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To compare  the  chemica l  compos i t ion  of t he  gerbi l  acer-  
vul i  w i t h  the  h u m a n  one, a para l le l  mic roana lys i s  was  
m a d e  w i t h  concre t ions  o b t a i n e d  f rom seven  65-75-year -  
old h u m a n s  of b o t h  sexes p r e p a r e d  in an  iden t ica l  way  as 
those  f rom the  an im a l s  16. 
Results. The  gerbi l  p inea l  concre t ions  h a v e  a spher ic  fo rm 
a n d  measu re  10-65 ~zm in d iamete r .  T h e y  are m o s t l y  
s i t u a t e d  in vacuoles  whose  walls  seem to  be  fo rmed  b y  a 
single clear  cell. U n d e r  low e lec t ron  microscope magnif i -  
ca t ion ,  the  acervul i  show a v e r y  d a r k  inne r  a n d  pe r iphe ra l  
c lear  zone. Whi l e  a fine f ibr i l la r  m a t e r i a l  occupies  t he  
la t te r ,  t h e  mine ra l  of t he  concre t ions  is localized in t h e  
d a r k  inne r  zone. I t  is composed  of r a n d o m l y  o r i en ted  ir- 
r egu la r  300 -1400 /k  long a n d  a b o u t  35-70 A t h i c k  needle-  
s h a p e d  and  wide ly  i n t e r s p a c e d  c rys ta l s  (figure 1). Fo r  
compar i son ,  t he  h u m a n  ace rvu l a r  m a t e r i a l  is also com- 
posed  of s imi la r  b u t  smal le r  needles (500 • 35 /k). T h e y  
are  more  regu la r  a n d  cons ide rab ly  more  condensed  t h a n  
those  in gerbi l  concre t ions  (figure 2). 
The  X - r a y  energy  d ispers ive  mic roana lys i s  reveals  a 
q u a l i t a t i v e l y  iden t ica l  m i ne r a l  compos i t i on  of b o t h  gerbi l  
a n d  h u m a n  p inea l  corpora  a r enacea  (figure 3). The i r  m a i n  
e l emen t s  are p h o s p h o r u s  and  ca lc ium w i t h  some t races  
of s t r o n t i u m ,  w h i c h  f r e q u e n t l y  accompan ies  Ca in bio-  
logical  depos i t s  4. For  t he  s u l phu r  peaks ,  i t  is di f f icul t  to  
say  w h e t h e r  th i s  e l emen t  o r ig ina tes  f rom su l fa ted  muco-  
po lysachar ides  of ace rvu la r  organic  m a t r i x  or f rom t h e  
e m b e d d i n g  med ium.  A s e m i - q u a n t i t a t i v e  compar i son  of 
t he  Ca and  P peaks  in a gerbi l  and  a h u m a n  ca lcu la ted  
a f t e r  Russ  5 ind ica tes  a re la t ive  difference less t h a n  2 .5%, 
wh ich  is cons ide rab ly  infer ior  to  t he  e r ror  of t he  in- 
s t r u m e n t  used. 

Discussion. Our  t r an smi s s ion  e lec t ron  microscope ana lys i s  
has  shown  t h a t  t he  h u m a n  ace rvu la r  m i n e r a l  is composed  
of cons ide rab ly  smal le r  and  m u c h  more  condensed  c rys ta l s  
t h a n  in t he  gerbi l  concre t ion .  This  morpho log ica l  f ea tu re  
c an  be  exp la ined  b y  t he  v e r y  g rea t  d i f ference of t he  age 
of t h e  mine ra l s :  whi le  the  gerbi ls  were 4 m o n t h s  old, our  
h u m a n  m a t e r i a l  came f rom 60-75-year -o ld  pa t i en t s .  The  
c o n f i r m a t i o n  of our  h y p o t h e s i s  is found  in a work  of 
Boiv in6 :  in a s t u d y  of t he  e x p e r i m e n t a l  ca lc iphy lax i s  of 

t h e  connec t ive  t issue, he  ha s  d e m o n s t r a t e d  t h a t  t he  mor-  
pho logy  of t h e  h y d r o x y a p a t i t e  changes  du r ing  t h i s  pro-  
cess. E x t r a p o l a t i n g  his  f ind ing  to our  mate r ia l ,  one can  
see t h a t  t he  y o u n g e s t  c rys ta l s  found  a t  t he  beg inn ing  of 
ca lc iphy lax i s  cor respond  morpho log ica l ly  to  those  of the  
gerbil ,  and  those  obse rved  a t  t he  end  of t he  e x p e r i m e n t  
h a v e  t he  iden t ica l  u l t r a s t r u c t u r e  as h u m a n  ace rvu l a r  
minera l .  
As a l r eady  known,  t he  m a t e r i a l  of h u m a n  p inea l  con-  
c re t ions  is h y d r o x y a p a t i t e  or c a r b o n a t e  apat i teT-K T h e  
fac t  t h a t  t he  X - r a y  mic roana lys i s  ha s  de tec ted  a n  iden t i -  
ca l ly  q u a l i t a t i v e  a n d  q u a n t i t a t i v e  compos i t ion  of h u m a n  
a n d  gerbi l  co rpora  a renacea ,  suggests  t h a t  t he  l a t t e r  cor- 
r e sponds  also to t he  bone  minera l .  On t h e  o the r  h a n d ,  t he  
f ind ing  of t h e  p r e sen t  s t u d y  conf i rms  t h a t  the  sugges t ion  
of J a p h a  1 to  cons ider  the  gerbi l  p inea l  acervul i  as a mode l  
for  a n a l y z i n g  t he  m e c h a n i s m  of p inea l  ca lc i f ica t ion  u n d e r  
con t ro l l ed  condi t ions ,  is comple t e ly  real izable .  

10 With technical assistance of Miss Ch. Thommen and Mr P.-A. 
Milliquet. The authors wish to thank Dr T. Jalanti (C. M. E. 
Lausanne) for his help with the use of the X-ray microanalyzer. 
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Summary. In j ec t i ons  of yeas t  t R N A  to C57BL mice decreased  t akes  a n d  i n h i b i t e d  g r o w t h  of syngene ic  t r a n s p l a n t e d  
t umor s .  Mice r e m a i n i n g  free of t u m o r s  as r e su l t  of th i s  t r e a t m e n t  fai led to  deve lop  t u m o r s  a f te r  cha l lenge  w i t h  5 • 104 
cells of t he  same tumor .  

R e c e n t l y  we r epo r t ed  2 t h a t  mice in jec ted  w i t h  t r a n s f e r  
R N A  ( tRNA)  showed changes  in p l aque - f o r m i ng  cells 
(PFC) for sheep red cells (SRC) and  phagocy tos i s  of r a t  
red  cell s (RRC). Essent ia l ly ,  i.p. in jec t ions  of yeas t  t R N A  
s ign i f i can t ly  depressed  t h e  n u m b e r s  of P F C  in C57BL 
a n d  C3H mice i m m u n i z e d  w i t h  SRC. H e p a t i c  and  splenic  
phagocy tos i s  of 51Cr-labeled R R C  was m a r k e d l y  r educed  
in t R N A - t r e a t e d  C3H mice. Th i s  r e p o r t  deals  w i t h  effects  
on  t akes  a n d  g r o w t h  of syngene ic  t r a n s p l a n t e d  t u m o r s  in  
mice  in jec ted  w i t h  yeas t  t R N A ,  or t R N A  der ived  f rom 
syngene ic  l iver  or r a t  l iver.  Y e a s t  t R N A  was p u r c h a s e d  
f rom S igma  Labo ra t o r i e s  (Cat. No. R2876).  t R N A  f rom 
mouse  l iver  a n d  l iver  of Lewis  r a t s  was  p r e p a r e d  b y  us ing  
t h e  t e c h n i q u e  of K i r b y  ~ w i t h  m i n o r  modi f ica t ions .  Mice 
of s t r a in s  C57BL/6  a n d  C3H/eb,  f rom 9 to  15 weeks old, 
were used. T r a n s p l a n t e d  t u m o r s  were de r ived  f rom sar-  
comas  i n d u c e d  in  mice  of t h e  a p p r o p r i a t e  s t r a i n  b y  s.c. 
i n j ec t i on  of 0.6 m g  of m e t h y l c h o l a n t h r e n e  dissolved in 
0.3 ml  of ol ive oil. T he  t u m o r s  were passaged  syngene i -  
ca l ly  b y  s.c. i nocu la t i on  of 105 v iab le  t u m o r  cells sus- 
p e n d e d  in 0.5 ml  of p h o s p h a t e  buf fe red  sal ine (PBS) .  
Groups  of con t ro l  a n d  e x p e r i m e n t a l  mice  were m a t c h e d ,  
w i t h  e x p e r i m e n t a l  mice  r e c e i v i n g  3 i.p. in jec t ions  of 
t R N A  dissolved in P B S  d u r i n g  t h e  week  p reced ing  in-  
ocu la t ion  of t he  t u m o r .  A d d i t i o n a l  3 in jec t ions  per  week  
of t R N A  were c o n t i n u e d  t h r o u g h o u t  t h e  e x p e r i m e n t .  

The  t ab l e  s u m m a r i z e s  resu l t s  of 7 e x p e r i m e n t s  in  w h i c h  
ma le  C57BL mice were inocu la ted  w i t h  sa rcomas  of 2 
l ines (T3 a n d  T5). I n h i b i t i o n  of t u m o r  g r o w t h  in mice  
t r e a t e d  w i t h  yeas t  t R N A  was obse rved  in all expe r imen t s ,  
as i nd i ca t ed  b y  t he  lower va lues  of t u m o r  weight ,  ex-  
pressed  as pe r cen t  of b o d y  weight .  The  differences were 
s t a t i s t i ca l ly  s ignif icant ,  e x c e p t  for e x p e r i m e n t  V I ;  t h e  
p -va lue  of 0.06 found  in  e x p e r i m e n t  I I  is of bo rde r l ine  
s t a t i s t i ca l  s ignif icance.  Doses of t R N A  per  in j ec t ion  
r a n g e d  f rom 100 to  600 ~tg. E x p e r i m e n t  I V  suggests  a 
dose- re la ted  i n h i b i t i o n  of t u m o r  g rowth ,  i n a s m u c h  as 
100 tzg were ineffect ive,  whi le  200 a n d  400 ~g showed in-  
c reas ing  effect iveness.  
I n  a d d i t i o n  to  i n h i b i t i n g  t u m o r  g rowth ,  yeas t  t R N A  also 
r educed  t he  n u m b e r  of t a k e s  of t he  t umor s .  As shown  in 
t h e  tab le ,  58 ou t  of 60 con t ro l  mice deve loped  progres-  
s ively  growing t umor s ,  whe reas  th i s  was  t he  case for 65 
o u t  of 90 yeas t  t R N A - t r e a t e d  mice, w i t h  25 r e m a i n i n g  
free of t u m o r .  Ana lys i s  of t h e  dif ference b y  m e a n s  of t h e  
chi  square  t e s t  y ie lded a Z 2 of 14.5, co r respond ing  to  
p < 0 . 0 0 1 .  W e i g h t s  of l iver  a n d  spleen, expressed  as per-  
c en t  of b o d y  weight ,  t e n d e d  to be  d i rec t ly  p r o p o r t i o n a l  

1 This work was supported in part by a grant from the Stanley 
Johnson Foundation, Berne, Switzerland. 

2 K. Stern and R. Schreiber, submitted for publication. 
3 K.S. Kirbyt Biochem. J. 64, 405 (1956). 
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Experiment Tumor Duration of Group b Dose of Mice with tumors, Tumor percent of b.wt (• 
No. (passage), experiments (days) tRNA (~xg) total No. of mice 

I T 5  (3) 2 6  C - 10/10 10.3 (7 .0)  
IL 200 10/10 14.9 (10.6) 
Y 200 6/10 7.0 (6.6) a 

II T5 (5) 33 C 8/9 5.8 (3.5) 
IL 200 9/9 7.4 (4.3) 
Y 200 4/9 2.6 (1.8)o 

III T5 (7) 29 C 6/6 9.1 (5.0) 
RL 200 8/8 6.7 (4.4) 
Y 200 8/10 3.7 (1.7) c 

IV T5 (8) 22 C 9/9 7.8 (5.9) 
Y 100 7/8 7.3 (7.3) 
Y 200 8/9 4.4 (3.6) 
Y 400 6/8 3.5 (1.7) a 

v T5 (10) 24 C 10/10 3.5 (2.0) 
Y 300 9/10 1.3 (0.4)~ 
Y 600 7/10 1.6 (0.9)', 

V[ T3 (9) 35 C - 7/8 7.6 (2.3) 
Y 500 4/8 4.2 (4.9) 

VII T3 (14) 21 C 8/8 6.8 (0.4) 
Y 500 6/8 2.1 (2.2) a 

aFigure in parenthesis indicates passage of tumor, bC, control; IL, isogeneic liver tRNA; RL, rat liver tRNA; Y, yeast tRNA. cp % 0.01, 
ap < 0.05 > 0.01, ep _ 0.06 (significance between control and experimental group). 

to t he  size of the  tumor .  Accordingly,  lesser degrees of 
h e p a t o m e g a l y  and sp lenomegaly  were found in t R N A -  
t r e a t ed  mice w i thou t  tumor ,  or tumors  smaller  t h a n  those  
in control  mice. 
In  2 exper iments ,  yeas t  tRNA- in j ec t ed  mice, which  failed 
to develop tumors ,  were chal lenged wi th  a second inocu- 
la t ion of the  same t u m o r  wi thou t  receiving addi t iona l  in- 
jec t ions  of yeas t  t R N A .  In  expe r imen t  II ,  the  5 mice re- 
main ing  free of t u m o r  af ter  the first  inoculat ion developed 
progressive t u m o r  g rowth  af ter  a second inocula t ion of 
5 • 10 5 t u m o r  cells. By  contras t ,  no tumors  developed in 
the  4 tumor- f ree  mice of expe r imen t  V~ chal lenged wi th  
5 • 10 4 t u m o r  ceils. 
In  one addi t iona l  expe r imen t  admin i s t r a t ion  of yeas t  
t R N A  to female C57BL mice (8 controls,  8 exper imen ta l s  ; 
i.p. in ject ions  of 500 Ixg 3 t imes  a week) caused s ignif icant  
inhibi t ion of t u m o r  g rowth  : t u m o r  percen t  of body  weight ,  
controls :  2.2 • 1.0, exper imenta l s :  1.0 • 0.3; p < 0 . 0 1 .  
In groups of male C57BL mice t r ea ted  wi th  t R N A  of 
syngeneic  liver (table, expe r imen t s  I and II) or t R N A  of 
ra t  liver (table, expe r imen t  III)  there  was no in ter ference  
wi th  take or g rowth  of tumor .  On the  cont rary ,  t u m o r  
weights  in mice t r ea t ed  wi th  syngeneic  liver t R N A  ex- 
ceeded those of control  mice, a l though  the  differences 
were not  s ta t i s t ica l ly  significant.  No adverse  effects of 
t r e a t m e n t  w i th  t R N A  were noted,  and body  weights  of 
expe r imen ta l  mice did no t  differ s ignif icant ly  f rom those  
of controls .  In  4 exper iments ,  ne i ther  yeas t  t R N A  nor 
syngeneic  liver t R N A  affected takes  and g rowth  of t rans -  
p lan ted  syngeneic  t umors  in C3H mice. 
The work repor ted  has d e m o n s t r a t e d  a sys temic  effect  of 
yeas t  t R N A ,  expressed as inhibi t ion of takes  and  g rowth  
of t r a n s p l a n t e d  syngeneic  mouse tumors .  Mice remain ing  
f lee of tumor ,  as a resul t  of the  t r ea tmen t ,  were immu n e  
to challenge wi th  the  same t u m o r  when small  inocula were 
used (exper iment  VI), bu t  t h e y  were no t  p ro tec ted  aga ins t  
a 10fold higher  n u m b e r  o f . t u m o r  cells (exper iment  II).  
Tumor- inh ib i t ing  ac t iv i ty  was absen t  f rom t R N A  of syn- 
geneic liver or ra t  liver. C3H mice were not  found to be 
suscept ible  to the  yeas t  t R N A - i n d u c e d  inhib i t ion  of 
t u m o r  growth.  

We propose t h a t  the  sys temic  biological effects of t R N A  
are based on in te rac t ion  of t R N A  wi th  macrophages .  Sup- 
por t  for this  hypo thes i s  is p rov ided  by  our observa t ions  
on changes  in phagocytos i s  and i mmu n e  responses in 
mice t r ea t ed  wi th  t R N A  2, and by  previous  s tudies  dem-  
ons t r a t ing  changes  in phagocy t i c  ac t iv i ty  in mice in- 
jec ted wi th  microsomes 4 or r ibosomesL The fact  t h a t  
yeas t  t R N A  inhib i ted  t u m o r  g rowth  in C57BL, b u t  no t  in 
C3H mice, m a y  be corre la ted  wi th  the  higher  ret iculo- 
endothel ia l  ac t iv i ty  6, 7 and s t ronger  i mmu n e  responses 8, 9 
d is t inguishing C57BL f rom C3H mice. 
Geddes -Dwyer  and Cameron 1~ recent ly  repor ted  t h a t  
g rowth  of t r a n s p l a n t e d  os teosarcomas  in inbred  ra ts  was 
s ignif icant ly  inhib i ted  when  the  t u m o r  cells, pr ior  to 
inoculat ion,  were incuba ted  in vi t ro  wi th  t R N A  prepared  
f rom ra t  embryonic  or m e s e n c h y m a l  tissue. By cont ras t ,  
analogous t r e a t m e n t  of t u m o r  cells wi th  t R N A  der ived 
f rom osteosarcomas,  enhanced  t u m o r  growth.  In  line wi th  
the  exper imen ta l  design used by  them,  the  au thors  at-  
t r i b u t ed  these effects to d i rect  in te rac t ion  of t R N A  wi th  
t u m o r  cells, a l though  t h e y  could no t  exclude in te rac t ion  
of t R N A  wi th  n o n - t u m o r  cells p resen t  in the  suspens ion  
used for inoculat ion.  Obviously,  decision on the  precise 
mechanism(s)  responsible  for the  t u m o r  inhib i t ion  ob- 
served by  Gedde r -Dwyer  and  Cameron 1~ and  in our  
sys tem,  requires  acquis i t ion  of addi t iona l  expe r imen ta l  
data ,  including s t u d y  of t R N A  of o ther  origins, invest i -  
ga t ions  of var ious  t u m o r - h o s t  sys tems,  and use of pur i f ied 
species of isoaccept ing t R N A .  
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