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Summary. In a series of  39 adenomas from patients with 
the clinical hyperfunction syndrome of  acromegaly and 
in one from a case of  prolactinoma we studied the 
m R N A  expression of growth hormone (GH), prolactin 
(PRL) and fl-human chorionic gonadotropin (HCG) by 
using the technique of in situ hybridization (ISH). This 
technique allows the direct identification and localiza- 
tion of  cells expressing m R N A  and thus synthesizing 
the respective hormone. The aim of  our study was to 
demonstrate the frequent co-expression of  PRL m RN A  
and HCG m R NA in pituitary adenomas of acromegalic 
patients. Probes for ISH of  the above-mentioned hor- 
mones were obtained by subcloning cDNA fragments 
into pGEM plasmids. Subsequent Sp6-polymerase cata- 
lysed in vitro transcription with 35S-CTP revealed radio- 
labelled single-stranded antisense RNA probes [the 
probe for f lHCG detects fi-luteinizing hormone (flLH) 
simultaneously because of  a sequence homology of  
90%]. To localize the labelled hybrids, autoradiography 
was carried out. Light microscopical evaluation of  the 
tissue sections demonstrated positive signals in all cases 
for GH, in 80% of  cases for PRL and in 25% of  cases 
for H C G  [LH] mRNA. The comparison of m R N A  con- 
tent shown by ISH with immunocytochemical (ICC) 
hormone detection revaled that in all cases the detection 
of  G H  corresponded to G H  mRNA content of  the cells. 
For PRL and H C G  [LH] positive m R N A  detection 
(ISH) and negative hormone detection (ICC) occurred 
in some cases (PRL 17.5%; H C G  [LH] 15%). In con- 
trast, negative m R N A  detection (ISH) and positive hor- 
mone content (ICC) was also demonstrated (PRL 5%; 
H C G  [LH] 37.5%). The remaining adenomas showed 
both mR NA and the respective hormone, as well as neg- 
ative ISH and ICC. 

* Presented in part at the annual meeting of the "Deutsche Gesell- 
schaft f/ir Pathologie", Aachen, June 1990 

Offprint requests to: W. Saeger 
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Introduction 

In the surgical pathology of  pituitary adenomas immuno- 
cytochemical demonstration of  hormones is commonly 
carried out. However, a certain amount  of  immunoreac- 
tive peptide must be present for a positive reaction, 
which depends on peptide synthesis, secretion, intracel- 
lular transport,  peptide degradation, and possibly pep- 
tide phagocytosis (H6fler 1987). Immunocytochemistry 
(ICC) only allows the visualization of  the amount  of  
cell product  present but gives no data on current peptide 
synthesis. In contrast, the detection of specific hormone- 
coding messenger RN A  (mRNA) by in situ hybridiza- 
tion (ISH) allows the identification and localization of  
individual cells, which are synthesizing the specific pep- 
tide. 

In this report we used single-stranded cRNA probes 
specific for growth hormone (GH), prolactin (PRL) and 
human chorionic gonadotropin (HCG) [LH] m R N A  in 
the tissue sections. Our aim was to demonstrate the fre- 
quent co-secretion and co-expression of  PRL in pituitary 
adenomas of  patients suffering from acromegaly as 
shown in recent studies (Barkan 1989; Lloyd et al. 1989). 
Other studies have demonstrated the expression of  gona- 
dotropins in pituitary adenomas by Northern blotting 
(Jameson et al. 1986), so we decided to confirm and ex- 
tend these results using ISH techniques. 

Materials and methods 

Subcloning was performed using techniques described by Maniatis 
et al. (1982) and ISH was carried out as described by Fehr et al. 



c
~

 

,~
 

~
l 

~
o

 ~ 

~ 
~

o
 ~

 
~ 

I 
I 

ol
 

~ 
~ 

~ 
~ 

i 
I 

o ~ 
~

o
 ~

 
~ 

~ 

~ 
~ 

i 
i 

~ 
~ 

~ 
~

l 
o ~ 

I 
I 

~
l

 
I 

i 
~ 

~
o

 ~ 
~ 

o ~ 
o

~
 

~ 
§ 

0 

._
J 



Tab le  1 ( c o n t i n u e d )  

I S H  

+ + +  + +  + ( + )  

p e r c e n t a g e s  o f  a d e n o m a  cells 

20 P R L  1 - 1 1 
H C G / L H  . . . .  

G H  - - 5 25 

21 P R L  . . . .  
H C G / L H  . . . .  

G H  --  10 90 --  
22 P R L  3 10 20 17 

H C G / L H  . . . .  

G H  5 5 15 70 

23 P R L  1 1 --  - 
H C G / L H  . . . .  

G H  - - - 2 

24 P R L  . . . .  
H C G / L H  . . . .  

G H  --  - - 30 
25 P R L  1 1 3 10 

H C G / L H  - -- -- 1 

G H  - - 2 90 
26 P R L  . . . .  

H C G / L H  . . . .  

G H  30 20 45 5 

27 P R L  . . . .  

H C G / L H  . . . .  

G H  - - 30 70 
28 P R L  - 1 --  --  

H C G / L H  - --  --  1 

G H  --  5 10 85 

29 P R L  2 2 3 3 

H C G / L H  --  --  --  1 

G H  - 5 55 45 

30 P R L  5 20 40 30 
H C G / L H  . . . .  

G H  --  15 30 50 
31 P R L  5 40 30 15 

H C G / L H  . . . .  

G H  5 15 60 20 

32 P R L  1 1 8 5 
H C G / L H  --  - 1 --  

G H  5 10 75 10 

33 P R L  15 25 30 20 
H C G / L H  - - 1 - 

G H  --  - 80 20 
34 P R L  --  1 1 --  

H C G / L H  . . . .  

G H  10 10 --  80 

35 P R L  15 10 25 10 

H C G / L H  . . . .  

G H  5 15 60 10 

36 P R L  1 2 1 2 

H C G / L H  . . . .  

G H  - --  5 90 

37 P R L  . . . .  
H C G / L H  . . . .  

G H  - --  2 88 
38 P R L  - --  1 1 

H C G / L H  . . . .  

G H  --  5 90 5 

I C C  

+ + +  + + +  

S e r u m  

level 

p e r c e n t a g e s  o f  a d e n o m a  cells 

97 --  5 - -  

1 0 0  - -  - -  - -  

7 0  10 10 10 
100 - -  - -  - -  

1 0 0  - - -  - -  

- -  30 10 10 

50 --  5 --  
100 5 3 - 

5 50 20 10 

98 - --  --  

100 60 5 5 

98 30 10 10 

100 - -  - - -  

I 0 0  - -- -- 

7 0  50 20 20 
85 5 5 - 

99 - - - 

8 - 10 10 

I00 - - - 

1 0 0  - - - 

- -  30 20 10 

I00 - - - 

1 0 0  - - - 

- 30 10 10 
99 2O 10 - 

99 10 --  - -  

- 30 40 - 

9 0  --  5 1 

99 2O 20 10 

-- I0 10 10 

5 20 10 5 
100 - - - 

5 20 10 10 
10 5 10 5 

100 10 2 - 

- 10 40 4O 

85 60 - - 

99 5 5 - 

- 30 30 20 

10 5 2 - 

99 - - - 

20 60 10 

98 - - - 
100 10 10 80 

- -  30 30 30 
40 -- 10 -- 

100 20 20 - 

10 70 10 - 

95 5 5 - 
100 30 2O 10 

5 20 10 5 

I00 I0 -- -- 

1 0 0  20 -- -- 

10 n o t  d o n e  

98 n o t  d o n e  

100 n o t  d o n e  

- 1 0  1 0  5 

11.9 
12.3 

8.3 
15.4 

150 

36.4 

26.4 

70.2 

14.8 

4.5 

> 7 5  
1.1 

165 

19.8 

157.3 

36.3 

48.2 

22.3 

1%4 

3.3 

11.7 

37.9 

4.1 

8.6 

88.9 

7.7 

9.3 

55.1 

Sex 

541 

A g e  T u m o u r  

size 

f 48 M 

f 34 M 

f 54 M 

f 36 M 

m 54 M 

m 37 M 

f 60 M 

m 55 M 

f 35 M 

f 50 M 

f 42 M 

f 58 M ( P )  

m 47 M 

f 53 m 

m 30 M 

m 45 M 

f 54 m 

m 43 m 

f 30 M 
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Table 1 (continued) 

ISH ICC Serum Sex Age Tumour 
level size 

+ + +  + +  + ( + )  -- + + +  + + +  

percentages of adenoma cells percentages of adenoma cells 

39 PRL -- - 5 15 80 -- 1 -- 2.6 f 46 M(P) 
HCG/LH . . . .  100 . . . .  

GH - -- 2 70 28 5 3 -- 59.3 
40 PRL 20 10 50 15 5 30 10 5 292 f 41 M 

HCG/LH - - 1 - 99 . . . .  

GH, Growth hormone; PRL, prolactin; HCG, human chroionic gonadotropin; LH, luteinizing hormone 
Normal range: G H < 2 . 5  p.1; PRL2 15 gg/1 (m); PRL3 26 gg/1 (f); PRL2-19 gg/1 (f; post-menopause) 
Tumour sizes : 
m, microadenoma (<  10 ram) 
M, macroadenoma (>  10 mm) 
(P), patients were preoperatively treated with dopamine agonists; (S), preoperative treatment with somatostatin; *pre-operative serum 
range not available 
+ + + ,  Very dense silver grains or high immunocytochemical reactivity; + + ,  dense silver grains or medium immunocytochemical 
reactivity; + ,  low density of silver grains or low immunocytochemical reactivity; (+) ,  very low density of silver grains or very low 
immunocytochemical reactivity; - ,  No silver grains or no immunocytochemical reactivity 

(1987). During the whole procedure precautions were taken to 
avoid RNase contamination. 

Adenomas from 18 male and 22 female patients aged between 
27 and 62 were removed by transnasal microsurgery at the Depart- 
ment of Neurosurgery, University of Hamburg (Dr. Ltidecke). Ali- 
quots of tissues were shock frozen on dry ice immediately after 
removal and stored at - 7 0  ~ C until they were used for ISH. Other 
aliquots were fixed in formalin and embedded in paraffin for struc- 
tural analysis. ICC was performed with the following antibodies: 
anti-GH 1 : 500 (Dako, Hamburg, FRG), anti-PRL 1 : 300 (Dako), 
anti-LH 1 : 800 (Dako) and anti-C/HCG 1 : 100 (Dako). 

Restriction enzymes, Sp6-RNA polymerase, and bacterial strain 
Escherichia coli DH5c~ came from BRL (Eggenstein, FRG). Plas- 
raids pXH3C (Talmadge et at. 1984), pGH6 (Goeddel et al. 1979) 
and pBR322 containing the cDNA encoding PRL (Cooke et al. 
1981) were obtained from ATCC (Rockville, Maryland, USA). 
pGEM vectors were from promega Biotec (Heidelberg, FRG), the 
transcription kit from Amersham (Braunschweig, FRG). Most 
chemical equipment was from Merck (Darmstadt, FRG), antibiot- 
ics from Hoechst (Frankfurt/M, FRG) and Sigma (Deisenhofen, 
FRG). X-ray films (Cronex 4 NIF100) came from Du Pont (Bad 
Homburg, FRG), NTB-3 emulsion from Kodak. c~-[35S]-CTP was 
obtained from Amersham. 

E. coli clone pGH6 (Goeddel et al. 1979) containing 590 bp 
cDNA encoding GH, clone pBR322 (Cooke et al. 1981) containing 
960 bp PRL-encoding cDNA and clone pXH3C (Talmadge et al. 
1984) bearing 4.3 kb genomic D N A  coding for ]~HCG-5 were 
grown in x 1776 medium. Plasmid isolation was performed as de- 
scribed previously (Maniatis et al. 1982). 

The following restriction fragments were cloned into pGEM 
vectors : pGH6 EcoRI/RsaI fragment of 316 bp, pBR322 AccI/Xbal 
fragment of 248 bp and pXH3C SmaI/PstI fragment of 267 bp 
followed by transformation into E. coli DH5c~ (Hanahan 1983). 
After plasmid isolation by caesium gradient centrifugation the new 
clones named pGEMZ-39 (GH), pGEM-38 (PRL) and pGEMZ-37 
(/~HCG-5) were tested by mini-preparation (Birnboim and Doly 
1979) and digestion with EcoRI/HindIII. After sequencing the plas- 
mid inserts (T7 sequencing Kit; Pharmacia, Uppsala, Sweden) and 
comparison with published sequences the clones were used for 
probe preparation. 

After linearization of the plasmids with HindIII, labelled probes 
were obtained by in vitro transcription with Sp6-polymerase and 
c~-[35S]-CTP as a label. The specific activities of the resulting single 
stranded cRNAs were between 5.7 and 6.3 • l08 c p m / g g .  

Tissue sections (5-6 gin) were cut on a Leitz 1720 cryostat at 
--20 ~ C. Sections were mounted on 3-aminopropyltriethoxysilane- 
coated slides (Rentrop et al. 1986) and stored at - 7 0  ~ C. 

ISH was performed as described previously (Fehr et al. 1987; 
for more details see Uhlig 1991). Briefly, slides were fixed with 
freshly prepared 4% paraformaldehyde in phosphate-buffered sa- 
line (PBS) for 5 min, washed twice in PBS, dehydrated in 60%, 
80%, 95%, 100% ethanol for 5 min each and air dried. 

One millilitre of prehydridization buffer containing 50% deion- 
ized formamide, 0.025 M EDTA, 0.025 M PIPES pH 6.8, 0.75 M 
NaCI, 0.2% SDS, 5 x Denhardt's, 10 mM dithiotreitol, 250 gg/ml 
denatured herring sperm DNA and 250 gg/ml yeast tRNA was 
applied to each slide. Slides were placed flat into moist chambers 
lined with 50% formamide-soaked filter paper and incubated for 
3 h at 50 ~ C. Prehybridization buffer was drained off and 70 gl 
hybridization buffer containing 10% dextransulphate and 4 ng 
probe (1.7 • 10  6 cpm) was applied to the tissues in addition. Sec- 
tions were covered with coverslips and ISH was carried out in 
the moist chambers (tape-sealed) for 16 h at 50 ~ C. 

Coverslips were removed and slides were washed twice in 4 x 
SSC containing 20 mM /~-mercaptoethanol. Then slides were 
washed twice (each 5 min) in 4 x SSC and placed into buffer con- 
taining 0.5 M NaC1, 10 mM Tris-HC1 pH 7.4, 1 mM EDTA and 
40 mg/ml RNase A (Boehringer, Mannheim, FRG) and incubated 
at 37 ~ C for 30 min. Slides were washed in the same buffer without 
RNase A for 30min at 37~ and twice in 2 x S S C  for 15min 
at 50 ~ C. Slides were dehydrated through 60%, 80%, 95%, 100% 
ethanol and air dried. 

Autoradiography was carried out by dipping the slides into 
Kodak NTB-3 nuclear track emulsion at 42~ and developing 
the autoradiograms with Kodak chemicals after 5-15 days' expo- 
sure at 4 ~ C. Some sections were counterstained with haematoxylin 
and eosin before they were coverslipped with Entellan. 

Results 

T h e  m a j o r  c l in ica l  d a t a  o f  t he  p a t i e n t s  i n c l u d e d  in this  
r e p o r t  a re  s u m m a r i z e d  in  Tab l e  1. T h e  t u m o u r s  were  
c lass i f ied  as u n d i f f e r e n t i a t e d  a c i d o p h i l i c  p i t u i t a r y  ad-  
e n o m a s  (cases  1-27) ,  h i g h l y  d i f f e r e n t i a t e d  G H - c e l l  ad-  
e n o m a s  (cases  28 37), l a rge-ce l l  c h r o m o p h o b i c  p i t u i t a r y  
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Fig. 1. Undifferentiated acidophilic pi- 
tuitary adenoma (case 15). Positive 
cells ranging from (+) to + + +. In 
situ hybridization for GH mRNA (au- 
toradiography). • 225 

Fig. 2a. Highly differentiated GH-cell 
adenoma (case 30).Negative cells, and 
positive cells ranging from (+) to 
+ +. In situ hybridization for prolac- 
tin mRNA (autoradiography). Interfer- 
ence microscopy, x 700. b Undifferen- 
tiated acidophilic pituitary adenoma 
(case 23). One positive cell, slight 
background signals. In situ hybridiza- 
tion for/~HCG[LH] mRNA (autoradi- 
ography). Interference microscopy, 
• 450 

adenomas (cases 38, 39) and I acidophilic PRL-cell ad- 
enoma (case 40). All of  the 40 patients had the clinical 
diagnosis of  acromegaly with the major symptoms of  
gigantism whereas only some of  them showed hyperpro- 
lactinaemia with symptoms like galactorrhoea and 
amenorrhoea. 

ISH of  the RNA probes complementary to hGH,  
hPRL a n d / ? H C G  [LH] showed positive hybridization 
signals with the specific mRNA in frozen tissue sections. 
The specificity of  the hybridization probes was estab- 
lished by sequencing the cRNA probes [Sanger et al. 
1977; modified by Pharmacia with the T7 sequencing 
kit (data not shown)] and compared with the published 
sequences of Goeddel et al. (1979), Cooke et al. (1981), 
and Talmadge et al. (1984). For microscopical evaluation 
of  the ISH we applied a scale from - to + + + .  Homo- 

geneous distribution of silver grains over the whole tissue 
section without any concentration in single cells was des- 
ignated as - .  Positive hybridization exhibited an accu- 
mulation of  silver grains in single, many, or sometime 
in all cells. ( + )  corresponded to very low density of  
distribution of  silver grains in the whole section or parts 
of it, + to low-, + + to dense and + + + to very dense 
distribution of  grains. 

In all cases we demonstrated positive hybridization 
signals (silver grains) for G H  mRNA. Thirty-two pitui- 
tary adenomas (80%) expressed PRL m R N A  but only 
10 tumours (25%) could be shown to contain gonado- 
tropin mRNA. Table 2 shows the varying densities of  
the 40 studied tumours:  97.5% of  the tumours contained 
cells with positive hybridization signals for G H  with in- 
tensity (+ ) ,  90% + ,  52.5% + + and 22.5% + + + .  
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Table 2. mRNA content of 40 pituitary adenomas 

Intensity of 
hybridization 
signals 

GH PRL flHCG/LH 

+ + + 22.5% 67.5% 0% 
+ + 52.5% 67.5% 0% 

+ 90% 75% 12.5% 
(+) 97.5% 70% 12.5% 

57.5% 97.5% 100% 
Positive cases 40 32 10 

Table 3. Correspondence of hormone mRNA (ISH) and hormone 
content (ICC) in 40 pituitary adenomas 

Hormone mRNA Hormone mRNA 
without detection and 
hormone without hormone 
detection mRNA detection 

GH 0 0 40 (100%) 
PRL 7(57.5%) 2 (5%) 24 (60%) 
HCG/LH 6 (15%) 15 (37.5%) 4 (10%) 

Table 4. Combinations of hormone mRNA synthesis in 40 pituitary 
adenomas 

Hormone combination Number of cases 

GH 8 (20%) 
GH+PRL 22 (55%) 
GH + PRL + HCG/LH 10 (25%) 

Thirty-two pitmtary adenomas contained PRL mRNA 
while 70% of these adenomas included cells with intensi- 
ty (+ ) ,  75% + ,  67% + +  and 67% + + + .  Only in 
10 tumours (25%) could we detect gonadotropin 
mRNA. The intensity of  these signals was weaker than 
the others whereas 12.5% of  the adenomas contained 
cells with intensity (+ ) ,  12.5% of  the positive gonado- 
tropin cases included cells with intensity + .  Adenoma 
cells with intensity + + and + + + were not observed 
(Table 2). 

The ICC hormone detections revealed that all tu- 
mours contained GH, whereas 19 adenomas contained 
gonadotropin peptides (LH, HCG)  and 26 tumours ex- 
pressed PRL. 

The comparison of  the ISH and ICC results indicates 
that all of  the 40 pituitary adenomas contain both the 
G H  mR NA and ICC-detectable hormone. For PRL and 
the gonadotropins we found different results for the two 
methods: negative ICC and positive ISH [PRL 17.5%, 
H C G  [LH] 15%) and positive ICC and negative ISH 
(PRL 5%, H C G  [LH] 37.5% (summarized in Table 3)]. 

Analysis of  m R N A  content revealed that in 8 ad- 
enomas GH m R N A  alone was detectable. Twenty-two 
adenomas contained two hormone mRNAs while the 

remaining 10 tumours showed positive hybridization sig- 
nals for all three mRNAs (Table 4). 

Discuss ion  

In our study we used single stranded antisense R NA 
probes in contrast to many other investigators who have 
used oligonucleotides or D N A  probes ( Penschow et al. 
1987; Pixley et al. 1987; Levy and Lightman 1988a, b; 
Lloyd et al. 1989). The major advantages and disadvan- 
tages of  oligonucleotide and cRNA probes have been 
discussed (Grody et al. 1987; H6fler 1987; Lloyd 1987; 
Wilson and Higgins 1989). Advantages of  the radioac- 
tive probes obtained by Sp6-polymerase catalysed in vi- 
tro transcription are the high specific activity (up to 
109 cpm/gg) and the possibility of removing all unspecif- 
ically bound single-stranded probes by RNase digestion. 

We found G H  m R N A  in all 40 adenomas from pa- 
tients with acromegaly and in 80% PRL mRNA. The 
immunocytochemical G H  findings showed 100% corre- 
spondence with the respective m RN A  detection. How- 
ever, for PRL we observed discrepancies between hor- 
mone and m R N A  detection. Seven tumours did contain 
m RN A  but no ICC-detectable hormone. An explanation 
for this observation could be that the hormone was se- 
creted immediately after synthesis and not stored, or 
there were only small amounts of the hormone synthe- 
sized because of  possible disturbances on the translation- 
al level (Lloyd et al. 1989). Technical artefacts like alter- 
ation or loss of antigenicity of  the hormones during par- 
affin embedding could not be excluded. 

In contrast, where there was positive ICC and nega- 
tive m R N A  detection it is reasonable to assume that 
the m R N A  synthesis in these cells was suppressed by 
intracellular hormone storage. Destruction of mR NA 
by endogenous ribonucleases during surgery could also 
explain the lack of  detectable m RN A  in some tumours. 

Elevated PRL serum levels are found in 30 40% of  
the patients with acromegaly (Kanie et al. 1983; Scheith- 
auer etal .  1986; Barkan 1989; Lloyd etal .  1989; 
Melmed 1990). All patients in our study had elevated 
G H  serum levels. Our findings strongly support the hy- 
pothesis that these serum levels result from hormone 
synthesis in the tumours, but we could not prove a direct 
correlation between m R N A  content in the tissue sections 
and serum levels. A correlation between serum level and 
m RN A  content for PRL could not be shown because 
in many cases pre-operative PRL serum analyses have 
not been done. 

Lloyd and his colleagues (1989) examined 10 prolac- 
tinomas, 16 GH-secreting adenomas and 4 normal pitui- 
taries with ISH and ICC. They demonstrated PRL 
m RN A  in more than 80% of  the cases with G H  overpro- 
duction and also found some discrepancies between hor- 
mone and m R N A  detection. The recent detection of  bi- 
potential secretory cells in fetal human pituitary tissues 
which produce GH and PRL (Mulcahy and Jaffe 1988), 
and the frequent co-secretion of  PRL in GH-secreting 
adenomas, allowed Lloyd and colleagues (1989) to pro- 
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pose  a c o m m o n  phy logene t ic  and  on togene t i c  deve lop-  
men t  for  these cells. 

F o r  some years  g o n a d o t r o p i n - s e c r e t i n g  a d e n o m a s  
have been  t hough t  to be rare  var ian t s  o f  p i t u i t a ry  tu- 
m o u r s  ( M i u r a  et al. 1985). However ,  increas ingly  pi tui-  
ta ry  t u m o u r s  which  secrete g lycopro te in  h o r m o n e s  (lu- 
teinizing h o r m o n e ,  fo l l ic le-s t imula t ing  h o r m o n e ,  thy-  
ro id - s t imu la t ing  h o r m o n e )  and  u n c o m b i n e d  e- a n d / o r  
f i -subunits  have been obse rved  (Snyder  et al. 1984; Kli-  
bansk i  et al. 1987, 1989). J ameson  et al. (1986) descr ibed  
the f i H C G  m R N A  express ion  in an ~-subuni t  secret ing 
p i tu i t a ry  a d e n o m a .  Because o f  the high degree  o f  nucleic 
acid h o m o l o g y  shared  by  f l H C G  and  f lLH [90% (Fiddes  
and T a l m a d g e  1984)], f i H C G  probes  hybr id ize  to b o t h  
h o r m o n e  m R N A s .  In our  s tudy  we used a f i H C G  c R N A  
p r o b e  with  a sequence h o m o l o g y  o f  90% to f iLH. This  
s t rong  mo lecu l a r  s imi lar i ty  m a d e  it imposs ib le  to dis t in-  
guish be tween  posi t ive  f lLH and  f i H C G  signals  dur ing  
mic roscop ica l  eva lua t ion  o f  the  a u t o r a d i o g r a p h y .  F o r  
this r eason  we discuss the  g o n a d o t r o p i n s  L H  a n d  H C G  
together .  

In  our  s tudy  we found  only  10 tu rnouts  showing  a 
weak  h y b r i d i z a t i o n  to f l H C G  [LH] m R N A ,  bu t  in 19 
the h o r m o n e  could  be de tec ted  by  ICC.  Pe rhaps  in these 
cases the h o r m o n e  is defect ive o r  the subuni t s  are  incor-  
rect ly combined ,  resul t ing in b locked  secret ion.  Thus  the 
accumula t ed  h o r m o n e  m a y  suppress  m R N A  synthesis  
in these cells. 

S imul t aneous  occur rence  o f  g lycopep t ide  h o r m o n e s  
besides u n c o m b i n e d  e- and  f i -subunits  has  been de- 
scr ibed (Snyder  et al. 1984). The  obse rva t ion  o f  f requent  
g o n a d o t r o p i n  p r o d u c t i o n  in cl inical ly si lent  p i t u i t a ry  ad-  
enomas  (Snyder  et al. 1984; M i u r a  et al. 1985; J ameson  
et al. 1987; Kl ibansk i  et al. 1989) could  resul t  f rom the 
synthesis  o f  these free subuni t s  which evoke  no cl inical  
symptoms .  

Our  f indings  indicate  tha t  I S H  techniques  m a y  be 
power fu l  tools  for  the p a t h o l o g i s t  to examine  p i tu i t a ry  
adenomas .  The  a d v a n t a g e  over  o ther  fo rms  o f  m R N A  
de tec t ion  like N o r t h e r n  blots  is the fact  t ha t  in teres t ing  
cells can  be di rec t ly  ident i f ied  and  cha rac te r i zed  mor -  
pho log ica l ly  on  the l ight  mc i roscop ica l  level. Cl inical  
and  i m m u n o p a t h o l o g i c a l  obse rva t ions  in I S H  m a y  be 
helpful  in es tabl ish ing the d iagnos is  o f  t u m o u r  types.  
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