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In  p rev io u s re p o r ts  i t  w as show n th a t  in  co n d itions asso c ia ted  w ith  
tissu e  p ro life ra tio n  th e  th y m u s  o f th e  r a t  an d  th e  m ouse  ex h ib ited  a u n ifo rm  
tissu e  reac tio n . F o r ex am p le , p reg n an cy , tu m o u rs , th e  p ro life ra tiv e  fo rm  o f  
tu b ercu lo sis  p ro v o k ed  an  increase in  th e  n u m b e r th e  corpuscles o f H assa ll, 
th e  ap p ea ran ce  in  th e m  o f a considerab le a m o u n t o f  PA S-positive su b s ta n c e ; 
a t  th e  sam e tim e , m a n y  PA S positive th y m o c y te s  an d  a s trong  m a s t cell 
re a c tio n  w ere observed . T h is process w as ta k in g  p lace  in  each of th e  ab o v e - 
m en tio n ed  co n d itio n s, th o u g h  th e re  w ere d ifferences in  ra te , depend ing  on  th e  
ra p id ity  o f th e  p a th o lo g ica l sequence o f ev en ts  [1, 2 ]. S im ilar reac tions w ere 
n o te d  in  response  to  o th e r  effects as well [8, 9, 10].

O u r ex p e rim en ts  h av e  p ro v ed  th a t  m a s t cells w ere  form ed in th e  th y m u s  
d u r in g  ce rta in  phases o f  on to g en e tica l d ev e lo p m en t a n d  th a t  ex p lan ted  th y m u s  
ce lls  w ere capab le  o f p ro d u c in g  m étach rom asie  h e p a rin  from  b ro k en -d o w n  
h e p a rin  ( i . e. h e p a rin  show ing  P A S -p o sitiv ity  o n ly ). B o th  th e  cells o f  th e  
e p ith e lia l re tic u lu m  an d  th e  th y m o cy te s  w ere fo u n d  to  co n v ert h e p a rin ; th e  
cells o f th e  spleen an d  ly m p h  nodes were n o t c a p a b le  o f  perform ing  th is  [2]. 
T h is re a c tio n  o f th e  th y m u s  in  response to  s tre s s , b u t  f ir s t  of all to  effec ts  
asso c ia ted  w ith  tissu e  p ro life ra tio n  was o b serv ed  to  occur in  several a n im a l 
species ( ra t , m ouse, gu in ea  p ig ), and  i t  has b een  d ecided  to  s tu d y  h u m a n  
th y m u s  g lands in  o rd e r to  d e te rm in e  w h e th e r th e  above  observa tions w e re  
ap p licab le  to  m an . T h is h as  been  th e  p rin c ip a l a im  o f th e  p resen t s tu d ie s .

Methods

78 human thym us glands rem oved shortly after death  were exam ined. Care was ta k en  
to get thym us glands from  subjects o f various age groups and from  both  tum orous and non- 
tum orous cases. The age groups are shown in Table / ,  th e  c lassification  according to cause  
of death in Table II .

The thym us gland or the adipose thym us was studied h isto log ica lly , excising a random  
specim en, about 1 cu. cm  in size and fix in g  it in Carnoy’s flu id . A fter embedding in paraffine  
sections were cut at 2 or 4 planes and prepared by the periodic acid-Schiff, or tri-PAS, G iem sa  
and toluidine blue techniques.
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Table I

Age Number of cases

foetu s  

0 — 1

6

7

1 — 16 10

16 — 30 5

30 — 50

5 0 —70

10

15
70 — Я1 12

13

Table II

Cause of death Number of cases

m align ant tu m o u r .......................................................................................................................

bacteria l, viral d ise a se ..............................................................................................................

c ircu latory failure..........................................................................................................................

o ther conditions (death, follow ing surgery; agranulocytosis; uraemia, contusio 
cerebri, marasmus senilis e t c . ) .........................................................................................

undiagnosed  disease ...................................................................................................................
fo e ta l asphyxia ............................................................................................................................

22
34

7

6
4

5

R esu lts

T h e  foetal thym us g lands  were c o m p a c t; ly m p h a tic  tissu e  a b o u n d  in  th em . 
T h e re  w ere num erous b ig  an d  s lig h tly  sw o llen  corpuscles o f H a ssa ll, m an y  of 
th e m  con ta in ing  P A S -p o sitiv e  su b stan ce . T h e re  w ere few m a s t cells.

A t th e  age o f fro m  0 to 1 year  th e  p a t te r n  was closely s im ila r  excep t 
t h a t  th e re  were m ore  corpuscles o f H a ssa ll a n d  m ore m ast cells in  th e  capsu le  
a n d  a t  sites also in  th e  co rtex .

In  th e  age g roup  o f from  1 to 16 years  th e  th y m u s show ed g re a t in d iv id u a l 
v a r ia tio n s . In  th e  th y m u s  from  a ch ild  7 y ea rs  of age an  excessive  increase 
o f  f a t  an d  co nnective  tissu e  w as seen , w h ereas  in  som e c h ild re n  a ro u n d  15 
y e a rs  o f age th e  th y m u s  w as s till in ta c t .  T h e  n um ber o f th e  co rpuscles of 
H a ssa ll and  of th e  th y m o c y te s  w as m o s tly  on  th e  decrease, b u t  th e  ep ithe lia l- 
ly m p h a tic  tissue w as s till  p re p o n d e ra tin g  o v er th e  f a t ty  an d  co n n e c tiv e  tissues.

I n  th is  g roup  th e re  w ere tw o ch ild re n  w ith  m yeloid le u c a e m ia ; one child 
w as  5, th e  o th e r 7 y ea rs  o ld . In  b o th  g la n d s  m asses of m ast cells, in  som e v isual 
f ie ld s  as m an y  as 30 o r 50 w ere v is ib le  b o th  in  th e  co rtex  a n d  th e  m edulla 
( F ig . 1 ) .  T heir n u c le i w ere sim ilar to  th o se  o f th y m o cy tes . A  s im ila r  m assed



Fig. 1. Thym us from a child 5 years o f age died of myeloid  
leucaemia. Mast cell reaction. Giemsa, X 200

Fig. 3. Thym us from a subject 40 years o f age, died of 
tetanus. Alany PAS-positive cysts, m inim al fa tty  tissue, 

com plete thym us. PAS, X 100

Fig. 2. Thym us from a child 12 years o f age, died of 
agranulocytosis. M etachromasia of thym ocytes and regular 

m ast cells. Giemsa, X 200

Fig. 4. Thym us from a subject who had died of m eningitis 
at the age of 57 years. Corpuscle o f H assall containing  

PAS and orange-positive substance. Tri-PAS, X 200





F ig . 5. Thymus from a subject who had died of leucaemia 
at the age of 60 years. Big PAS-positive cyst and small 

corpuscles of Hassall. Tri-PAS, x lOO

Fig. 6. Thymus from a subject who had died of tetanus 
at the age of 58 years. Cyst filled with PAS-positive 

substance. PAS, X 100

F ig. 7. Thymus from a subject who had died of pneu
monia at the age of 58 years. Many corpuscles of Hassall 
containing PAS-positive substance. Big thymus, minimal 

fatty tissue. PAS, X 100





Fig. 8. Same as Fig. 7. Epithelial islet w ith PA S-positive  
substance. PAS, X450

Fig. 9. Thym us from a subject who had died of influenza at 
the age 79 years. Cysts filled with PAS-positive substance, 

corpuscles o f H assall, epithelial elem ents. PAS, X 200

Fig. 10. Thym us from a subject aged 81 years. Small 
PA S-positive cyst, epithelial elem ents. PAS, X 200
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ap p e a ra n ce  o f m ast cells w as observable  in  th e  th y m u s  o f a ch ild  (ag ed  12 
years) w ith  ag ran u lo cy to sis  ( Fig. 2 ) .  In  th e  th y m u s  from  o th e r ch ild re n  of 
s im ila r age th e  n u m b er o f  m ast cells w as n o rm a l, th o u g h  m ore th a n  in  th e  
age g ro u p  o f 0 — 1 yea r.

T h e  p a t te rn  in  th e  16 to 30 years  age g ro u p  w as ju s t  as v a r ia b le  as in  
th e  p rev io u s  one. A p a t ie n t  who had  d ied  o f  encep h a litis  a t th e  age  o f  27 
ex h ib ited  a reg u la r th y m u s  ad iposus. A t th e  sam e  tim e  m ost o f th e  g lands 
co n ta in ed  s ig n ifican t q u a n titie s  o f th y m u s tis su e , ab o u t as m uch  as f a t .  A t 
m any  s ite s  th e re  w as a m a rk e d  m ast cell re a c tio n  to  be seen.

I n  th e  age g roup  30 to 50  th e  p a tte rn  also  v a ried . The th y m u s  fro m  an  
in d iv id u a l 40 years  o f age co n ta ined  as m u c h  ep ith e lio -ly m p h a tic  tis su e  as 
is reg u la r a t  20 years o f a ll ( Fig. 3 )  b u t  in  m o s t cases fa t  was p re p o n d e ra tin g  
over th y m u s  tissue . H ow ever, th e  P A S -positive  cysts  an d  th e  co n v ers io n  of 
cells in to  m a s t cells w ere d e tec tab le  in  ev e ry  th y m u s  w ith o u t ex cep tio n . T he 
m a jo rity  o f  th e  th y m u s  g lands ex h ib ited  w ell-developed , young  corpuscles 
of H assa ll co n ta in in g  P A S -positive  su b stan ce . I n  th e  50 to 70 years age g roup  
th e  th y m u s  w as f a t ty  b u t  ju s t  as in  th e  p rev io u s  g roup  thym ic  m a t te r  w as 
p resen t in  a lm o st every  g lan d , w ith  co rpuscles o f  H assa ll co n ta in in g  m uch  
P A S -positive  sub stan ce , a n d  w ith  an  increased  n u m b e r of m ast cells ( Figs. 
5, 6, 7, 8 ) .  E p ith e lia l e lem en ts  o th e r th a n  th o se  form ing th e  co rpusc les of 
H assa ll also  abounded .

In  th e  70 to 81 years  age group f a t ty  tis su e  w as p rep o n d e ra tin g  b u t  th e  
ep ith e lia l- ly m p h a tic  m a t te r  w as s till d e te c ta b le , w ith  ep ithe lia l cy s ts  filled  
w ith  P A S -positive  su b s ta n c e  and  young co rpusc les o f H assall (F ig s .  9 , 10) .  
A t m an y  s ite s  th e  th y m o c y te s  w ere m é tach ro m asie  and  som e m a s t cells e x 
h ib ited  h y p e rg ra n u la tio n  a n d  signs of d e s tru c tio n .

T h e  th y m u s  from  tumorous  p a tie n ts  d id  n o t  d iffer from  those  o f  o th e r  
in d iv id u a ls . A ltho u g h  som e o f these g lands (esp ec ia lly  those  from  y o u n g  s u b 
jects) c o n ta in e d  m any  corpuscles o f H assa ll, a lm o s t no PA S-positive su b s ta n c e  
was fo u n d  in  them .

Discussion

As i t  has been m en tio n ed  in th e  in tro d u c tio n , th e  purpose o f th e  p re se n t 
s tu d y  w as to  d e te rm in e  w h e th e r th e  resu lts  o f  o u r  an im al experim en ts  w o u ld  
be v a lid  fo r  m an .

T he f i r s t  and  m ost im p o r ta n t  questio n  is w h e th e r th e  th y m u s is a t  all 
fu n c tio n in g  in  th e  a d u lt m a n  and  w h e th e r i t  p la y s  a n y  role in  th e  o rg an ism  
of ad u lts . T h e  view  has b e e n  un iversa lly  a c c e p ted  th a t  th e  th y m u s  ceases 
to  be an  ac tiv e  fac to r  in  th e  organism  b y  th e  en d  o f p u b e r ty  [4, 5, 6, 7). O ur 
ex p erim en ts  how ever in d ic a te  th a t  th e  fu n c tio n  o f  th e  th y m u s m u st be ta k e n  
in to  acco u n t in  m ore a d v an ced  age as w ell. I f  i t  is realized  t h a t  co n 
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s id e ra b le  q u a n titie s  of e p ith e lia l e lem ents ca p a b le  o f  p roducing  P A S -p o sitiv e  
s u b s ta n c e  occur in  th e  th y m u s  o f su b jec ts  o v er 70 years o f age a n d  i f  
we a c c e p t  th e  view  th a t  th e  p ro d u c tio n  o f  th e  PA S-positive su b s ta n c e  is 
in h e re n t  in  th e  g land ’s fu n c tio n , i t  w ill be c lea r th a t  th e  th y m u s  is s till 
a c t iv e  a t  t h a t  age, even th o u g h  in  a re d u ced  m easu re  [3]. W e feel r a th e r  
r e lu c ta n t  to  accep t th e  v iew  th a t  a q u a n t i ta t iv e  decrease in  th y m ic  m a tte r  
w o u ld  b y  itse lf  in d ica te  t h a t  th e  th y m u s  is n o t  a n y  longer necessary  o r  th a t  
i t  c a n n o t  fu n c tio n  a t  a tim e  w hen  th e  m o rp h o lo g ica l signs of ac tiv e  fu n c tio n  
a re  p r e s e n t .  W e th in k  th a t  th e  size o f som e endocrine  g land  alone w ill n o t 
d e c id e  w h e th e r  or n o t th e  g la n d  is fu n c tio n in g , e ith e r  in  th e  q u a li ta t iv e  or 
in  th e  q u a n t i ta t iv e  sense.

T h e  basis o f our rea so n in g  is th a t  th e  p ro d u c tio n  of P A S -p o sitiv e  su b 
s ta n c e  is  an  im p o r ta n t fe a tu re  o f th e  fu n c tio n  o f  th e  th y m u s . O u r ea rlie r 
e x p e r im e n ts  p roved  th a t  a n y  tim e  th e  th y m u s  is a c tiv a te d  th is  P A S -p o sitiv e  
s u b s ta n c e  increases in  q u a n ti ty ,  th e n  i t  leaves th e  g lan d  m ain ly  b y  ce llu la r t r a n s 
p o r t ,  fo rm in g  th e  m é tach ro m asie  su b stan ce  o f  m a s t cells. W hen th e  th y m u s  
e m p tie s  itse lf , th e  am o u n t o f  th is  P A S -p o sitiv e  su b stan ce  also decreases . W e 
b e lie v e  t h a t  th e  evidence w e o b ta in e d  in  vitro  a n d  in  vivo conv inc ing ly  p ro v e  
th is  v ie w . T hus, a sim ilar p h en o m en o n  in  th e  h u m a n  th y m u s shou ld  b e  in te r 
p r e te d  in  th e  sam e w ay  as in  th e  an im al ex p e rim en ts . In  view  o f th e  fac t 
t h a t  th is  re p re sen ta tio n  o f th y m u s  fu n c tio n  w as d em onstrab le  in  e v e ry  age 
g ro u p  (in c lu d in g  senile age) w e feel b o u n d  to  s ta te  th a t  th e  ad ipose  th y m u s  
is a  fu n c tio n in g  th y m u s, th o u g h  its  a c t iv i ty  is reduced .

A  fu r th e r  p rob lem  is t h a t  o f  th e  m a s t cells. M ost of th e  h u m a n  th y m u s  
g la n d s  ex am in ed  ex h ib ited  a m ark ed  m a s t cell re ac tio n , n o t only  in  th e  m a r
g in a l a re a s  an d  th e  capsu le  o f  th e  ty m u s , b u t  in  th e  co rtex  an d  m e d u lla  as 
w ell. M e tach ro m atic  su b s ta n c e  w as fre q u e n tly  p re se n t in  th y m o c y te s . T hese 
c h a ra c te r is t ic s  w ere n o t re s tr ic te d  to  c e r ta in  age groups, th e y  o ccu rred  a t 
e v e ry  ag e .

T h e  th y m u s g lands fro m  su b jec ts  w ho h a d  d ied  of m a lig n a n t tu m o u r  
sh o w ed  no  su b s ta n tia l d ifferences from  th e  o th e rs . The d iv erg en ce  from  
o u r  a n im a l experim en ts m ig h t h av e  been d u e  to  th e  fac t th a t  w hile  th e  ex 
p e r im e n ta l  tu m o u rs  and  th y m u s  g lands w ere rem oved  for s tu d y  a t  p r e d e te r 
m in e d  tim es , th e  h u m an  th y m u s  g lands w ere  exam ined  in  th e  en d  s ta g e , 
a f t e r  d e a th .

T h e  th y m u s g lands fro m  th e  cases o f  leucaem ia  m erit s e p a ra te  co n 
s id e ra t io n . A n ex trem e degree o f m a s t cell fo rm a tio n  was o b servab le  in  th o se  
g la n d s , b u t  exclusively in  cases of m yeloid  leu caem ia . In  a case o f  ly m p h o id  
le u c a e m ia  com pact ly m p h  tissu e  or ly m p h  nodes free of m ast cell re ac tio n  
w ere  fo u n d  th ro u g h o u t th e  th y m u s . A ll th e se  in d ica te  th a t  in  th e  th y m u s  
th e  in te n s e  leucaem ic ce llu la r p ro life ra tio n  m an ifests  itse lf  w ith  a m a s t cell 
re a c tio n .
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Summary

Seventy  eight hum an thym us glands from autopsy m aterial have been studied to deter
m ine whether the tissue reaction previously observed in anim al experim ents was detectable  
in  them . The m ast cell reaction , the increase of PA S-positive substance was detectab le in the 
hum an thym us glands. A ctively  functioning corpuscles o f  H assal were found in the thym us 
glands o f aged subjects. On the basis o f  the evidence obtained it has been concluded that in 
adult age the thym us gland is still functioning.
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ИССЛЕДОВАНИЕ ЧЕЛОВЕЧЕСКОЙ ЗОБНОЙ ЖЕЛЕЗЫ С ТОЧКИ ЗРЕНИЯ 
ТУЧНЫХ КЛЕТОК ЗОБНОЙ ЖЕЛЕЗЫ

ДЬ. ЧАБА

Полученные при 78 вскрытиях человеческие зобные железы исследовались с точки 
зрения описанной в экспериментах на животных однородной тканевой реакции. Было 
установлено, что в человеческих зобных железах также всюду можно обнаружить туч
ноклеточную реакцию и размножение ПАСК-положительного вещества. У пожилых 
лиц также наблюдались активно функционирующие гассалевские тельца. Автор того 
мнения, что выявляемые морфологические признаки указывают на функцию зобной 
железы у взрослых.

U N T E R SU C H U N G  VON M ENSCHLICH EN T H Y M U SD R Ü SE N  IN  B E Z U G  A U F  DAS 
TH YM US-M ASTZELLEN-PRO BLEM

GY. CSABA

Aus Sektionen stam m ende 78 m enschliche T hym usdrüsen wurden auf die in Tierver
suchen beobachtete einheitliche Gewebsreaktion untersucht. E s wurde festgeste llt, dass die 
m astzeilige R eaktion, die Verm ehrung des PA S-positiven Stoffes auch im  m enschlichen  
T hym us überall nachgewiesen werden kann. Bei alten  Individuen wurden gleichfalls aktiv  
funktionierende H assalsche K örperchen beobachtet. Verfasser ist der M einung, dass die nach
gewiesenen m orphologischen Zeichen das Funktionieren der Thym usdrüse hei Erwachsenen  
bestätigen.

D r. G yörgy Cs a b a , B u d ap est, IX ., T űzo ltó  u . 58. H u n g a ry
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