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ABSTRACT

T he u ltrastruc tu re of 12 cases o f parathyroid  adenom as is analyzed in 
the ligh t o f recen t discoveries o f b iochem ical functions o f the  parathyroids.
V ariants o f parathyroid ch ief cells form ing the adenom as are illustra ted  and 
cytologic details  are explored. T he correlation of cytoplasm ic structures 
w ith  horm one synthesis, transfer, secretion and  in tracellu lar lysosom al 
d eg rad a tio n  is rev iew ed . A h o rm o n e  sec re to ry  cyc le  in  p a ra th y ro id  
adenom as is not observed. C u rren t know ledge o f parathyroid  b iochem istry 
does su p p o rt m odulation  o f horm one p ro d u c tio n  and  deg radation  by 
parathyroid  ch ie f  cells ra ther than  a cyclic secretory activity. U nusual struc
tu re s  and  a lte ra tio n s  o f  th e  norm al o rg an e lles  found  in  p a ra th y ro id  
adenom as are described  and illustrated . C ontrary to detailed  know ledge of 
horm one synthesis, little is know n about o ther m etabolic and structural 
alterations in these adenom as. T he reasons for m assive accum ulation of 
lipid, glycogen and m itochondria rem ain  to be explored. As yet, n e ith e r 
u ltrastructural investigation nor b e tte r understand ing  o f biochem ical proc
esses o f  horm one production  have led  to recognition of etiologic factors 
inducing  parathyroid adenom as.

Introduction

E nlarged  parathyroids w ith associated 
h yp erp ara th y ro id ism  con tin u e  to ch a l
lenge surgeons and pathologists. In  p ri
mary hyperparathyro id ism , d ifferen tiat
ing  adenom a from ch ie f cell hyperplasia, 
be it diffuse or nodular, may be difficult at 
the tim e of surgery. It was sugge s ted 26 that 
any single parathyroid  w eighing over 60 
mg or the total w eigh t of four parathyroids 
over 135 mg is suspicious o f adenom a or of

* This study was partially supported by Contract 
#NOI-CP-3-3393 from the Division of Cancer Cause 
and Prevention, National Cancer Institute.

hyperplasia. T he diagnosis of adenom a 
m ay be c o n s id e red  ju s tif ie d  i f  a com 
pressed  norm al or “atrophic” rim  o f para
thyroid  tissue is form ed next to th e  tum or, 
if the o ther parathyroids are v isualized  
and are found “ norm al in s ize” and at least 
one of those is es tab lish ed  by biopsy and 
histologic exam ination to be o f  norm al 
parathyroid tissue and, after rem oval o f 
th e  tum orous gland, no hyperca lcem ia  
develops w ith in  two years. T h e  repo rted  
frequency of parathyroid adenom a is 82 
percen t in  a large series of cases o f p ri
mary hyperparathyroidism . H yperp lasia  
is found in ab o u t 15 p e rcen t and  car
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cinom a in 3 percen t o f the cases.7 O ne 
form o f hyperplasia , the w ater c lear cell 
hyperp lasia , can b e  d iffe ren tia ted  from 
clear cell adenom as on the  basis o f ultra- 
structural dem onstration of nonglycogen 
containing cytoplasm ic vacuoles in w ater 
clear cells. 1-2-3"4>5>6>25

C arcinom as are re co g n ized  by  th e ir  
h isto log ic  ch a rac te ris tic s . M itoses are 
pathognom onic of carcinom a, as no glan
dular ep ithelia l cells in m itosis are e n 
coun tered  in  adenom as or hyperp lasias.1

The u ltrastructure o f norm al and patho
logic parathyroid glands was described  
m any years prior to know ledge of the  b io 
chem ical m echanism  o f parathyroid hor
m one (P T H ) sy n th e s is  a n d  s e c re 
tion 1>2>4-12'23>24.27

Analogy w ith anim al m odels and w ith 
functions of o ther endocrine glands re
sulted in elaborate schem es to correlate 
s tructu re  w ith  syn the tic  an d  secreto ry  
function. T he biochem ical findings now 
p erm it a m ore p rec ise  corre la tion  and  
rep resen t major progress in parathyroid  
physiology.

The past few years have w itnessed  de
velopm ent of im m unoassays specific for 
PTH  and for proparathyroid  horm one.18,19 
C om plete sequencing  was accom plished 
o f  th e  h u m an  a n d  se v e ra l  an im a l 
parathyroid horm ones and  o f th e ir p recu r
sors.8, 11,16 R adioautographic studies have 
perm itted  localization o f new ly secreted  
horm onal po lypetides in  subcellu lar or
ganelles, and tim e sequence stud ies p er
m itted  observation o f th e ir in tracellu lar 
m igrations.9,10,14,20,21,22

In  this report on the u ltrastructure of 
hum an parathyroid  adenom as it is pro
posed  to rev iew  the cytoplasm ic organiza
tion, the structures co rre la ted  w ith hor
m o n e  p ro d u c tio n  an d  d e g ra d a tio n  in 
parathyroid adenom as and note observa
tions on unusual structural variations. T he 
u ltrastruc tu re o f para thy ro id  adenom as 
shows great variation from case to case 
and  according to cell types. In  addition  to 
quantita tive variation of norm al structure,

m orphologically  abnorm al cy toplasm ic 
organelles m ay b e  encoun tered . To illus
trate  som e of the  find ings, 12 cases of 
adenom as have b een  selec ted  from the 
files of St. Jo sep h ’s H ospital.

Clinical Material and Methods

Summary of clin ical inform ation in  the 
12 cases o f pu tative parathyroid  adenom as 
is sum m arized in tab le  I. T he follow-up 
p e r io d  o f  tw o  to  n in e  y ea rs  sa tis fie s  
criteria  for diagnosis in the  first six cases. 
T he last six cases have b ee n  follow ed 
m ore than  one year, b u t less than  two 
y ea rs ; o th e rw is e , th e y  also  sa tis fy  
param eters previously  m entioned: p res
ence of com pressed rem n an t of “norm al” 
p a ra th y ro id , id e n t i f ic a t io n  o f  o th e r  
parathyroids as “ norm al” w ith  b iopsy of at 
least one add itional gland and  normocal- 
cem ia postoperatively.

T issue from the parathyroids was fixed 
in  g lu ta ra ld eh y d e  w ith o u t de lay  after 
surgery and  it was processed  by standard 
m ethods for e lectron  m icroscopy and  for 
h is to lo g ic  e x a m in a tio n . A ll o f  th e  
adenom as w ere  single and  all cases w ere 
in fem ale patients. T he age ranged from 
22 to 79 years at tim e of surgery. In  two 
cases, the adenom as w ere intrathym ic and 
req u ired  approach through  the sternum .

Cytology of Parathyroid Adenomas

T he ce llu la r u n it o f the  parathyro id  
parenchym a is the ch ief cell. T he ch ief 
cells synthesize and secrete the  horm one. 
Cytologic variations o f ch ie f  cells in nor
mal glands are the ligh t and dark ch ief 
cells. In the light ch ie f cells, the cyto
plasm ic organelles are separated  further 
than in  the dark cells by a diffuse in term ix
ing o f glycogen w ith the m icrosom al e le 
m ents, thus giving the  cytoplasm  a ligh ter 
appearance both  by the ligh t and  by the 
electron m icroscope. W ith aging, som e 
c h ie f  c e lls  e n la rg e  a n d  a c c u m u la te  
m ito ch o n d ria  in  th e  cy toplasm . T h ese
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cells, referred  to  as oxyphil cells, form 
small islands in the  norm al g land  and have 
a granular acidophillic cytoplasm  by light 
microscopy. T he m any m itochondria  may 
obscure the  p resence o f horm one (pro
tein) synthesizing organelles. T h ese  same 
c e ll  ty p e s , b o th  h y p e r tr o p h ie d  an d  
h y p e rp la s tic ,  a re  re c o g n iz a b le  in 
adenom as and in ch ie f ce ll hyperplasias. 
In  adenom as and ch ie f cell hyperplasias, 
th e  ad d itio n a l g lycogen  accu m u la tio n  
m ay be massive, w ith  glycogen alone oc
cupying large portions o f the  cytoplasm , 
d isplacing the cytoplasm ic organelles and 
giving a clear appearance to the  cytoplasm  
by  lig h t an d  by  e le c tro n  m icroscopy . 
T hese cells are referred  to as c lear cells or 
sm all clear cells in  d istinc tion  to the  large 
or w ater clear cells encoun te red  in diffuse 
clear cell hyperp lasia  of th e  parathyroids. 
T he w ater clear cells con tain  a vacuo
la te d  cy top lasm . T h e  200 to  500 ¿im  
m em brane-bound vacuoles have a w ater 
c lear con ten t o ther than  glycogen. The 
ch ie f  cells in the norm al g land are ra th e r 
sm all from 7 to 10/* m. In hyperp lasia  and 
in adenom as these  cells en large to 20 ¡x m 
and the clear cells up  to 35 f im .  W ater 
c lear cells are rep o rted 25 to m easure up  to 
40 fju m. C lear cytoplasm ic appearance by 
lig h t m icroscopy occasionally is due to an 
accum ulation of lip id  vacuoles ra ther than  
to glycogen. Small lip id  vacuoles are seen 
to interm ix w ith  cytoplasm ic organelles 
th roughout these cells. All o f the ch ie f 
cells and th e ir variations in addition  con
ta in  v a ry in g  n u m b e rs  o f s e c re to ry  
granules, lysosomes and  lip id  bodies.

In  adenom as, the  en tire  adenom a may 
be form ed of dark and ligh t ch ie f cells or 
any o f the o ther variant cell types. O ne of 
the  cases (Case XI) is of a classical c h ie f  
cell adenom a w ith  dark and ligh t ch ie f 
cells side by side. Both o f these  cell types 
contain p rom inent p ro tein  secretory ap 
paratus. O ften, m ore than  one cell type is 
p resen t in the adenom a.

T hree types of ligh t ch ie f  cells w ere en 
coun tered  in our m aterial. First, in  th ree

cases (Cases VI, V III and  X), large areas of 
the  cytoplasm  appear em pty  or slightly 
and uniform ly gray. T hese  spaces contain 
PAS (periodic acid-Schiff) positive m ate
rial d igestib le w ith  diastase and  are con
s id ered  u n s ta in ed  g lycogen accum ula
tions by electron  m icroscopy (figures 1 
and 2). In  earlier studies, this cell type was 
referred  to as vacuolized ch ie f ce lls .1 Sec
ond, as in  Case X II w hich  is histologically 
a clear cell adenom a of large cells m easur
ing 25 to 4 5 /i m in  d iam eter, the cytoplasm  
is c o m p le te ly  f i l le d  w ith  g ly co g en  
granules (figures 3 and  8). This cell type is 
classified as clear ce ll ra ther than w ater 
clear cell ow ing to the glycogen content 
and the lack of m ultip le  clear m em brane- 
bound  vacuoles. Third , the  ligh t appear
ance of the cytoplasm  in one case (Case 
III) is en tire ly  due  to accum ulation of 
lip id  vacuoles (figure 4).

M ito c h o n d ria  a re  p r e s e n t  in  all 
adenom a cells, b u t in oxyphil cells they 
d o m in ate  the  cy top lasm . E xam ples o f 
adenom as p redom inan tly  o f oxyphil cells 
in term in g led  w ith  transitional oxyphils 
are our Cases IV and  VII. L ittle  or no 
glycogen and  m inim al con ten t o f lip id  
vacuoles are present. T he m itochondria 
show the usual cylindrical or round pro
file on section, b u t in  som e m itochondria 
large electron dense  spherical deposits 
are present. T he cell nucle i are spherical, 
w ith  one or tw o nucleoli. T he nuclear 
chrom atin is variable from uniform  finely 
granular d istribu tion  to rough clum ped 
chrom atin  d ep o sited  along the  nuclear 
m em brane. D ouble n u c lea ted  cells are 
frequent (figure 5).

T he parenchym al cells ab u tt upon the 
perivascular space at least by  one cell sur
face, and groups o f cells nestle  betw een  
capillaries. A lobular pattern  or sheaths of 
cells occasionally w ith  an  acinar arrange
m ent are often present. T he cells are sepa
ra ted  from the  perivascu lar space by  a 
basem ent lamina. B etw een cells are des- 
mosomes, and the space is filled  w ith a 
ra ther elec tron  dense  hom ogeneous m ate
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rial sim ilar to that form ed in the  occasional 
acinar lum en. M icrovilli are seen to ex
ten d  into both  the  acinar and in tercellu lar 
spaces.

T he vascular strom a that supports the 
parenchym al cells is ra ther inconspicuous 
by  light m icroscopy. By electron m icros
copy, th e  e n d o th e lia l lin in g  is o f the  
fenestrated  type. B etw een  the  endothelial 
basem ent lam ina and that of the ep ithelial 
cells, a space of uniform  relatively  low 
electron  density  is seen  to contain a few 
collagen fibers, ce llu lar extensions o f fi
broblasts and occasionally unm yelinated  
nerve fibers. T hese spaces are consider
ably w id en ed  in  larger adenom as w ith 
degenerative changes and cysts.

S tru c tu res  C o rre la te d  W ith  H o rm o n e 
P roduction

In  table II are sum m arized the known 
events of horm one production. T he rough 
endoplasm ic re ticu lum  (RER) is the  site of 
po lypeptide synthesis (figure 9). T he p re
cursor of parathyroid horm one (PTH) is 
synthesized on th e  ribosom es as a transla
tional product o f the  specific mRNA. The 
first 25 sequences re ferred  to as “presig
nal s e q u e n c e s ” le ad  th e  p o ly p e p tid e  
m olecule into the  cisternal space o f the

T A B L E  II
ORGANELLES KNOWN TO PARTICIPATE IN 

HORMONE PRODUCTION

ORGANELLE FUNCTION PRODUCT

Nucleus: T R AN S C R IP TIO N m R N A

Ribosomes-ER T R A N S L A T IO N Pre-ProPTH

ER-Membrane SPECIFIC PEPTIDASE ProPTH

ER-Cisternae T R AN S FER  TO G O LG I

Golgi Complex TR YPSIN  L IK E  A C T IV . 
C ARBO XYPEPTIDASE-B PTH

Golgi Vesicles PA C K AG IN G Sec. Granules

Lysosomes D E G R A D A T IO N Am inoacids

M itochondria EN ER G Y FOR T R AN S FER

M icrotubules ?

RER w here the  leader sequence is re
m oved by a m em brane associated p ep 
tid ase .16 T he lum en  is reached  by the  
p roparathy ro id  horm one. T h e  proP T H  
contains a basic hexapeptide sequence, 
the “pro” sequence w hich p recedes the 
am inoterm inus of the horm one.14

T he proPT H  is transported  through  the 
cisternal system  and possibly by vesicles 
derived  from it into the Golgi com plex. 
T h is tran sp o rt is sep a ra te ly  re g u la ted  
from the synthesis and is energy d ep en d 
en t. T he pro-horm one reaches the  Golgi 
com plex in  abou t 15 m inu tes.11 A m em 
brane associated proteolytic activity splits 
the  hexapeptide “ pro” sequence off the 
proparathyroid horm one w hich is encased  
in the Golgi vacuoles. F irst, these  vac
uoles are large and  contain relatively  little  
electron-dense m aterial and are re ferred  
to as p ro -secre to ry  g ranu les (figure 9, 
arrow).

Later, th e  vacuolar envelope retracts 
around the  d en se r secretory m aterial and 
forms the secretory granule contain ing the 
PT H . T h ese  are argen tophy lic  b u t are 
acid phosphatase negative. T he granules 
are p leom orphic and vary from 100 to 500
11 m. T hey  m igrate to the periphery  o f the 
cell w here  they  may be  expelled  into the 
extra-cellular space by exocytosis or they  
m ay be in te rcep ted  by lysosomal bodies 
(figure 10). Lysosom es iden tified  by th e ir 
acid phosphatase activity are found as 400 
to 900 pi m irregularly  shaped  electron- 
d e n s e  m e m b ra n e -b o u n d  o rg a n e lle s .  
L y so so m al d e g ra d a tio n  o f s e c re to ry  
granules is u n d er control of calcium  ion 
co n cen tra tio n . L ysosom al b o d ies  fuse 
w ith secretory granules and effect a deg
ra d a tio n  o f  th e  P T H .15-28 A d d itio n a l 
s tructu res th a t m ay play a part in  th e  
t ra n s p o r t  o f  p ro -h o rm o n e  a re  m ic ro 
tubules suggested  by enzym e inh ib itio n  
studies.9,14,20 U ltrastructural localization 
o f  p ro -h o rm o n e  a n d  P T H  w as ac 
c o m p lis h e d  b y  ra d io a u to g ra p h ic  an d  
c o m b in e d  c h e m ic a l u l t ra s t ru c tu ra l  
m eth o d s.11,21
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F ig u r e  1. Small clear cell. Cytoplasmic organelles are displaced by unstained accumulation of glycogen. 
(Case 6). x 6400. Figure 2. Parathyroid adenoma. Small clear cells, histologic section, H and  E. (Case 6). x  450. 
Figure 3. Portion of clear cells with massive accum ulation of glycogen granules. Note the juxta-nuclear parallel 
arrays of rough endoplasmic reticulum (RER) and mitochondria. (Case 12). x  8400.
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F ig u r e  4. Clear cells with accumulation of lipid bodies. (Case 3). x  3500. Figure 5. Oxyphil cells. 
Mitochondria fill the cytoplasm. Secretion granules and lysosomal bodies are present. (Case 4). x  3000.
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In all parenchym al cells of parathyroid 
ad en o m as, o rg a n e lle s  id e n tif ie d  w ith  
horm one synthesis, transfer, packaging 
and  secretion are p resen t and are usually 
m ore p rom inen t than  those seen  in norm al 
parathyro id  cells. A horm one secretory 
cy c le  c a n n o t b e  id e n tif ie d  in  h u m an  
adenom as and hyperplasias. In parathy
ro id s  o f p a r tu r ie n t  cow  an d  in  o th e r  
species, parathyroids u n d er special ex
perim enta l conditions w ere considered  to 
have specific m orphologic appearances 
associated w ith  various phases of secre
tory activity.28

E fforts to  co rre la te  serum  im m uno- 
reactive parathyroid horm one concentra
tion  w ith  secretory activity o f adenom as 
are fraught w ith  difficulties. O ne is the 
problem  of specificity  of the antiserum  in 
th e  p re se n c e  o f im m u n o reac tiv e  frag
m ents of PTH . A nother is the rap id  degra
dation of PTH w ith  a h a lf  life of about four 
m inutes. T he biosynthesis of PTH  was re 
cently  rev iew ed  by H abener and  Potts.16

It is considered  that about one-fifth of 
the total b iosyn thetic  activity of the para
thyroid is devoted to horm one synthesis. 
T he rate o f horm one synthesis is u lti
m ately regu la ted  by the calcium  concen
tration in  extracellu lar fluid. Low calcium  
levels w ere found to increase PTH  secre
tion up to five fo ld13,17 and high plasm a 
calcium  levels over 11 mg per 100 ml w ere 
found to reduce PTH  secretion to a m ini
m al b u t s ig n ific an t b asa l ca lc iu m -in 
d ep e n d en t sec re tion  rate. In tracellu lar 
degradation of horm one by lysosomal en 
zym es was show n to be calcium -sensitive 
in  in vitro  studies. Norm ally, more PT H  
is m an u fac tu red  by th e  glands th an  is 
req u ired  for m ain tenance of the normo- 
calcem ic state. T he excess horm one is d e 
graded  w ithin  the  cells. H igh concentra
tion o f calcium  stim ulate and low calcium  
concentrations in h ib it lysosomal degrada
tion  of the horm one.

W ith the maximal PT H  secretion being  
lim ited  to about five tim es the norm al sec
retory rate, hypertrophy and  hyperplasia

are o f necessity  the glands’ response to 
persisten tly  low levels o f calcium  in ex
tracellu lar flu id  as in secondary h yper
parathyroidism .

An im portant array o f cytoplasm ic or
ganelles partic ipa te  in horm one p roduc
tion. Just as im portant, how ever, a list may 
be draw n o f o ther structures no t know n to 
partic ip a te  in  horm one p roduction . In  
pathologic states, these may ec lipse the 
horm one secretory  apparatus to a large ex
ten t as does accum ulation o f lipid, glyco
gen  and  m itochondria in adenom as and 
hyperplasias. T his of course is not su rp ris
ing if it is realized  that four-fifths of the 
parathyroids b iosynthesizing apparatus is 
d ed ica ted  to functions o th er th an  hor
m one syn thesis. T he m etabo lic  a lte ra 
tions of parathyroid  ch ie f cells ou tside of 
the  horm one secreto ry  cycle have not 
b een  system atically investigated.

O ther norm al cytoplasm ic constituents 
are m icrofilam ents at the p erip h ery  o f the  
ce lls  an d  c e n tr io le s . In tracy to p lasm ic  
cilia are occasionally enco u n te red , b u t 
th e ir significance, if any, is not clear.

O bservations on U nusual S tructures

C ase VI is rem arkable because o f the 
large num ber o f stacked annulate  lam el
lae in the light ch ie f  cells. In  addition, this 
case contains num erous m ultinucleated  
g ian t cells (figure 6). T he giant cell nuclei 
a re  o f  ir re g u la r  o u tl in e  w ith  ro u g h  
chrom atin pattern. T he cytoplasm  is dark 
with condensation of organelles and many 
m ito c h o n d ria . A n n u la te  lam e llae  are 
num erous in the giant cells as w ell. T he 
origin and significance of annulate  lam el
lae is not certain . M orphologically, these 
are parallel lam ellar systems in terru p ted  
by num erous pores a t regular intervals. 
T hey  may form w horl-like or sem icircular 
concen tric  arrays sim ilar to system s of 
RER. O ccasionally, annulate lam ellae are 
found continuous w ith  cisternae of RER. 
A nother form of intracytoplasm ic m em 
brane abnorm ality  is illustra ted  in figure
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11. A ccum ulation o fhaphazard ly  o rien ted  
m em brane profiles upon  close scrutiny 
are found to consist o f endoplasm ic re 
ticu lum  re flec ted  upon itse lf  re ta in in g  
ribosom al granules only on its external 
surface, the  cisternal spaces b e in g  sepa
ra ted  only by  th e  d o u b le  lay er o f the  
sm ooth  m em b ran e . No d e sc r ip tio n  in  
o ther adenom as of this type o f change has 
b een  found by us.

M itochondria may form pecu lia r bodies 
in  association w ith stacked parallel arrays 
o f  R E R . In  C ase  X II, m an y  o f  th e  
m itochondria appear co llapsed  and e lon
gated b etw een  the parallel rough m em 
branes o f the ER. T he two ends ex tending  
outside o f the stacked lam ellae m ay con
tin u e  into a norm al m itochondrial struc
tu re  or may be seen only as cross-section 
o f bulbous vesicles d efin ed  by the  double 
m em brane o f m itochondria (figures 8 and 
13). In  the  co llapsed  zone, six parallel 
e lec tron  d en se  m em branes closely  ap
posed w ith fine uniform  sinusoidal pat
te rn  are  se e n  on lo n g itu d in a l  cross- 
sections. Incom ple te ly  co llapsed  forms in 
tran s itio n  from  no rm al m ito c h o n d ria l 
s tructu re  to the  very co n d en sed  m em 
branous structure are com m on. Incom 
p le te ly  c o lla p se d  m ito c h o n d ria  w e re  
found in ano ther case by T h ie le .29

A nother unusual finding in  C ase VI is a 
paracrystalline inclusion in  an  area o f the 
cytoplasm  exceptionally  rich  in RER. T he 
structure is not b ound  by m em brane. The 
crystalline array show a periodicity  of 20 
nm  (figure 12).

Rarely in the perivascular in terstitium , 
unm yelinated  autonom ous nerve fibers 
are recognizable. In  one field, a nerve e n 
ding  forming synapsis w ith  ch ie f  cells has 
b een  observed. Viral partic les w ere not 
encountered, although the  adenomas were 
carefu lly  su rveyed  for th e ir  p resen ce .

O ther structures tha t are seen  even  in 
norm al parathyroid  cells may have special 
m ean in g  for h y p e rp la s tic  an d  a d e n o 
m atous cells. H orm one sy n th es is  and  
secre tion  seem s in d e p e n d e n t in  th ese  
cells from accum ulation of lip id  vacuoles,

glycogen or m itochondria. In addition , the 
synthetic product, PTH , is the  sam e in 
adenom a as in the norm al secreting  gland. 
T h e  e tio lo g ic  fa c to rs  o f p a ra th y ro id  
adenom a, on the o ther hand, cause m as
sive derangem ents in  adenom a cell m e
tabolism  expressed by  the accum ulation 
o f glycogen, lip id  or m itochondria, an d  it 
leads to unusual structural changes, such 
as th e  p a ra lle l a rrays and  co n c e n tric  
w h o rls  o f  R E R , a c c u m u la tio n  o f  ER  
m em b ra n e  s tru c tu re s  re f le c te d  u p o n  
them selves, annulate lam ellae, co llapsed  
m itochondrial bodies, m itochondrial in
clusion, intracytoplasm ic cilia and para
crystalline inclusion bodies.

Summary

T he u ltras tru c tu re  of 12 para thy ro id  
adenom as are analyzed as to cytologic d e 
scription, correlation of cytoplasm ic struc
tures w ith  horm one production  and  un
usual structures or structural aberrations 
no t previously reported.

H istologic c rite ria  are precise and suffi
cien t to separate parathyroid carcinom a 
from adenom as and hyperplasias. Ultra- 
structural crite ria  are sufficiently  specific 
to separate w ater clear cell hyperp lasia  
from all o ther forms of parathyroid abnor
m a litie s  b a s e d  on th e  p re s e n c e  o f 
m em brane-bound  cytoplasm ic vacuoles 
that contain no glycogen.

D ia g n o s is  o f a d e n o m a  v e rsu s  
hyperplasia is based  on both  surgical ex
ploration and biopsy of at least one h is
tologically “ norm al” parathyroid. B esides 
the en larged  gland, it is based  on finding 
residual “ norm al” or atrophic parathyroid 
tissue in the tum orous gland and, on clin i
cal follow-up, the  m ain tenance of post 
operative norm ocalcem ia for a period  of 
two years.

O ur cases include one exam ple o f ch ief 
cell adenom a form ed o f dark and light 
ch ie f cells side by side. In  our cases there  
are th ree  types o f ligh t ch ie f  cells: the first 
due to accum ulation  o f  lip id  vacuoles 
(Case III); the second due to partia l filling 
of the cytoplasm  w ith  unsta ined  glycogen
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F ig u r e  6. M ultinucleated giant cell on left. Light ch ief cell on the right. Annulate lamellae rather than 
rough endoplasmic reticulum (RER) are present in giant and ch ie f cell cytoplasm. Parathyroid adenoma. (Case 
6). x 4000. Figure 7. Concentric lamellar body. The rough endoplasmic reticulum  (RER) cysternae continue 
into vesicles. Parathyroid adenoma. (Case 6). x 11,200. Figure 8. Cytoplasmic detail, right upper half; 
glycogen granules; left lower half, stacked rough endoplasmic reticulum (RER) and collapsed mitochondrial 
body. (Case 12). x 74,000.
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F ig u r e  9. Detail of cytoplasmic organization. Rough endoplasmic reticulum (RER) on left extends to 
Golgi vesicles toward the center. Presecretory granules are atarrovv. Parathyroid adenoma. (Case 6). x  22,500. 
Figure 10. Secretory granules and lysosomes, demonstrating incorporation of small dark pleom orphic secre
tory granules into larger lysosomal vesicles and the formation of lipid bodies. Parathyroid adenoma. (Case 12). 
x  23,500. Figure 11. Detail from an area ofaccum ulated membrane profiles. Endoplasmic reticulum  reflected 
upon itself. (Case 6). x  64,000. Figure 12. Paracrystalline inclusion in chief cell cytoplasm. (Case 6). x  20,000. 
Figure 13. Mitochondrial alterations in association w ith parallel arrays of the rough ER. Note the sinusoidal 
folds of membranes. Parathyroid adenoma. (Case 12). x 46,000.
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(sm all c lear cells) (three cases); and the 
third, a large clear cell w ith cytoplasm  
com pletely  filled  w ith  glycogen granules 
(one case). O xyphil ce ll adenom as are 
characterized by cytoplasm ic accum ula
tion o f m itochondria (three cases). T he 
rem aining two cases are cytologically of 
dark ch ie f  cell adenom as.

T here is no ev idence for a horm one sec
re to ry  cycle  in  p ara th y ro id  adenom as. 
Normally, m ore PT H  is m anufactured by 
the glands than  is req u ired  for m ain te
nance o f the norm ocalcem ic state. The ex
cess h o rm o n e u n d erg o es  in trac e llu la r  
degradation by lysosomal enzymes. T he 
organelles forming the structural basis for 
PTH  synthesis, secretion  and degradation 
a re  i l lu s t r a te d  in  th e  e le c tro n  m i
crographs.

N either u ltrastructure nor perfect un 
derstanding  of b iochem istry  o f horm one 
production  provides clues as to the etio l
ogy of parathyroid  adenom as. H orm one 
synthesis is apparen tly  in d ep en d en t in 
adenom a cells from accum ulation of lip id  
vacuoles, glycogen or m itochondria. T he 
b io c h e m ic a l d e ra n g e m e n t le a d in g  to 
these accum ulations m ight be more in
formative as to etiologic factors of parathy
roid  adenom as than  are factors of horm one 
secretion.

Finally, a tten tion  is called  to abnorm al 
s tructu res in parathyro id  adenom as, in 
addition  to the  previously  observed annu
late lam ellae: intracytoplasm ic cilia and 
m itochondrial dark inclusion bodies, rare 
f in d in g s  of “ c o lla p se d  m ito c h o n d ria l 
bod ies” associated w ith stacked RER, ac
c u m u la tio n  o f  m e m b ra n e  s tru c tu re s  
orig inating from ER  reflected  upon itse lf 
and finding o f paracrystalline inclusions.
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