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Abstract 
It has been well documented that a sign&ant proportion of chronic anovulatory patients have elevated levels of 

dehydroepiandrosterone sulfate (DHEAS) and h&&izing hormone (LH) and normal levels of adrenocorticotropic hormone 
(ACTH). We tested the hypothesis that the zones of human adrenal cortex that secrete DHEAS may contain LH/human chorionic 
gonsdotropin (hCG) reqtors. In situ hybridization showed the presence of hybridization signals representing LH/hCG receptor 
mRNA transcripts in the zona reticularis. Imnmnocytochemistry demonstrate that the zona reticularis also contained LH/hCG 
rewptor pmtein. ‘Ibs rece@or transcripts and receptor protein are also present in the deeper layer of the ulna fasciculata which 
can also secrete DHEAS. Double immmostaining revealed that LH/hCG receptors are present in the same cells that contain 
cytoohrome P450 side chain cleavage enzyme, suggesting that the receptor containing cells are steroidogenic. These findings may 
potentially explain higher DHEAS levels in chronic anovulatory women who have normal ACTH and elevated LH levels. 

Introduction 

Human adrenal glands contain structurally and 
functionally distinct layers of cottex and medulla (1). The 
cortex contains morphologically and functionally distinct 
zona glomemlosa which secretes miueral~orticoids, zona 
fasciculata which secretes glucocorticoids and androgens 
and zma reticularis which secretes androgens (1). 
Angiotensin II regulates the steroidogenesis in the zona 
glomemlosa and adrenocorticotropic hormone (ACTH) 
regulates the steroidogenesis in the zona fasciculata and 
reticularis (1). Dehydroepiandrosterone sulfate (DI-IEAS) 
is a weak amlrogen prim&y secreted by the adrenals (2,3). 
The changes in DHEAS levels are not always accompanied 
by similar changes in ACTH (4-7). Therefore, it was 
suggested that other hormones may regulate the secretion of 
DHEAS (8,9). A significant proportion of chronic 
anovulatory patients have elevated levels of DHEAS and 
LH and normal levels of ACTH (6,10). This finding raises 
a suspicion that LH may stimulate adrenals to secrete 
higher levels of DHEAS. In fact, hCG, a structural aud 
functional homolog of LH, can stimulate the secretion of 

amlrogens in cells isolated from guinea pig adrenals which 
are considered very similar to human adrenals in 
morphology and function (11). Moreover, hCG is a known 
stimulator of DHEAS secretion by human fetal adrenal 
glands during early pregnancy (12). These two findings 
suggest that adrenal zones that secrete DHEAS may 
possibly contain LH/hCG receptors. The possibility that 
human adrenals may have the LH/hCG receptors was 
strengthened by several recent studies which demonstrated 
that mauy human nongonedal tissues also contain functional 
LH/hCG receptors (13-25). In the present study, we 

*Correspondence and reprint requests 

investigated adult human adrenals for LH/hCG receptors by 
in situ hybridization and immunocytochemistry. 

Materials and Methods 

ParaIEn embedded blocks of four male and eight female 
human adrenal glands were obtained from the Pathology 
departments of hospitals aftiliated with the University of 
Louisville School of Medicine. 

In situ hybridization was performed using “S labeled 
riboprobes transcribed from a full length porcine LH/hCG 
receptor cDNA obtained from Dr. H. Loosfelt at Hopital 
Bicetre, France. Hybridization with “S labeled sense 
&oprobe served as a control. Additional details regarding 
the procedure have been previously described (15). 

Immunocytochemistry was performed by an avidin 
immunoperoxidase method using a 1:350 dilution of 
polyclonal LH/hCG receptor antibody raised against a 
synthetic N-terminus amino acid sequence of 15-38 (15). 
The antibody and the corresponding synthetic receptor 
peptide were obtained from Dr. Patrick Roche from the 
Mayo Clinic, Rochester, MN. For the procedural controls, 
either the receptor a&body was preabsorbed with excess 
receptor peptide or unabsorbed receptor antibody was 
omitted or replaced with nonspecific IgG. 

Double immunostaining was performed using 1:500 and 
1300 dilutions of antibodies to cytochrome P450 side chaiu 
cleavage enzyme and LH/hCG receptors, respectively. The 
polyclonal antibody raised against the human cytochrome 
P450 side chain cleavage enzyme was obtained from Dr. 
Walter Miller from the University of California, San 
Francisco, CA. The sections were first immunostained for 
cytochrome P450 side chain cleavage enzyme using 5-bromo- 
4-&loro-3-indolyl phosphate/Cnitro blue tetrazolium as the 
sub&ate for the enzyme, which gave a bhte color. Then the 
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Fig. 1. In situ hybridization (A to C) and immunocytochemistry (D to F) for LH/hCG receptors and double immunostaining 
for LH/hCG receptors and cytochrome P450 side chain cleavage enzyme (G & H) in human adrenals. C is a sense in situ 
hybriduxtion control and F is a pm&sorption immunostaining control. The space between arrowheads in A and D represents 
the approximate area of the deeper layer of zona fasciculata. In G & H, the blue color represents cytochrome P450 side chain 
cleavage enzyme and the brown color represents LH/hCG receptors. The following abbreviations are used: ZG=zona 
glomerulosa; ZF=zona fasciculata, ZR=zona reticularis; M=adrenal medulla. Mag=A, D & F= 150 X; B & C=600 X; 
G=3OOX;E&H=l,SOOX 
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sections were immunostained for Ll-VhCCl receptors using 
diaminobenzidine Q the substrate for the enzyme, which 
gaveabrowncoku. Therestofthedetailsarethesameas 
previously descrii (23). 

Results 

We tirst performed in situ hybridization for LH/hCG 
receptor mBNA transcripts in human adrenal sections. As 
shown in Fig. lA, the deeper layer of the zona fasciculata 
and the entire zona reticularis contained hybridization 
signals when ‘3 antiseme rllprobe transcrii from a full 
length porcine Ll-UhCG receptor cDNA was used. The 
zona glomerulosa and the adrenal medulla, on the other 
hand, contained very few or no hybridization signals. A 
higher magnification picture demonstrates that the cells in 
the zma reticularis, but not intercelhdar connective tissue, 
contain hybridization signals (Fig. 1B). In situ 
hybridization with lrrS sense riiprobe used for a control 
showed no signals (Fig. 1C). A nonradioactive method of 
iu situ hybridimtion using a fhtorescein II-UTP labeled 210 
base antisease or sense riiprobes tmnscribed from human 
LH/hCG reqtor cDNA also gave similar results (data not 
shown). 

We next performed immunocytochemistry for LH/hCG 
xeceptor pmtein. As shown in Fig. lD, immunostaining is 
pmsentinthedeeperlayerofzonafasciculataandtheentire 
zona reticularis, but not in the zona glomemlosa or the 
medulla. A higher magnification picture demonstrates that 
the cells, but not intercellular connective tissue, contain 
receptor imm~ostaining (Fig. 1E). -receptor . . 

stammg was abaat when the receptor an&ody was 
pteabsoti with excess receptor peptide (Fig. 1F) or when 
the unabsorbed receptor antibody was omitted or replaced 
with nonspecific IgG during the immunostaining procedure 
(data not shown). 

We finally performed double immunostaining for 
cytochrome P450 side chain cleavage enzyme and LH/hCG 

recsptors to determine whether the receptors are present in 
the ster~id~genic dls. Figs. 1G and H show that the blue 
color, representing cytochrome P450 side chain cleavage 
enzyme, is present in the same cells that contain brown 
color, representing LH/hCG receptors. 

Discussion 

The present study was mainly prompted by the clinical 
paradox seen in a sign&ant proportion of chronic 
anovulatory women who have elevated levels of DHEAS 
and LH and normal levels of ACTH (6,10). lf the zona 
reticularis of adrenals was to contain LHlhCG receptors, 
then elevated LH levels could stimulate adrenals to secrete 
greater amounts of DHEAS. The possibility that the 
adrenal cortex may contain LlWhCG receptors was 
strengthened by the findings that hCG alone or in 
combination with low levels of ACTH, coukl stimulate the 

secretion of androgens by isolated guinea pig adrenal cells 
(11). In add&ion, it is well known that hCG cau stimulate the 
secretion of DHBAS in human fetal adrenals during early 
pregnancy (12). The hCG effects, either in fetal or adult 
adrenals, suggest that LH/hCG receptors might be present, 
but to our knowledge, no one has ever investigated adrenals 
for the presence of LH/hCG receptors. 

Due to the lack of availability, we could not investigate 
fresh adult buman adrenal tissue for the presence of LH/hCG 
receptors. Therefore, we had to use pa&tin embedded 
tissue blocks of adult hmnan adrenal glands. The blocks 
came from men and women who died of causes that were 
unrelated to any adrenal disease. The results of in situ 
hybridization and immunocytochemistry experiments 
~~thatunareticularisendthedeeperlayerofthezona 
fasciadata codain LH/hCG receptor transcripts and protein. 
The use of porcine and humsn probes gave similar in situ 
hybridizationresults. This receptor distribution is specific as 
the zona glomemlosa, the upper layer of zona fasciculata or 
the adrenal medulh did not contain detectable LH/hCG 
receptor transcripts or receptor protein. Moreover, the 
procedural controls demonstrated the absence of 
hybridization signals or immunostainiug in the zona 
reticularis and the deeper layer of the zona fasciculata. 

Double irmnmostaining confhmed that the LHihCG receptor 
containing cells are steroidogenic. Because of the small 
sample size, we cannot draw any conclusions concerning sex 
diRerences in adrenal LH/hCG receptors. 

We were unable to investigate adrenals of chronic 
anovulatory women for LH/hCG receptors. Nevertheless, 
the presmce of Ll9hCG receptors in the zona reticularis and 
the deeper layer of the of the ulna fasciculata may possibly 
explain higher levels of DHEAS in chronic anovulatory 
women who have elevated LH and normal ACTH levels. ln 
addition, the finding that the deeper layer of the zona 
fasciculata, which can also secrete cortisol, contains LH/hCG 
receptors may also posstbly explain the ability of hCG to 
stimulate cortisol secretion in guinea pig adrenal cells (11). 

ACTH is not responsible for incmased secretion of adrenal 
androgens during adrenarche (26). However, which 
hormonm are responsible is not known. Now that we know 
the zona reticularis contains LlUhCG receptors, it will be 
interesting to reinvestigate whether LH is responsible for 
increased secretion of DHEAS, at least in some cases of 
normal or premature adrenarche. 1twillbequally 
intahng to determine whether hCG is capable of affecting 
DHEAS aud cortisol secretion by maternal adrenal glands 
during pregnancy and the functional relevance of LH/hCG 
receptors in male adrenal glands. 

In summary, we conclude that the steroidogenic cells in 
the entire ulna reticularis and the deeper layer of ZOM 

fasciculata contain LH/hCG receptors. These flndings may 
pcdentially explain increased secretion of adrenal audrogens 
in chronic anovulatory women. 

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/jc
e
m

/a
rtic

le
/8

1
/6

/2
3
9
7
/2

8
7
5
5
2
1
 b

y
 U

.S
. D

e
p
a
rtm

e
n
t o

f J
u
s
tic

e
 u

s
e
r o

n
 1

6
 A

u
g
u
s
t 2

0
2
2



2400 RAPID COMMUNICATIONS JCE & M . 1996 
Vol81.No6 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

References 

LiddIe GW 1981. The adrenals. In: Williams RH ed. 
Textbook of endocrinology. 6th ed. Philadelphia: W. 
B. Saunders Co; 249-290. 
N&&lag E, Loriuux DL, Ruder &I, Zucker IR, 
Kirschner MA, Lip&t MR 1973 The secretion of 
dehydroepiandrosterone and dehydrcepiandrosterone 
sulfate in man. J Endocr 57: 123-134. 
Abraham GE 1974 Ovarian and adrenal contribution 
to peripheral androgens during the menstrual cycle. J 
Cliu Endocrinol Metab 39:340-346. 
Apter D, Pakarinen A, Hammond AL, Vikho R 
1979 Adrenocortical function in puberty. Acta 
Paediatr Scaud 68:599-604. 

Warne AL, Carter JN, Faiman C, Reyes FI, Winter 
JSD 1979 The relationship of adrenal androgens to the 
secretory patterns for cortisol, prolactin, and growth 
hormone during puberty. Pediatr Res 13:211-213. 
Chaq RJ, Mandel FP, Wolfsen AR, Judd HL 1982 
Circulating levels of plasma adrenocorticotropin in 
polycystic ovary disease. J Clin Endocrinol Metab 
54: 1265-1267. 
L&o RA, Granger LR, Paul W, Goebelsmaun U, 
Mishell DR Jr 1983 Psychological stress and 
increases in urinary norephinephrine metabohtes, 
platelet serotonin, and adrenal androgens in women 
with polycystic ovary rgdrome. Am J Obstet Gynecol 
145:4%-503. 
Parker LN, OdeU WD 1980 Control of adrenal 
androgen secretion. Endocr Rev 1:392410. 
Skhu CA, Kaplan SL, Grumbacb MM 1980 
Evidence for dissociation between adrenarche and 

gonadarche: studies in patients with idiopathic 
precocious puberty, gonadal dysgenesis, isolated 
gonadotropin deficiency, and constitutionally delayed 
growth and adolescence. J Clin Endocrinol Metab 
51:548-556. 
Hoffman DI, glove K, L&o RA 1984 The 
prevalence and significance of elevated 
dehydroepiandrosterone sulfate levels in anovulatory 
women. Fertil St&l 42:76-81. 

11. O’Connell Y, McKenna TJ, Cunningham SK 1994 
The effect of pro&in, human chorionic gonadotropin, 
insulin and insulin-like growth factor 1 on adrenal 
steroidogenesis in isolated guinea-pig adrenal cells. J 
Steroid Biochem Mol Biol 48:235-240. 

12. Serou-Ferre M, Lawrence CC, Jaffe RR 1978 
Role of hCG in regulation of the fetal zone of the 
human fetal adrenal gland. J Chn Endocrinol Metab 
46~834-837. 

13. Reshef E, Lei ZM, Rao ChV, Pridham D, Cbegini 
N, L&or&y JL 1990 The presence of gonadotropin 
receptors iu nonpregnant human uterus, human 
placenta, fetal membranes, and decidua. J Clin 
Endocrinol Metab 70:421-430. 

14 LicbtP,CaoH,I.&iZM,RaoChV,MenWM1993 

Novel self-regulation of human chorionic gonadotropin 
biosynthesis in term pregnancy human placenta. 
Endocrinology 133:3014-3025. 

15. Lei ZM, Rao ChV, Kornyei JL, Licht P, Hiatt ES 
1993 Novel expression of human chorionic 
gonadotropin/htteinizing hormone receptor gene in 
brain. Endocrinology 132:2262-2270. 

16. Lei ZM, Teth P, Rae ChV, Pridham D 1993 Novel 
co-expression of human chorionic gonadotropin/human 
luteinizing hormone receptors and their hgand hCG in 
human fallopian tubes. J Clin Endocrinol Metab 
72863-871. 

17. Rao ChV, Li X, Totb P, Lei ZM, Cook VD 1993 
Novel expression of functional human chorionic 
gonadotropin/human lute&& hormone receptor gene 
in human umbilical cords. J Clin Endocrinol Metab 
77:1706-1714. 

18. Toth P, Li X, Rao ChV, Lincoln SR, Sanfiippo JS, 
Spimmto JA, Yussman, MA 1994 Expression of 
functional human chorionic gonadotropin/human 
htteinizing hormone receptor gene in human uterine 
arteries. J Chn Endocrinol Metab 79:307-315. 

19. Lei ZM, I&r ChV 1994 Novel presence of luteinizing 
hormone/human chorionic gonadotropin @CC) 
receptors and the down-regulating action of hCG on 
gonadotropin releasing hormone gene expression in 
immortalized hypothalamic GTl-7 neurons. Mol 
Endocrinol 8:1111-1121 

20. Eta E, Ambrus G, Rae ChV 1994 Direct regulation 
of human myom&rial contractions by human chorionic 
gonadotropin. J Clin Endocrinol Metab 79:1582-1586 

21. Ambrus G, Rae ChV 1994 Novel regulation of 
pregnant human myometrial smooth muscle cell gap 
junctions by human chorionic gonadotropin. 
Endocrinology 135:2772-2779 

22. Lm J, Lojun S, Lei ZM, Wu WX, Peiper SC, Rao 
ChV 1995 Lymphocytes from pregnant women express 
human chorionic gonadotropin/luteinizing hormone 
receptor gene. Mol Cell Endocrinol lll:R13-R17. 

23. Tao Y-X, Lei ZM, Hofmann GE, Rao ChV 1995 
Human intermediate trophoblasts express chorionic 
gonadotropi&luteinizing hormone receptor gene. Biol 
Reprod 53:899-904. 

24. T&h P, Li X, Lei ZM, Rae ChV 1996 Expression of 
human chorionic gonadotropin (hCG)/luteinizing 
hormone (LH) receptors and regulation of 
cyclooxygenase-1 gene by exogenous hCG in human 
fetal membranes. J Clin Endocrinol Metab 81:1283- 
1288. 

25. Hao SW, Lei ZM, Rae ChV 1996 Upregulation of 
cyclooxygeuase-2 gene expression by chorionic 
gonadotropin during the differentiation of human 
endometrial stromal cells into decidua. Endocrinology 
137:1791-1797. 

26. Parker LN 1991 Adrenamhe. Endocrinol Metab Clin 
North America 20:71-83. 

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/jc
e
m

/a
rtic

le
/8

1
/6

/2
3
9
7
/2

8
7
5
5
2
1
 b

y
 U

.S
. D

e
p
a
rtm

e
n
t o

f J
u
s
tic

e
 u

s
e
r o

n
 1

6
 A

u
g
u
s
t 2

0
2
2


