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Summary. In the adrenal cortex of newborn infants there can occasionally be found 
distinct, large cells with large, prominent nuclei. This penomenon of "adrenal eytomegaly" 
has not been satisfactorily explained. In a series of 300 neeropsies of infants up to 10 days 
of age "eytomegalic" cells were found in 16 instances. In 11 of these there was sero- 
logical or pathological evidence of Rh-incompatibility, but in the remaining five instances 
no such evidence was found. There were, however, various congenital abnormalities. 
The morphological features of the large adrenal cells raised the possibility that these cells 
were polyploid. The suggestion is advanced that adrenal cytomegaly is a non-specific phenom- 
enon, a response to intense, prolonged stimulation for a variety of reasons, which produces 
changes in the endoeellular structure that manifest themselves as polyploidy. The hypo- 
thesis put forward here can account better for the occurrence of adrenal eytomegaly in a 
number of seemingly unrelated conditions than the other explanations of this phenomenon 
advanced so far. 

The phenomenon  of adrenal  eytomegaly is well known,  bu t  poorly under-  
stood. I n  1970 i t  remains  as much of an " e n i g m a "  (Irving, 1967) and  as "contro-  
versial"  (Oppenheimer, 1970) as i t  has been since Kampmeie r ' s  (1927) description. 
Es t imates  of its incidence range from 6.5% of neeropsies in  the newborn  (Craig 
and  Landing,  1951) to about  one in  one thousand  (Stowens, 1966) but ,  as Morison 
(1963) has pointed out, there are probably  m a n y  eases with min imal  changes. 
At  necropsy of some newborn,  occasionally premature ,  infants  who have died 
for a var ie ty  of reasons, there are found in  the adrenal  cortex sometimes a few, 
sometimes many,  cells which are considerably larger t h a n  the surrounding adreno- 
cortical cells and  which have dis t inct ly  large, even giant,  nuclei. Their  origin 
and  significance have given rise to various opinions. 

Thus Garneau (1957), who reported an instance of adrenal cytomegaly in an infant 
whose mother had mumps during the pregnancy, suggested a viral etiology for this striking 
cellular change. Adrenal cytomegaly has also been found on occasion in instances of the 
congenital rubella syndrome (Singer et al., 1967; Oppenheimer, 1970). Morison (1963}, who 
looked critically at the "puzzling conditions of adrenal eytomegaly", also thought that 
a virus infection was a possible explanation, but Potter (1961), Stowens (1966), Irving (1967) 
and Oppenheimer (1970) questioned this. Kampmeier (1927) and Uotila (1940), who studied 
the development of the adrenal in the embryo, reported eytemegaly in fetuses of varying 
ages, the inference being that adrenal eytomegaly can occur as part of the fetal development. 
Craig and Landing (1951), while confirming these findings, were impressed by the" anaplastie" 
features of the large cortical cells characteristic of adrenal cytomegaly and considered the 
possibility that these cells might be the precursors of some of the carcinomas of the adrenal 
cortex. Landing (1955) even spoke of "focal anaplasia or eytomegalia". A few years later 
Sherman, Bass, and Fetterman (1958) did indeed publish a ease which, according to their 
interpretation, seemed to fit Craig's and Landing's (1951) concept in that an infant with 
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a metastasizing adrenal carcinoma presented cytomegaly also in the metastatic adreno- 
cortical nodules. Stowens (1966) reported eight instances of "cytomegalic tumors of the 
adrenal", only one of which, however, proved malignant. The nature of these tumors is 
not clear, but it is well known that adrenocorticM adenomas often present cells which fit 
the criteria of "cytomegaly" (Dhom and Stiidtler, 1968). Recently the suggestion has even 
been made that "cytomegaly may represent an in situ carcinoma of the fetal adrenal cortex" 
(Sotelo-Avila and Singer, 1970). Other workers, however, were not impressed by the suspected 
link between adrenal cytomegaly and tumorigenesis (Dhom, 1965) and looked for other 
explanations. Thus Beatty and Hawes (1955) tried to establish a connection between the 
presence of "congenital anomalies" and the occurrence of adrenal cytomcgaly. Some years 
later Bayer, Zidov£, and Du~ek (1962) arrived at a similar conclusion. Prompted by the 
case reported by Diamond, Anderson and McCreadie (1960) of an infant born to a mother 
treated with Myleran, they thought that an intrauterine toxic disturbance of the fetus 
stimulated the adrenal cortex to the development of giant cells. In support of their views 
they pointed to Selye's concept of the adaptation syndrome although, to our knowledge, 
Selye has not described adrenal cytomegMy as part of this syndrome (Selye and Stone, 
1950). An association between adrenal cytomegaly and congenital anomalies has recently 
also been emphasized by writers on the "Beckwith Syndrome" (Sotelo-Avila and Singer, 
1970; Beckwith, 1969). Other workers such as Potter (1961) or Kissane and Smith (1967) 
have, in view of the scanty knowledge of the factors leading to the development of this 
phenomenon, refrained from speculation and have merely recorded their findings, whereas 
yet others have ignored the problem altogether (Luse, 1967). 

I n  view of these considerations it  would seem t h a t  a re -examina t ion  of the 

quest ion of the  significance of adrenal  cy~omegaly can be defended on the grounds 

t h a t  the explanat ions  advanced  so far are merely  d ivergent  speculations which 

apparen t ly  do not  possess any common features. In  the paper  presented here 

an admi t t ed ly  speculative,  but  unifying concept is proposed, based on the thesis 

t ha t  adrenal  cy tomegaly  is mere ly  an indicat ion of polyploidy of the adreno- 

cortical cells which develops when, for a va r i e ty  of reasons, the  cells are intensely 

s t imulated.  

Material and Methods 

The material on which this survey is based comprises a review of sections of the adrenal 
glands from 300 consecutive necropsies of newborns and infants up to the age of 10 days. 
Stillborn, but not severely macerated, infants were included in this series. The interval 
between death and necropsy ranged from two to eighteen hours. The necropsies were per- 
formed in the routine manner which, of course, includes the weighing and cutting of both 
adrenal glands, representative sections of which were fixed in buffered formalin solution, 
embedded in paraffin and cut at 6 ~. The sections were stained with hematoxylin-eosin, 
the periodic acid-Schiff (PAS) reagents and with Gomori's methenamine silver stain for 
reticulin. Selected sections were also stained with the Feulgen stain. 

The following procedure of evaluating the material was adopted: First the sections of 
both adrenals from the 300 autopsies were studied for the presence or absence of cytomegalic 
cells. Since these cells have a striking appearance with a much larger body and nucleus 
than normal adrenocorticM cells, no difficulty was encountered in reaching this decision. 
I t  should be emphasized, however, that the number of cells present in a given section did 
not influence this decision, so that on occasion a gland was classified as "cytomegalic" 
even if only a few such cells were found in the sections. Step-sectioning of the blocks from 
adrenal glands considered to be "negative" was not undertaken. I t  is possible that such 
a deliberate search for adrenocorticM "megalocytes" might have increased the number of 
specimens considered to be positive. Following the preliminary screening of all sections the 
necropsy protocol and the clinical charts of the mother and infant were reviewed in those 
instances in whom cytomcgalic cells were found in the adrenals, and any features considered 
significant were tabulated. It  is, therefore, apparent that the diagnosis of cytomcgaly had 
always been made before the clinical or pathological features of these cases had been studied. 
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Results 

Cytomegal ic  cells in the  adrena l  cor tex  were found in 16 out  of 300 necropsies 
reviewed.  As can be seen f rom Table  1, five of these infants  were st i l lborn,  four 
died 1 day,  three  2 days ,  three  3 days  and  one 4 days  af ter  bir th.  I n  11 out  of 
16 cases there  was presen t  serological and /o r  pa thologica l  evidence of Rh- incom- 
pa t ib i l i ty .  Of the  remain ing  5 ins tances  one case had  the  mal fo rmat ion  of an- 
encepha ly  and p resen ted  the  typ ica l  hypop las ia  of the  adrena l  glands found in 
this  mal format ion .  Ano the r  in fan t  was born with  a large omphalocele  for which 
an opera t ion  was a t t e m p t e d ,  bu t  the  child died shor t ly  af terwards .  One in fan t  

Table 1. Clinical data o/authors' series o/necropsies with adrenal cytomegaly 

Age Sex Estimated Weight Diagnosis 
gestation 
(weeks) (g) 

Stillborn ~ 25 700 

Stillborn c~ 22 750 

Stillborn ~ 28 1 175 

Stillborn ~ 34 1350 

Stillborn ~ 28 1175 

1 day d~ 30 1715 

1 day ~) Dates not 3 250 
available 

1 day ~ 38 3525 

1 day o ~ 37 3 730 

2 days c? 30 1025 

2 days ~' 35 2150 

2 days ~ 35 2 825 

3 days ~ 36 1600 

3 days ~ 35 2 800 

3 days ~ 40 3100 

4 days ~ 32 1800 

Rh incompatibility 

Immaturity 

Aneneephaly 

Rh incompatibility 
hydrops. 
Intrauterine transfusion 

Rh incompatibility 
Hydrops 

Omphaloeele, operation 

Rh incompatibility 
Ieterus 

Rh incompatibility 
Ieterus 

l~h incompatibility 
Hydrops 

Prematurity, 
Single umbilical artery 
Abruptio placentae 

Rh incompatibility 
Hydrops 

Rh ineompatibility 
Ieterus 

Rh incompatibility 
Ieterus 

Rh incompatibility 

Adrenogenital syndrome with 
external appearance of female 
pseudohermaphrodite. 
Transposition of great vessels 

g h  incompatibility 
Ieterus 
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Fig. 1. Microphotograph of adrenal cortex of an infant with erythroblastosis fetalis to show 
the distribution of the adrenal "megaloeytes".--Note the large, prominent nuclei. H.E., 6 ~. 

X 100 

died 3 days after birth with the clinical diagnosis of the adrenogenital syndrome 
with the external appearance of a female hermaphrodite. At necropsy very large 
adrenal glands as well as a transposition of the large vessels of the heart were 
found. Another infant died after the mother had developed an abruptio placentae ; 
necropsy showed multiple hemorrhages, and only two vessels in the umbilical 
cord. Finally, in one of the stillborn infants in whom Rh-ineompatibility could 
not be invoked, the only diagnosis made at necropsy was that of " immatur i ty" .  
These data are presented in Table 1. 

In Table 2 are shown some of the pertinent data concerning the eleven eases 
in whom a clinical diagnosis of erythroblastosis fetalis was made, and confirmed 
by necropsy. I t  is not possible to correlate either the distribution of the eyto- 
megMic cells or their numbers with the clinical picture. Of interest in this context 
is the fact that  in our series of 300 necropsies 20 cases were considered to be 
erythroblastotie, but adrenal eytomegMy was found in only eleven of them 
The question again arises whether a systematic search for adrenal cytomegalie 
cells by step-sectioning of the adrenal glands would have altered this proportion 
which, incidentally, is considerably higher than that reported by other workers 
(Oppenheimer, 1970; Craig and Landing, 1951; Bayer etal., 1962). To some 
extent this high incidence can be attributed to the fact that  adrenal glands 
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Fig. 2 

Fig. 3 
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Fig. 4. High magnification of a megalocytic nucleus from the adrenals of an erythroblastotic 
infant to show the characteristic nuclear structure. A nucleolus is faintly visible surrounded 

by clumps of ehromatin (same section as Fig. 2) × 1200 

conta in ing only a few adrenal  "megMocytes ' u  were included in  the series as 
being "cy tomegal ic" .  The n u m b e r  of these cells varied considerably from case 
to case; on occasion they  were quite numerous  (Fig. 1). I n  the series presented 
here they were only seen in the " f e t a l "  cortex, and  al though they tended to 
be present  main ly  in  the inner  third,  this was by  no means invar iab ly  so. The 
cells were easily recognized by  their  large size and, above all, by  their p rominen t  

1 The terms "megalocyte" and "megalocytosis" have been used by Bull (1954) and 
by Jago (1969) to describe the significant increase in the size of the liver cells and their nuclei 
in experimental animals under the chronic influence of pyrrolizidine alkaloids. These purely 
descriptive terms are used here as synonyms for "cytomegaly". The "megalocytes" of 
the adrenal cortex are, of course, unrelated to the well-known "megalocytes" of the red 
blood cell series. There is no reason why this convenient descriptive term should be restricted 
to erythrocytes. 

Fig. 2. Higher magnification of a field of Fig. 1.--Note the eccentric position of some of 
the nuclei, and the vacuolated cytoplasm of the cell in the upper right hand corner. H.E., 6 ~. 

× 500 

Fig. 3. Microphotograph to show the characteristic nuclear appearance of "cytomegaly" 
in the adrenals of an erythroblastotic infant.--Compare these nuclei with the normal nucleus 
(arrow), and note the deformed shape of the nuclei of the "megalocytes". H.E., 6 ~. × 500 
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Fig. 5. Microphotograph to show the cytomegaly in the adrenal cortex of an infant with 
erythroblastosis fetalis.---Note the prominence of the nuclei in sections stained by the Feulgen 

stain. × 500. (Arrow :no rma l  nucleus) 

and  ve ry  large nuclei. I t  is the  appea rance  of the  nucleus t h a t  is so character is t ic  
for this  cellular change (Figs. 2, 3). The nucleus can occupy the  center  of the  
cell, bu t  can also be found shif ted towards  one pole of the  cell. I t s  prominence  
is due not  only  to i ts  size, bu t  also to  an increase in the  amoun t  of chromat in .  
Often the  nuc]eus appears  dense, so t h a t  not  much de ta i l  m a y  be recognized 
bu t  if the  in te rva l  be tween dea th  and  f ixat ion is shor t  and  f ixa t ion  is good, 
a p rominen t  chromat in  ne twork  (Fig. 4) is seen in the  nucleus, consist ing no t  
only  of more,  b u t  also of r a the r  coarser th reads  and  aggregates  t han  are found 
in the  normal  nucleus. The appearance  is f a in t ly  suggest ive of the  "Chinese  
Scroll w o r k "  of the  mega lob las t  nucleus of the  red  cell series. Whi le  this  can 
be seen qui te  well in sections s ta ined  with  hematoxyl in-eos in ,  i t  is accen tua ted  
by. the  Feu lgen  s ta in  (Fig. 5). Nucleoli  m a y  or m a y  not  be present ,  bu t  regressive 
nuclear  and  cy toplasmic  changes are common. I n  the  eosinophilic cy top lasm 
t h e y  t ake  the  form ei ther  of an i l l -defined area  of p inker  staining,  homogeneous 

Fig. 6. Another microphotograph to show regressive nuclear changes in the form of vacuola- 
t ion.~Note the ehromatin network. 6 ~, Feulgen stain. × 340 

Fig. 7. Microphotograph of cytomegalic cells from hyperplastic adrenal glands of adreno- 
genital syndrome to show nuclear pyknosis and dissolution. I-I.E., 6 t~. x 500 
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Fig. 6 

Fig. 7 
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condensation, or of irregular vacuolat ion (Fig. 2); in the nucleus they  are shown 
by  condensation and "pyknos i s "  of the chromatin,  formation of emp ty  (Fig. 6) 
or of eosinophilic nuclear inclusions of variable size and, above all, deformities 
of the nuclear outline so tha t  the shape of the nucleus becomes quite bizarre. 
I n  the end nuclear f ragmentat ion and dissolution m a y  follow (Fig. 7). While 
most  of these observations are similar to the descriptions given by  some other 
workers (Craig and Landing, 1951; Morison, 1963; Pot ter ,  1961; Bea t ty  and 
Hawes, 1955; Diamond etal., 1960; Kissane and Smith, 1967), the frequency 
with which regressive nuclear changes are found should be emphasized. I t  is 
unlikely tha t  these changes are simply an expression of the normal  involution 
of the fetal adrenal cortex in which the "megalocytes" participate.  The question 
m a y  well be asked whether these alterations are not  rather  an indication of an 
increased vulnerabil i ty of the enlarged cells to a var ie ty  of stimuli which must,  
of course, also include the normal  process of involution of the adrenal cortex. 
The fact  tha t  these large cells m a y  part icipate in the physiological involution 
of the fetal cortex should not  be taken to imply tha t  the phenomenon of cyto- 
megaly itself is an expression of this involution. This has been emphasized by  
Pot te r  (1961). One final point  should be stressed. I t  was not  possible to differ- 
entiate between various types  of "eytomegal ic  cells". Thus the cells found in 
the cortex of the hyperplastic glands of the adrenogenital  syndrome closely 
resembled those of the hypoplast ic  cortex of the anencephalic infant  of our 
series, and these in tu rn  were similar to the cells found in the adrenals of infants 
dying with erythroblastosis fetalis. 

Discussion 

The findings presented here suggest tha t  in the newborn infant  there exists 
an association between adrenocortical  cytomegaly  and erythroblastosis fetalis. 
No significant association between certain signs of erythroblastosis fetalis which 
might  reflect the severity of this disorder, such as intensi ty of jaundice, the 
presence of Kernicterus, hydrops,  etc., could be established. The only salient 
feature appears to be the fact  tha t  a high percentage of infants with adrenal 
cytomegaly  also present clinical and histological evidence of blood group in- 
compatibility. This observation is by  no means new. 

Craig and Landing (1951) had noted that in about 30% of their instances of adrenal 
cytomegaly erythroblastosis fetalis was also present. The higher incidence found in our 
series is probably due to the inclusion of minor degrees of cytomegaly. Dhom (1965) and 
Bayer et al. (1962) also pointed to the possible association between cytomegaly and erythro- 
blastosis fetalis and, in a somewhat different context, Gasser (1954) reported an instance 
of adrenal cytornegaly in an infant with hemolytic anemia. There have, however, been published 
reports of the occurrence of adrenal cytomegaly in instances where a blood dyscrasia has 
not been associated. Five such cases were also found in our series. Attention has already 
been drawn to the paper by Beatty and Hawes (1955) who noted the occurrence of con- 
genital anomalies in instances of adrenal cytomcgaly and who, therefore, thought that there 
must exist a connection between these changes. Close examination of their data, however, 
shows that the "congenital anomalies" listed comprise a rather heterogenous group. It  
contains obviously serious disorders such as fibroeystic disease of the pancreas or malforma- 
tions of the urinary tract, as well as anomalies of questionable significance such as Meckel's 
diverticulum. Since no further details of these anomalies are given, the data of Beatty and 
ttawes (1955) are difficult to evaluate. Eight years later Bayer et al. (1962) arrived at con- 
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clusions essentially similar to those of Beatty and ttawes (1955). These authors point to 
the high percentage of cases with adrenal cytomegaly who also had other anomalies. More 
recently Beckwith (1969), Sotilo-Avila and Singer (1970) and Oppenheimer (1970) have 
also commented on the presence of an assortment of congenital anomalies in infants with 
adrenal cytomegMy--the "Beckwith Syndrome". Hence it is pertinent to state that an 
occasional case in our series also presented additional congenital malformations such as 
omphalocete or anencephMy. While the occurrence of an omphMocele will obviously interest 
the upholders of the "Beckwith Syndrome", we would like to emphasize at this stage the 
cytomegMy in the anencephMic. Some years ago Kerenyi (1961) suggested a division of 
the rare cases of congenital adrenal hypoplasia into a primary or "cytomegalic", and a 
secondary or "anencephMic" type. Bayer et al. (1962), however, reported an instance of 
cytomegMy in the hypoplastic adrenals of an anencephalic infant and pointed out that, 
therefore, this division into an anencephMic as opposed to a eytomegalic type of hypoplasia 
cannot be maintained. It  should be noted that in the series presented here we also found 
one instance of an anencephalic monster whose hypoplastic adrenals contained adrenocortical 
"megalocytes", so that this aspect of the paper by Bayer et al. (1962) can be confirmed. 
But these instances apparently are rare. While we would agree that cytomegaly alone can 
no longer be considered as a criterion for the classification of adrenal hypoplasias, a division 
of the congenital hypoplastic adrenals into a secondary, "anencephalic", and into a primary, 
or "non-anencephalic" type would, on morphologicM grounds, still appear to be justified, 
particularly if the frequency with which cytomegMy has been encountered in the "primary" 
type (~ikl, 1948; Deamer and Silver, 1950; Harlem and Myhre, 1957; MacMahon et al., 1957; 
Mitchell and Rhaney, 1959) is kept in mind. MacMahon et al. (1957) realized this difference 
when they stated that "we are dealing here with a very smM1 adrenal gland composed for 
the most part of very large cells, a picture that is quite different from the miniature adrenals 
that one so commonly associates with the anencephalic state". The occurrence of adreno- 
cortical "megalocytes" in the suprarenals of the anencephMic is, however, also of great 
interest from another point of view. I t  presents a striking counterpart to the occasional 
occurrence of cytomegaly in the huge cortex of the adrenocortical hyperplasia of the con- 
genital adrenogenitM syndrome. This was reported by Craig and Landing (1951) and by 
Oppenheimer (1970) in one instance each and was also seen in one of our cases presented here. 

We are, therefore, faced with the fact tha t  cytomegMy can be encountered 
in the hypoplast ic  as well as in  the hyperplast ic  adrenal  gland a confusing 
s i tua t ion which, however, can be resolved by  our postulate  tha t  in both instances 
adrenocorticM cells are, presumably,  in tensely  s t imula ted  and  adap t  to the 
demands  made on them by developing an  appropriate  cellular machinery  in the 
form of nuclear  and  cytoplasmic enlargement ,  i.e., polyploidy. 

This suggestion is based ent i rely on the appearance of the adrenal  " m e g M o -  

cytes"  in sections s tained with such rout ine dyes as hematoxyline-eosin,  or 
with the Feulgen reagents. I t  may,  therefore, be appropriate  to draw here a t ten-  
t ion to Geitler 's (1953) treatise on endomitot ic  polyploidy. According to him 
a nucleus can be considered polyploid if it  is no t  only considerably enlarged, 
bu t  if i t  also shows a considerable increase in  the a m o u n t  of chromatin.  Nuclear 
size alone is no t  enough;  there mus t  also be present  certain s t ructural  changes 
in the nucleus. While, as has been pointed out  earlier, these nuclear  s t ructural  
characteristics may  not  always be clearly visible because of regressive changes 
taking place in the nucleus for a variety of reasons not necessarily related to 
the stimulus giving rise to polyploidy, they should, nevertheless, be firmly kept 
in mind. l~ecently, for instance, de Baker et al. (1967) reported the case of a 
young child with hypoplastic adrenals which were also stated to be "eytomegalic ". 
The cells, however, were described as large with nuclei of normal size. They, 
therefore, seem to differ from those discussed in the present paper. Cellular 

9 Virchows Arch. Abt. A Path. Anat. ]~d. 355 
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enlargement can take place for a variety of reasons, but does not necessarily 
merit the designation of "cytomegaly" as used here or by other workers quoted 
in the present review. It is, therefore, proposed to limit the term "adrenal cyto- 
megaly" to those cells that present certain morphological characteristics, such as 
significant nuclear enlargement and increased amounts and prominence of 
chromatin in the form of thick threads and clumps. These changes, in turn, 
are suggestive of polyploidy. 

The possibility that adrenal cytomegaly might represent polyploidy had 
already occurred to Craig and Landing (1951) and is also mentioned by Dhom 
(1965), b u t  t hey  d id  not  follow up this lead. App ly ing  Gei t ler ' s  (1953) cr i ter ia  
of po lyplo idy ,  however,  to the  ma te r i a l  reviewed in the  presen t  series, the  pos- 
s ibi l i ty,  t h a t  the  changes seen in the  ach'enocortical cells d id  indeed represent  
po lyp lo idy ,  s t rongly  suggested itself. Al though  we have  not  unde r t a ke n  quant i -  
t a t ive  measurements ,  slides s ta ined  wi th  the  Feulgen  reagent  are well in keeping 
with  this  i n t e rp re t a t ion  of the  morpho logy  of adrena l  ey tomegaly ,  and  the recent  
s tudies of Bor i t  and  Kosek  (1969) bear  this  out. Craig and  Landing  (1951) were 
s t ruck  b y  the s imi la r i ty  of these cells to  adrenocor t ica l  cancer cells. Cancer 
cells can, of course, f requent ly  be po lyp lo id :  " I t  has been seen t h a t  t hey  often 
have  an abnorma l ly  large nucleus, and  cy to logy  has shown t h a t  this  p r o p e r t y  
corresponds to a po lyp lo id  or he te roplo id  condi t ion of the  chromosomes"  (Le 
Bre ton  and  Mou]e, 1961). I t  is, therefore,  unde r s t andab le  t h a t  Craig and  Landing  
(1951) and,  la te r  on, She rman  et al. (1958) should have been impressed  with  the  
"anaplastic" aspects  of these cells. I t  is, however,  less easy to  unde r s t a nd  why  
Sotelo-Avila  and  Singer (1970) should have  sepa ra t ed  these " a n a p l a s t i c "  cells 
in the  fetal  c o r t e x - - t o  t hem evidence of cancer in situ! f rom similar  cells in 
the  adrena l  cor tex  of the  adu l t  or, for t h a t  mat te r ,  of the  infant  suffering from 
condi t ions o ther  t han  the  " B e c k w i t h  S y n d r o m e " .  F o r  po lyp lo idy  " . . .  cannot  
be considered as a specific character is t ic  inseparable  from carcinogenesis"  (Le 
Bre ton  and  Mou]e, 1961), and  the  quest ion arises as to  the  significance of poly-  
p lo idy  in non-neoplas t ic  condit ions.  

Information on this point is rather scanty. According to Gabe and Arvy (1961) ° ' . . .  it is 
difficult to give a functional interpretation of the relation of the activity of certain tissues 
and endomitosis"; they quote Geitler (1953) as having pointed out that "in all probability 
endomitosis creates a lesser functional disturbance than mitosis; this would explain the 
functional significance of endomitosis in especially active gland cells". Although Rather 
(1958) considers this a questionable assumption, he states elsewhere that " . . .  in comparison 
with mitotic division, endopolyploidization appears to be a shorter process, and one less 
apt to interfere with the normal activity of the cell". Similarly Bungenberg de Jong (1957) 
also states that "if cells are implicated in an important functional process in an early stage, 
this function should not be allowed to be interrupted for the sake of growth". Since the 
process of mitosis involves the whole cell, endomitosis would render possible growth without 
the function of the cell being unduly disturbed. Furthermore, "Endopolyploidy or polyteny 
represent one of the two possible ways of increasing, in the cell, the quantity of material 
directly concerned with the intracellular synthesis of proteins" (Le Breton and Moule, 1961), 
and thus, presumably, also of other substances which result from the increased function 
of the cells. The findings of Borit and Kosek (1969) are well in keeping with this interpretation 
of the functional significance of polyploidy. While this, admittedly teleological, interpretation 
at the moment can only be viewed as a working hypothesis, it can account for the otherwise 
"puzzling" (Morison, 1963) ~aet that adrenal cytomegaly has been found in a variety of 
conditions which apparently are unrelated. "No common feature is present to explain the 
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significance of the change" (Morison, 1963). Potter (1961) similarly has pointed out that 
she could not find any "recognizable similarity in maternal conditions or in the causes of 
the infants' death". 

The d i f f icul ty  in unde r s t and ing  this  phenomenon  seems to have  res ided ma in ly  
in the  efforts of some workers  to ascr ibe the  deve lopmen t  of the  large cells of 
the  adrena l  cor tex  exclus ively  to one fac tor  or to another .  We  prefer,  in keeping 
with  the  observa t ions  of P o t t e r  (1961) and  of Morison (1963), quoted  above,  
to view adrena l  cy tomega ly  mere ly  as an expression of the  demands  made  by  
a va r i e t y  of factors  on the  funct ioning adrenocor t ica l  cells. How can one other-  
wise expla in  the  f requency  of cy tomega ly  in e ry throblas tos i s  f e t a l i s - - a  p r o t r a c t e d  
in t rau te r ine  " s t r e s s "  which clearly mus t  cons iderably  t ax  the  mechanisms of 
a d a p t a t i o n - - o r  i ts  associat ion with  congeni ta l  mal format ions ,  usua l ly  of a serious 
na tu re  ? H o w  is one to account  for the  presence of cy tomega ly  in the  hypoplas t i e  
adrenals  of the  anencephal ic  mons te r  as well as in the  hyperp las t i c  g land of the  
in fan t  wi th  adrenogeni ta l  syndrome  ? The s t imulus  need not  necessar i ly  be a 
pa thologica l  one. The claims of K a m p m e i e r  (1927)1 Uot i la  (1940), Craig and  
Land ing  (1951) and B a c h m a n n  (1954) of having  encountered  adrena l  cy tomega ly  
in some fetuses, and  the  presence of a rare  cytomegal ic  cell in the  adrena l  cor tex 
of an embryo  of 5 em's  (crown-rump) length  f rom a spontaneous  abor t ion  in 
our own mater ia l ,  no t  inc luded here, suggest  t h a t  even seemingly normal ,  "phys io -  
logica l" ,  demands  made  on the  adrenals  a t  a t ime of r ap id  growth  m a y  lead 
to  the  deve lopmen t  of adrenocor t iea l  po lyplo idy ,  perhaps  because the  po lyp lo id  
cell m a y  be be t t e r  equ ipped  to meet  these demands  under  the  prevai l ing  condit ions.  

Some add i t iona l  pe r t i nen t  points  should be ment ioned  here. Cy tomega ly  is 
not  a fea ture  which is l imi ted  to the  adrenals  and,  therefore,  charac ter i s t ic  
for them. 

Diamond et al. (1960), for instance, have described the very interesting case of an infant 
born to a leukemic mother treated with Myleran. At necropsy the infant showed extensive 
cytomegaly of the adrenals, but a similar cytomegalie change was also seen in several other 
organs. Cytomegalic cells in the testis have been found in one infant with adrenal cytomegaly 
by Sotelo-Avila and Singer (1970). Cytomegaly has also been described in the hyperfunctioning 
follicular cells of the human thyroid gland in hyperthyroidism (Wigelin, 1926) and, under 
varying conditions, particularly in the liver of experimental animals (Jago, 1969; BulI and 
Dick, 1959; Schoental and Magee, 1959; Schoental and Bensted, 1963). Widespread cyto- 
megalic change in a variety of organs, including the adrenals, has recently been described 
in cases of ataxia teleangiectasia (Aguilar et al., 1968). These observations support the view 
that under certain poorly understood conditions many cell types can become cytomegalic 
or polyploid, perhaps because normal mitosis is inhibited or because they can better function 
under these conditions. Another point of interest is the frequency with which regressive 
nuclear changes are found in cytomegalic adrenocortical cells. No attempts, to our knowledge, 
have been made to explain this change in the adrenal, but de Jong (1957) has drawn attention 
to the nuclear distortions frequently found in polyploid cells. I t  may well be that the advantage 
of the postulated heightened, or more effective, functioning of the polyploid cell is also 
accompanied by its increased vulnerability or by a shortened life span. This possibility 
is in keeping with the tentative conclusion of Bull and Dick (1959) who also thought that 
the"  very accelerated polyploid change" seen in the liver ceils of experimental animals treated 
with pyrrolizidine alkaloids "carries with it u precocious senility or a high susceptibility 
to certain injurious substances or both". 

F ina l ly ,  and  this  po in t  fi ts well wi th  the  hypothes is  suggested here, adrena l  
cy tomega ly  is no t  a fea ture  of the  fe ta l  adrena l  cor tex  only. Al though  adrena l  
ey tomega ly  is most  f r equen t ly  seen, and  hence best  known, in the  cor tex  of 

9* 
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the premature or full-term neonate, it is by no means limited to this age group. 
Large cells with, often, giant nuclei have been fonnd quite frequently in the 
adrenals of patients with Addison's disease (Kissane and Smith, 1967; Dietrich 
and Siegmund, 1926; Steinbiss, 1926; Guttman, 1930; Wells, 1930; Russfield, 
1955). Fig. 4 of Guttman's (1930) paper, for instance, depicting a cytomegalic 
cell from the adrenal cortex of an adult patient with Addison's disease, closely 
resembles the cells seen in the adrenal cytomegaly of infants. Sotelo-Avila and 
Singer (1970) are merely confusing the issue when they caution that  "these 
enlarged cells in the cortex of adults should not be confused on morphological 
grounds", without adducing one single criterion by means of which these cells 
can be distinguished. Wells (1930) viewed these large cells as representing "un-  
doubtedly a process of regeneration or compensatory hyper t rophy".  The oc- 
currence of adrenal cytomegaly in adult Addison's disease is of interest in view 
of the presence of adrenal megalocytes in the "p r imary"  type of congenital 
adrenal hypoplasia in infants which frequently also produces signs of adrenal 
hypofunction; the occasional finding of adrenocortical giant cells also in the 
"anencephalic" type has already been alluded to. Adrenal cytomegaly has also 
been demonstrated in various other pathological conditions involving the adrenals, 
such as Cushing's disease or aldosteronism (Bayer et al., 1962; Therien et al., 
1959; Kracht and Tamm, 1960; Cohen et al., 1959; Chute et al., 1949). These 
instances of adrenal overactivity again find a parallel in the occasional case of 
congenital adrenal hyperplasia with cytomegaly in the infant. 

Adrenal cytomegaly, therefore, is not a characteristic of the fetal adrenal 
cortex only, but  seems to be one of the possible responses of adrenoeortical 
cells to stimuli, whose nature can vary, but  whose effect must be an activation 
of the endocellular mechanisms concerned with the heightened or altered function 
of those cells that  are responsive. Hence the surviving cells in Addison's disease 
as well as the stimulated cells of the hyperplastic cortex or the neoplastic cells 
of adrenal tumors can present the same eytomegalic characteristics leading to 
the appearance of po]yploidy. The occurrence of adrenal "megalocytes" in 
erythroblastosis or in "stressful" congenital abnormalities also falls into this 
category of cells with an activated endocellular machinery. We have so far 
avoided the use of the terminology of "stress",  although clearly most of the 
features of the problem presented here could easily be interpreted in these terms. 
But it seems that  the acute stimulation of the adrenal cortex by ACTH does 
not produce fully developed polyploidy, only nuclear enlargement (Stark et al., 
1965; Pehlemann and Hanke, 1968) and/or mitosis, unless perhaps--as in all 
instances encountered here-- the stimulation is protracted and not "sudden" .  
This question had already been raised in a modified form by Tonutti, Bayer, 
and Spiegelhoff (1960/61) in their discussion of the adrenogenital syndrome. 
Attention should be drawn in this context to an interesting parallel from the 
field of experimental pathology of the liver. Schoental and Magee (1959), Bull 
and Dick (1959), and Jago (1969) noted that  only the prolonged effect of hepato- 
toxins led to the indnction of hepatic megalocytosis. Rather (1958), on the other 
hand, stated that  polyploidy is frequently encountered in glands characterized 
by intensive, but transitory states of hyperfunction. The tacit assumption of 
the involvement of the pituitary-adrenal axis in "stress" would at first thought 
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seem to be contradicted by the occasional occurrence of eytomegaly in the hypo- 
plastic adrenals of the aneneephalie infant with a small adenohypophysis. A 
moment ' s  consideration, however, will show tha t  this objection is not really 
pertinent to the problem of eytomegaly or polyploidy, the conditions for whose 
development are unknown. We can merely infer that  the eytomegaly of the 
adrenal cortex occurs under conditions which must  rather severely tax the 
cortical eells, so that  some cells--their number may perhaps depend on the 
severity of the s t imulus--become polyploid, because this cytological change 
enables them to meet the demands placed upon them. While it is difficult to 
envisage such a change in the absence of ACTtI, there is no convincing evidence 
in the human tha t  it must  be ACTI-I-dependent. I t  is, however, interesting to 
note tha t  the presence of giant cells in the adrenals has been interpreted by 
earlier workers as evidence of pituitary activity (Russfield, 1955), and Beekwith 
(1969) states that  "cytomegaly  in endocrine tissues is in general a response to 
overstimulation".  We should, therefore, like to conclude by summarizing our 
views to the effect tha t  in our opinion cytomegaly of the adrenal cortex is merely 
an example of a cellular phenomenon which can be seen in other cells as well, 
which can occur, as far as the adrenals are concerned, under conditions which 
call not necessarily for the increased function of the whole adrenal cortex, but 
merely for the increased function of some cells, and which is accompanied in 
the responsive eells by ehanges interpreted as polyploidy. The morphological 
expression of this response is the familiar picture of the large cells with the 
characteristic large nueleus known as "adrenal  eytomegaly ". 

One final point should be made. l~eeently Beckwith (1969) and others (Irving, 
1967) described a combination of certain features which is now being known 
as "Beckwith 's  Syndrome" (Sotelo-Avila and Singer, 1970; Borit and Kosek, 
1969). I t  is characterized by "omphaloeele, macroglossia, adrenal cortical eyto- 
megaly, hyperplasia of gonadal interstitial cells, renal medullary dysplasia and 
hyperplastie visceromegaly" (Sotelo-Avila and Singer, 1970). A glance at Table 3 
of Sotelo-Avila and Singer's (1970) paper, as well as Irving's  (1967) and Oppen- 
heimer's (1970) remarks, show that  the manifestations of this syndrome are 
rather variable. Here we are only concerned with its adrenal manifestations 
whieh are stated to be a) adrenal cortical cysts and b) adrenal cortieal eyto- 
megaly. Cystic changes in the adrenal cortex are seen so frequently in the fetus 
and newborn tha t  their significance as part  of any syndrome is more than question- 
able. Beckwith (1969) himself expressed reservations on this point. Adrenal 
cytomegMy, on the other hand, is considered by Sotelo-Avila and Singer (1970) 
to be " the  most consistent endocrine gland abnormali ty in patients with the 
syndrome of hyperplastic fetal visceromegaly". Irving (1967) and Beckwith (1969) 
also view it as a component of the syndrome. If  the hypothesis advanced here 
is correct, then the frequent occurrence of adrenal eytomegaly in patients with 
markedly enlarged viscera, including the pancreas, and other taxing anomalies 
should occasion no surprise. One may, however, well question whether the in- 
clusion of this non-speci/ic reaction as a "mos t  consistent" feature of this, or 
any other syndrome for tha t  matter,  is justified. 
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