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Null Cell Adenomas, Oncocytomas, and 
Gonadotroph Adenomas of the Human Pituitary: An 
immunocytochemical and Ultrastructural Analysis of 
300 Cases 

George Kontogeorgos, M.D., Kalman Kovacs, M.D., Ph.D., 
Eva Horvath, Ph.D., and Bernd W. Scheithauer, M.D~ 

Abstract 

The immunocytochemical profile of 300 clinically nonsecreting pituitary adenomas was inves- 
tigated. All tumors were diagnosed, classified, and separated into null cell adenomas, 
oncocytomas, and gonadotroph adenomas according to their ultrastructural morphology. 
The immunocytochemical analysis was based on the semiquantitative proportional estimates 
of positive cells immunostained for all known peptide and glycoprotein pituitary hormones 
including alpha-subunit. The majority of tumors (87%) were to some extent immunopositive 
for various hormones. Glycoprotein hormones were most frequently encountered. Usually, 
particularly in males, more than one subunit was present in the same tumor. In 97 tumors 
(32%) more than 25% of adenoma cells were immunoreactive for glycoprotein hormones. 
Fifty-five tumors (18%) contained occasional cells immunopositive for growth hormone (GH), 
prolactin [PRL), and adenocorticotropin (ACTH) in addition to glycoprotein hormones. Given 
the significant proportion of immunoreactive cells for gonadotropins and alpha-subunit, in 
tumors characterized as null cell adenomas and oncocytomas, immunocytochemistry may 
provide valuable information to the pathologist and clinical endocrinologist contributing to 
the evaluation of this heterogeneous group of tumors. Endocr Pathol 4:20-27, 1993, 
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Somewhat more than one-third o f  operated 
pituitary adenomas secrete no hormones in 
excess and are unassociated with endocrine 
hypersecretion syndromes. Clinically, such 
tumors are termed "nonsecreting aden- 
omas" [15, t7, 18]. Early observers, utiliz- 
ing simple histological stains, classified 
these adenomas as "chromophobic."  Lack 
o f  endocrine activity as well as staining of  
adenoma cells was at first attributed to 
absence o f  cytoplasmic granules. It was 
McCormick and Halmi (1971) who, in a his- 
tochemicat study of  a large series o f  pituitary 
adenomas, first found that truly agranular 
adenomas do not exist {231. Subsequent 
ultrastructural observations confirmed the 

presence of  secretory granules, albeit in 
small number, in the cells o fchromophobic  
adcnomas [18, 19]. The substantial majority 
of  clinically nonsecreting adenomas are 
known to correspond to null cell adenomas, 
oncocytomas, or gonadotroph adenomas 
[3, 7, 10, 11, 12, 15, 16, 17, 18,24, 25, 28]. In 
producing various glycoprotein hormones 
or their a]pha-subunit, these lesions share 
common histological features and biochemi- 
cal properties. As a result, it is not always 
possible to draw distinctions between them 
[7, 13, 15]. The term "null cell adenoma" 
has been applied to tumors lacking specific 
immunocytochemical, ultrastructural, or 
biochemical markers. Although cytoptas- 



Clinically Nonsecreting Pituitary Adenomas 2 1 

mic organelles, particularly those involved 
in hormone synthesis and release, are pres- 
ent in null cell adenomas and their oncocytic 
variant, they are typically scant, consisting 
of  only occasional profiles of rough endo- 
plasmic reticulum, small Golgi complexes, 
and sparse, minute secretory granules. The 
cellular origin of  null cell adenomas is 
obscure [18]. The same is true of  oncocy- 
tomas, which arc characterized by cyto- 
plasmic accunmlation of mitochondria [16, 
17, 20]. Oncocytic change also occurs, albeit 
less frequently, in gonadotroph tumors. The 
latter, in 50% of  cases and particularly in 
men, are ultrastrucmratly identical to null 
cell adenomas [7, 13, 30 I. 

Although studies employing improved 
immunohistochcmical techniques have con- 
tributed to the more frequent recognition 
of  gonadotroph adenomas [4, 7, 81, their 
relationship to null cell tumors remains 
unclear. Null cell adcnomas and oncocy- 
tomas may contain small numbers of 
thyroid-stimulating hormone (TSH), t\)lli- 
cle-stinmlating hormone (FSH), luteinizing 
hormone (LH), and/or alpha-subunit i,n- 
munoreactive cells {15, 17]. It is not clear, 
therefore, whether null cells represent 
dcdifferentiated gonadotrophs, undiffer- 
entiated precursors, or resting cells capable 
of  nmltidirectional differentiation not only 
toward glycoprotem-producing cells but 
also occasionally to other cell types [14, 
151. 

The purpose of this study is to investi- 
gate the immunocytochemical features of a 
large group of  clinically nonsecreting pitu- 
itary adenomas, all of  which were removed 
by surgery and were ultrastructurally char- 
acterized as null cell adenomas or onco- 
cytomas, some with glycoprotein differen- 
tiation or gonadotroph adenomas. Our aim 
is to assess the intimate relationship and 
apparently overlapping characteristics of  
the adenoma types and to better define 
them according to their immunocyto- 
chemical profile. 

Material  and Methods 

Cases 

There were 724 cases, including 266 pitu- 
itary tumors morphologically diagnosed as 
null cell adenoma, 217 as oncocytoma, and 

241 as gonadotroph adenoma, which were 
retrieved from approximately 3,000 reports 
of surgically removed pituitary adenomas in 
the consultation files of  two of  the authors 
(KK.  and E.H.) at St. Michael's Hospital. 
Derived in part from patients undergoing 
surgery at Mayo Clinic, the study group 
consisted of  100 null cell adenomas, 100 
oncocytomas, and 100 gonadotroph adeno- 
mas. In each subgroup, male and female 
patients were included so as to be equally 
represented. All 300 tunlors, including the 
gonadotroph adenomas, had been classified 
exclusively on the basis of  their electron- 
microscopic features, though all had been 
studied by routine histochemistry as well as 
immunocytochemistry for adenohypophys- 
eal hormones. 

Methods 

For light microscopy, 10% buffered forma- 
lin-fixed and paraffin-embedded tissues 
were used. Sections of  4-6 /xm thickness 
were stained by thc hematoxylin and eosin 
(H&E) and the periodic acid-Schiff (PAS) 
methods. 

For immunocytochemistry either the 
peroxidase-antiperoxidase method (PAP) 
or the avidin-biotin-peroxidase complex 
(ABC) technique was utilized [8, 29]. 
Consecutive microsections were pretreated 
with 5 mg/100 ml pronase E (Sigma, St. 
Louis, MO) for 10 minutes at room tem- 
perature, incubated overnight at 4~ with 
antisera directed against the following hor- 
mones or hormone fragments: growth 
hormone (GH; DAKO, Santa Barbara, 
CA), prolactin (PRL; donated by Dr. H. 
Friesen, Winnipeg, MB), adrenocortico- 
tropin (1-39 ACTH; donated by Dr. S. 
Raiti, NIADDK,  Bethesda, MD), mono- 
ctonal /3-thyroid stimulating hormone 
~-TSH;  Chemicon Inc., E1 Segundo, CA), 
13-follicle-stimulating and r hor- 
mone (/3-FSH and/3-LH; donated by Dr. S. 
Raiti, NIADDK,  Bethesda, MD), and 
monoclonal ce-chorionic gonadotropin (ce- 
HCG; Biogenex Laboratories, Dublin, 
CA). Working dilutions ranged from 1:200 
to 1:2,000. The specificity ofimmunostains 
was verified by replacing primary antisera 
with phosphate-buffered saline or with 
normal rabbit or mouse serum. The 
chromogen 3'3'-diaminobenzidine (DAB) 
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was used for visualization of  antigen- 
antibody binding sites. 

For electron microscopy, 2.5% glutaral- 
dehyde-fixed and osmicated tissues were 
embedded in an Epon-Araldite mixture. 
Ultrathin sections stained with uranyl ace- 
tate and lead citrate were examined on 
either a Philips 300 or a 410-LS electron 
microscope. 

Immunoreact ive Cell Estimation 

All immunostained sections were reevalu- 
ated utilizing a semiquantitative estimate of  
the proportion of  immtmoposi t ive cells 

based  on a five-step scale: e.g., - = 0%,  + 
= < 5 % ,  + +  = 5 % - 1 5 % ,  + + +  = t 5 % -  

2 5 % ,  + + + +  = >25%.  Immunoreact ive 
cells in peripheral portions of  the tumor 
fragments were disregarded as were cells 
arranged in nests the size of  normal pituitary 
cords. The latter were regarded as nontu- 
morous adenohypophyscal cells trapped by 
tumor. 

Classification Criteria 

Ultrastructural features were the basis of  
adenoma classification. The diagnosis o f  
null cell adenomas was based on the follow- 
ing ultrastructural fi:atures: absence of  spe- 
cific features of  differentiation (Fig. 1); 
small, sparse secretory granules less than 
200 nm in diameter; and numbers of  mito- 
chondria not exceeding 15% of  the 
cytoplasmic volume (Fig. 1). Null cell ade- 
nomas exhibiting pronounced mitochon- 

Figure 2. Oncocytoma. The ultrastructural fea- 
tures of this tumor are those of null cell 
adenoma with pronounced mitochondrial accu- 
m.ulation defined as approximately 30% of cyto- 
plasmic volume in 50% or more of cells 
I • 5,500/ 

drial accumulat ion-- that  is, occupying ap- 
proximately 30% of  cytoplasmic volume in 
50% of  cells or m o r e - - w e r e  classified as 
oncocytomas (Fig. 2). Gonadotroph ade- 
nomas in males were defined as tumors 
with specific ultrastrucmral features includ- 
ing polar cells with well-developed m e m -  
branous organellcs and uneven distribution 
of  small, approximately 200 nm diameter, 
secretory granules, either subplasmalem- 
real or within cytoplasmic processes (Fig. 
3). In female patients these features of  
gonadotroph differentiation were accompa- 
nied by "honeycomb"  transt~rmation of  
the Golgi apparatus, a specific marker of  
gonadotroph adenomas of  "female type" 
[7, 131 (Fig. 4). 

Figure I. Null cell adenoma. The tumor 
shows absence of specific features of differentia- 
tion, sparse small (< 200 nm) secretory granules, 
and mitochondria occupying less than 15% of 
cytoplasmic volume l • 6,900). 

Figure 3. Gonadotroph adenoma, male type. 
The cells exhibit polarity, well-developed 
menbranous organetles, and uneven distribution 
of small, approximately 200 nm, secretory gran- 
ules. either subplasmalemmal or wi th in cyto- 
plasmic processes ( • 11,000). 
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Table 1. 
and females 

Figure 4, Gonadotroph~c adenoma female 
type. These tumors exhibit features of go- 
nadotrophic different)at~on, as noted Jn the prew- 
ous feature, accompanied by "honeycomb" trans- 
formation of the Golg~ apparatus a soecific 
marker of "female-type" qonadc [roph adenomas 
( x I0.800). 

mones .  A high tu o f  i m m u n o r e a c -  
civlry was observed  in all three adcnoma 
types. A l though  the p r o p o r t i o n  o f  reactive 
cells was s l ight ly  higher  in males,  no 
statisticallv s~ gnificant differences in react iv-  
iw werc noted bc tween sexcs o r  a m o n g  the 
three adenoma  groups  (Table 1). 

The  adenomas  exhib i ted  i m m u n o r e a c -  
rive cells vary ing  m number ,  in dis t r ibut ion 
(focal, patchy, or  diffuse), and in their 
degree o f  s ta ining intensity. G lycopro te in  
ho rmones  were most  f requent ly  encoun-  
tered as compared  to o ther  h o r m o n e  types 
in all three groups .  Usual ly  pos , t iv i ry  for 
more  than one be ta -subuni t  as well as 
a lpha-subuni t  was noted in the same tu- 
mor  The  spec t rum o f  immunoreac t iv i t i e s  
iIl male and f~'male (M/F)  patients,  stated in 
terms o f  thc p ropo r t i on  o f  pos iuve  cells, is 
tabulatcd for each adenoma  g roup  in Tables 

Statistics 2. 3, and 4. 
G l y c o p r o t c m  h o r m o n e s  wcre  signifi-  

For statistical analysis the Student ' s  f test 
caut]v more  f requcnt ly  reprcsented  m tu- 

was applied. Statistical dift~'rcnccs wcrc 
considercd significant when associated with 
p values oft).Ol or  less 

R e s u l t s  

From the 724 init ially re t r ieved cases. 266 
tumors  (37%) wcrc  classified according to 
their  ul t ras t ructural  features alone as 
null cell adcnomas.  217 (30%) as oncocy-  
tomas,  and 241 (33%) as gonado t roph  
adenomas.  None o f  the pat icnts '  clinical 
presentat ions were associated with  endo-  
crine manifestat ions.  Detai led preopera t ive  
h o r m o n e  levels were  not  availablc in many  
cases: thus this i n fo rma t ion  has not  been 
included.  

O f  the 300 cases cons t i tu t ing  the study 
group,  261 adenomas  (87%) were  i m m u n o -  
posi t ive  for var ious  adenohypophysea l  hor-  

Inodence of immunoreactivlty ~n the three adenoma groups ~n males 

N u l l  C e l l  O n c o c y t o m a  G o n a d o t r o p h  
A d e n o m a  A d e n o m a  
(n = 100) (n = 100) (n = 100) 

M/F 48/41 47/42 49/34 

% 89 89 83 

mors  o f  males than in fenaales (p < 0.001). 
(~ombinadons  o f  gonado t rop ins ,  par t icu-  
larly FSH and a lpha-subuni t ,  showed  a 
significant p rcponderauce  in males (p < 
~).005). LH bcing the exccpt ion  in that it 
was near ly  cqual ly represented m onco-  
cy tomas  o f  bo th  scxes. 

T S H  was the least f requent  g lycop ro -  
rein h o r m o n e  demons t ra ted .  No  a d e n o m a -  
p roduc ing  t3-TSH alone was encountered .  
On ly  one null cell a de noma  in a female 
patient  conta ined  more  than 25% T S H -  
i m m u n o p o s i t i v e  cells. In t w o  o ther  cases. 
one null cell a d e n o m a  and one oncocy -  
toma, 1 5 % - 2 5 %  of  a de noma  cells were 
TSH-rcac t ive .  B e t a - F S H  or  LH staining 
unassociated wi th  a lpha-subun i t  was no ted  
in 1 male  t u m o r  and in 4 females,  respec-  
tively. In contras t ,  the presence of" alpha 
unassociated wi th  be t a -g lycopro t e in  hor -  
mone  subuni ts  was seen in 17 tumors ,  
inc luding 9 null  celt adenomas ,  4 oncocy -  
tomas,  and 4 g o n a d o t r o p h  adenomas .  

In 97 t u m o r s  (32%), 9.23 null cell 
adenomas,  28 o n c o c y t o m a s ,  and 46 g o -  
nado t roph  adenomas ,  accord ing  to a c o m -  
bined col lect ive  es t imate ,  25% or  more  o f  
adenoma  cells were  l m m u n o p o s i t i v e  for 
FSH. LH.  a n d / o r  a lpha-subun i t  (Table 5). 
A p reponde rance  o f  such rumors  was ob -  
served in male  pat ients  w i th  null  cell and 
g o n a d o t r o p h  adenomas .  Nul l  cell adeno-  
mas and o n c o c y r o m a s  conta ined fewer  
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Table 2, Distribution of the immunoposit~vJ~j of null cell adenomas according to sex (M/F) 

G H  PRL A C T H  T S H  FSH L H  A l p h a - S  U 

+ 14/1 5tl 1/0 2113 15t9 16/8 12112 

+ + 0t3 0/0 010 8/3 12/6 13/4 l l /7 
+ + + 0t0 0tl 0tl 0/1 712 613 8/2 
+ + + + 0/0 0/0 010 0tl 513 311 11/7 
Total MIF 14t4 512 1/1 29t8 39/20 38/16 42/28 
Total% 18 7 2 37 59 54 70 

immunoposit ive cells in comparison to 
gonadotroph adenomas, nearly half the 
latter containing more than 25% immunore-  
active cells. 

There were 55 tumors (18%), includ- 
ing 20 null cell adenomas, 23 oncocytomas, 
and 12 gonadotroph adenomas, which con- 
tained cells reactive not only for glycopro- 
rein hormones but also for G H  and/or PRL 
or rarely for ACTH.  lmmunoposi t ivi ty  for 
these hormones was limited, being found 
in 5% or less o fadcnoma cells and unevenly 
distributed. GH was the most common of  
these hormones, occurring twice as fre- 
quently in null cell adcnomas and 
oncocytomas as in gonadotroph adenomas. 
O f  these hormones A C T H  was the least 
often encountered. 

Discussion 

The analysis o f  our data indicates that null 
cell adenomas, oncocytomas,  and go- 
nadotroph adenomas, tumors comprising 
the substantial majority of  clinically non- 
secreting adenomas, are ultrastructurally 

distinct lesions which exhibit immunocyto-  
chemical similarities. In immunopheno-  
typic terms the majority of  these lesions 
corresponded to glycoprotein-producing 
adenomas since a substantial number  of  
cases wcrc immunoreact ivc for alpha- 
subunit, FSH, LH, or TSH. Immunopos i -  
tivity to FSH and alpha-subunit was ex- 
pressed to a greater extent in male patients. 

Coexistence of  various glycoprotein 
subunits in tile same tumor  was more 
frequently noted in male patients. O f  inter- 
est, given the nosologic tendency to clearly 
distinguish gonadotroph from thyrotroph 
cell adcnomas, is the frequency with which 
TSH reactivity was encountered in associa- 
tion with gonadotropins.  Indeed, in this 
scries immunoreact ivi ty  for TSH was al- 
ways coexpressed with FSH and LH. 
Nearly always, only scattered (less than 
5%) TSH-posi t ive  cells were demon-  
strated. This necessarily raises two ques- 
tions. Are such tumors  simply glycopro-  
tein adenomas producing the full spectrum 
of  glycoprotein hormones,  an entity not 
accommodated in present classifications o f  
pituitary adenomas? O r  is T S H  positivity a 

Table 3. Distribution of the immunopositivity of oncocytomas according to sex (M/F) 

G H  PRL A C T H  T S H  FSH L H  A l p h a - S U  

+ 7/8 3/1 1/1 18111 19/16 19/13 13/14 
+ + 1/0 l/0 0/0 213 10/7 10/15 11/3 
+ + +  0/0 0/0 0/0 0/1 9/5 3/8 8/4 
++  ++  0/0 0/0 0/0 010 515 3/2 7111 
Total M/F 8/8 4/1 111 20/15 43/33 35138 39132 
Total% 16 5 2 35 76 73 71 
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Table 4. Distribution of the immunoposit~vity of gonadotroph adenomas according to sex (M/F) 

G H  PRL A C T H  T S H  FSH L H  A l p h a - S U  

+ 213 2t2 1 t3 1718 716 814 6/14 
+ + 112 0/0 0/0 611 10t5 316 3/9 
+ + + 0t0 010 010 010 512 10/4 915 
+ + + + 0/0 010 0t0 010 2117 1815 2214 
Total M/F 3/5 2/2 113 23/9 43/20 39/19 40/32 
Total % 8 4 4 32 63 58 72 

manifestation of  cross-reactivity, perhaps 
with FSH, one of  the most frequently 
concurrent hormones? It is notable that 
none of  the TSH-contaming tumors in this 
series was associated with hyperthyroid- 
ism, a positive manifestation o f  TSH-pro-  
ducing adenomas, and that none of" these 
lesions exhibited the characteristic ultra- 
structural features o f T S H  ccll adenoma. At 
present the questions raised by thesc obser- 
vations caiulot be answered conclusively, 
but consideration should bc given to the 
possibility that glycoprotein-producing ade- 
uomas do not fall into gonadotroph and 
thyrotroph cell categories. 

A decade ago, on the basis ofultrastruc- 
tural features, a significant proportion of  
chromophobic, clinically nonfunctionmg 
tumors were classified as null cell adenomas 
[18]. Subsequently, the continued use of. 
electron microscopy, supported by immu- 
nocytology, led to the characterization of  
the poorly understood gonadotroph adeno- 
mas. Typical ultrastructural features in- 
cluded the cell polarity, a full complement 
of  synthetic organelles, and accumulation 
of  small secretory granules within cyto- 
plasmic processes. Subsequently, a novel 

IIII I 

l ab le  5. Tumors containing more than 25% adenoma cells immunoreactive for 
FSH, LH, or alpha-subunit 

N u l l  Cel l  Gonadotroph  
A d e n o m a  O n c o c y t o m a  A d e n o m a  
(n = 100) (n = 100) (n = 100) 

MIF 1419 14/14 3818 
Ratio 1.5tl lll  4.5ll 

feature, the so-called honeycomb Golgi, 
came to be recognized as a unique attribute 
of  gonadotroph adenoma in female pa- 
tients. These morphological observations 
were put into perspective by the immunocy-  
tochemical demonstration o f  gonadotro- 
pros within adenoma cells [7, 13, 17]. The 
integration o f  these methods necessarily 
underwent a proccss o f  evolution. Early 
studies were plagued by wide antibody 
cross-reactivity, nonspccific background 
staining, and ffcqucnt failure of  hormone 
demonstration owing to lack of  antibody 
sensitivity. Currently, improved immuno- 
cytochemical techniques, the introduction 
of" more specific and sensitive antibodies, 
and the development o f  enzyme pretreat- 
ment methods for the unmasking o f  hidden 
antigenic sites have all contributed to the 
recognition o f  glycoprotein hormone-con-  
taining adenomas [4, 7, 8]. 

It is remarkable that in the first descrip- 
tive study o f  null cell adenoma, only 10 
(18%) o f  56 tumors were found to be 
focally immunoposit ive for glycoprotein 
hormones [18]. Years later immunocyto-  
chemical studies found a significant propor-  
tion of  null cell adenomas and oncocytomas 
(79%) to be immunoreactive, particularly 
for various glycoprotein hormones [15]. In 
the present series, 89% of  null cell 
adenomas and oncocytomas showed some 
degree o f  hormone  immunoreactivity. It is 
evident from these studies that the substan- 
tial majority o f  null cell and oncocytic 
tumors possess immunocytochemical  mark- 
ers indicative o f  glycoprotein differentia- 
tion. It has, in fact, been suggested that null 
cell adenoma might be classified as go- 
nadotroph adenoma when an appreciable 
proportion, perhaps 25% of  the tumor 
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cells, are immunoreactive for FSH, and/or 
alpha-subunit [15]. If this assumption is 
valid, 23% of  null cell adenomas and 28% 
of the oncocytomas in our series could be 
considered gonadotroph adenomas. 

It has been demonstratcd by immuno- 
cytochemistry that clinically nonsecreting 
adenomas may be positive not only for 
glycoproteins but, in a few cases, for other 
types of adenohypophyseal hormones [5, 
15, 18, 261 . These observations are in 
keeping with results o f  tissue culture and 
more advanced studies employing the re- 
verse hemolytic plaque assay as well as of  
specific probes for demonstration of  the 
mRNA of  various hormones [2,. 8, 21, 22, 
27, 3t]. Recently a case of  a null ce l l  

adenoma exhibiting ultrastructural and 
immunocytochemical evidence of  plurihor- 
monality and plurimorphous differentia- 
tion has been reported [14]. In the present 
series, 55 tumors were immunopositive for 
GH, PRL, and less tYequentty for ACTH in 
addition to glycoprotein hormones. Such 
observations are o f  particular interest in the 
light of  recent molecular biological studies, 
which, in applying clonal analysis to clini- 
cally non[\mctioning pituitary adcnomas, 
indicate the monoclonal origin of  such 
tumors [1, 6, 1l]. These observations favor 
the hypothesis that pituitary adenomas 
originate tu mature adenohypophyseal 
cells or precursor cells which undergo 
somatic mutation and are capable o f  differ- 
entiating not only toward gonadotrophs 
but, less frequently, toward other adenoma 
cell types [14]. Several factors such as 
oncogenes, interleukins, and growth fac- 
tors may be implicated in neoplastic devel- 
opment and multidirectional differentia- 
tion. Although hypothalamic disturbances 
in the genesis o f  pituitary neoplasms are 
questionable and have yet to be elucidated, 
they may, in conjunction with other fac- 
tors, contribute significantly to the develop- 
ment of  some adenomas [1, 6]. 

Ultrastructural examination of  pitu- 
itary adenomas assisted by immunocyto-  
chemistry continues to occupy a central 
place in the study of  clinically nonsecreting 
pituitary adenomas. The term "null cell" 
should, at least for the present, be retained. 
Perhaps, with the introduction of  new 
methods and more defined diagnostic crite- 
ria, the ever-constricting category of  null 

cell adenoma will someday find a place in 
the nosology of  pituitary adenomas under 
the term "chromophobic"  adenoma. 
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