Corticotrophin and cortisol concentrations in the plasma of the chronically 
catheterised sheep fetus. Biol Neonate 23: 184-192 

26. Everett AD, Wilfong N, Chevalier RL, Gomez RA 1989 Angiotensinogen gene 
regulation in the fetal and pregnant rat. Am J Hypertens 2:19A(abstr) 

27. Luttge WG, Davda MM, Rupp ME, Kang CG 1989 High affinity binding and 
regulatory actions of dexamethasone-type I receptor complexes in mouse 
brain. Endocrinology 125: 1 194-1203 

28. Chang E, Perlman AJ 1988 Angiotensinogen mRNA. J Biol Chem 2635480- 
5484 

29. Moshage HJ, Kleter BEM, vanpelt JF, Roelofs MJ, Kleuskens JAGM, Yap 
SH 1988 Fibrinogen and albumin synthesis are regulated at the transcrip- 
tional level during the acute phase response. Biochim Biophys Acta 950:450- 
454 

30. Weiner FR, Czaja MJ, Giambrone MA, Takahashi S, Biempica L, Zem MA 
1987 Transcriptional and posttranscriptional effects of dexamethasone on 
albumin and procollagen messenger RNAs in murine Shistosorniasis. Bio- 
chemistry 26: 1557-1 562 

31. Ohkubo H, Nakayama K, Tanaka T, Nakanishi S 1986 Tissue distribution of 
rat angiotensinogen mRNA and structural analysis of its heterogeneity. J 
Biol Chem 261:319-323 

32. Camper SA, Yao YA, Rottman FM 1985 Hormonal regulation of the bovine 
prolactin promoter in rat pituitary tumor cells. J Biol Chem 260:12246- 
1225 1 

33. Charron J, Drouin J 1986 Glucocorticoid inhibition of transcription from 
episomal proopiomelanocortin gene promoter. Proc Natl Acad Sci USA 
83:8903-8907 

34. Ebenuine JH, Roberts JL 1984 Glucocorticoid regulation of proopiomelano- 
cortin gene transciption in the rat pituitary. J Biol Chem 259:2166-2170 

35. Diamond MI, Miner JN, Yoshinaga SK, Yamamoto KR 1990 Transcription 
factor interactions: selectors of positive or negative regulation from a single 
DNA element. Science 249: 1266-1272 

36. Feldman D 1974 Ontogeny of rat hepatic glucocorticoid receptors. Endocri- 
nology 95:1219-1227 

37. Giannopoulos G 1975 Ontogeny of glucocorticoid receptors in rat liver. J Biol 
Chem 2505847-585 1 

38. Kalimi M, Gupta S 1982 Physicochemical characterization of rat liver gluco- 
cortiocid receptor during development. J Biol Chem 257:13324-13328 

39. Bumstein KL, Cidlowski JA 1989 Regulation of gene expression by glucocor- 
ticoids. Annu Rev Physiol 5 1:683-699 

40. Paek I, Axel R 1987 Glucocorticoids enhance stability of human growth 
hormone mRNA. Mol Cell Biol7:1496-1507 

Announcement 
Pediatric Board Review 

The Office of Continuing Medical Education of the University of Michigan Medical School is sponsoring an 
upcoming conference entitled "Pediatric Board Review." The conference will be held October 7-12, 1991 at the 
Towsley Center, Ann Arbor, MI. The course director is Ratnaker Kini, M.D., Program Director, Wayne Oakland 
Adolescent Medical Program; Director of Pediatric Education, Mt. Camel Hospital; and Clinical Assistant 
Professor, University of Michigan. The full course qualifies for 59 hours of category 2A AOA credits. For further 
information, please contact the registrar: Julie Jones, Towsley Center for Continuing Medical Education, 
Department of Post Graduate Medicine, The University of Michigan Medical School, P.O. Box 1157, Ann 
Arbor, MI 48 106-9869, (3 13) 763- 1400. 


	Negative Regulation of Angiotensinogen Gene Expression by Glucocorticoids in Fetal Sheep Liver
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	REFERENCES




