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am oun t s  and wi th  h igh  f requency  by  the  Chilean popula-  
t ion.  In  addit ion,  several  secondary  amines  such as 
p iper id ine  and  pyrrol id ine  have  been found in c igare t te  
smoke ~4, ~5. Since secondary  amines  react  w i th  n i t r i te  to  
form n i t rosamines  in vi t ro  in h u m a n  gastr ic  juice n and  
in vivo inducing mul t ip le  oesophageal  t umour s  in ra ts  ~, 
n i t r i te  should only be used (as food addit ive) in the  lowest  
amounts ,  i.e., the  m i n i m u m  capable  of control l ing bo tu-  
lism. In  1973 Norway  banned  ni t r i te  as a f lavouring and 
colouring agent,  pe rmi t t i ng  i t  only  for p reven t ing  food 
poisoning caused by  Clostridium botulinum. 

The  correlat ion p resen ted  in th is  communica t ion  is 
appa ren t l y  no t  an  a r t e fac t  nor  a causal  associat ion bu t  an 
indirect  association,  i.e., a factor  (ni t rate  fertilizer) and a 
disease (gastric cancer) are associa ted only  because b o t h  
are related to some c o m m o n  under ly ing  condi t ion  or 
process (ni t rosamine format ion) .  However ,  a t  p r e sen t  we 
canno t  ent i re ly  rule out  a carcinogenic or co-carcinogenic 
effect  of d ie ta ry  n i t r a t e  per  se on the  h u m a n  s tomach.  

Since ZALDfVAR holds  the  hypo thes i s  t h a t  oesophageal  
and  gastr ic  ca rc inomata  in m a n  have  a mul t ip le  factor  
aetiology, and s t a r t ed  in 1966 a new mult idiscipl inary,  
mul t i fac tor ia l  approach  measur ing  physicalg, *7,xs, bio- 
logical ~ and social ecological variables,  n i t rosamine  for- 
marion in vivo would represen t  one i m p o r t a n t  causa t ive  
factor  am ongs t  the  clusters  of var iables  (carcinogens, co- 
carcinogens,  risk factors) ac t ing  on the  s t omach  of 
man.  

In  Antofagas ta  Province,  no r the rn  Chile, a chronic ex- 
posure to high concen t ra t ions  of arsenic in dr inking 
wa te r  ~9 mus t  be considered as an env i ronmenta l  r isk for 
ma l ignan t  t umours  of the  skin, liver, and p robab ly  of the  
lung. Two cases wi th  mult iple  squamous-cel l  ca rc inomata  
of the  skin induced b y  d ie ta ry  arsenic were repor ted~9 

For  low-income Chileans, the  possible co-carcinogenic 
effect  of foods p repa red  wi th  p rehea ted  fats~~ 2~ mus t  be 
considered as well. 

Summary. Mean age-ad jus ted  d e a t h  ra tes  for gastr ic  
cancer  ill Chile for 1960, 1962 and  1964 were associated 
wi th  exposure  to  sodium n i t r a t e  and  n i t ra tes  (NaNOs and 
KNOa) used as fertilizers, by  province.  The general  popu-  
lat ion exposure  to  NaNO a and n i t ra tes  exh ib i t ed  correla- 
t ion coefficients of 0.745 and  0.718 wi th  the  d e a t h  rates,  
respect ively.  
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Fibrin Stabilizing Factor (F XIII) and Collagen Polymerization 

Tile fibrin s tabi l iz ing factor  or c lot t ing factor  X I I I  
per forms  a twofold func t ion  : 1 - I t  induces the  s tabi l iza t ion 
of f ibrin clots by  t r an samida t i on  bonds.  2 - I t  p romotes  
the  healing of wounds.  In  this  respect ,  the  only mechan i sm 
of factor  X l l l  known  up to now was its improving  effect  
on f ibroblas t  culture.  We have  shown t h a t  ac t iva ted  factor  
X I I I  (factor XIII~) also causes the  format ion  of s table  
bonds  be tween va r ious  chains  of the  collagen molecule, 
thus  genera t ing a collagen polymer iza t ion  process dif- 
fe rent  f rom the  one which occurs in the  absence of factor  
X I I I .  This modif ica t ion  in the  collagen polymer iza t ion  
migh t  possibly account  for the  defect ive heal ing of wounds  

observed in pa t i en t s  with he red i t a ry  fac tor  X I I I  defi- 
ciency. 

Materials and melhods. Fac t o r  X I I I :  Behr ingwerke  
factor  X I I I  * prepared  f rom placenta ,  used for the rapeu t i c  
purposes.  The factor  X I I I  ac t iv i ty  of I m g  of the  subs tance  
is ident ical  wi th  t h a t  of 3 ml of normal  p l a sma  ~ T h ro mbin  
Behr ingwerke :  50 uni t s /ml  solut ion in 0.2 M CaC12, 0.15 

* Pr6paration 1331: factor XIII Concentrate Behring (tab. Hoechst- 
Paris). 

1 j .  SORIA, C. SORIA and I~I. SAMAMA, Path. Biol. Suppl 22, 86 
{1974). 

Table I. Collagen polymerization and factor XlfI. 

Tests Controls 

Factor XIII Activation Factor XIII 4 mg 4 mg 4 mg -- 
Michaelisbuffer (pH 7.4) 4 ml 4 ml 4 ml 4 ml 
Thrombin calcic 0.4 ml 0.4 ml 0.4 ml 0.4 ml 
Saline solution -- -- -- 

Incubation during 
30 rain at 37 r Addition of 

Incubation during 15 mill at room temperature 

Collagen polymerisation Collagen solution (ml} 

4 ml 4 ml 4 ml 

0.4 ml 0.4 ml 0.4 ml 

GME MIA - -  GME MIA 

(100 mg) (50 mg) (100 mg) (50 mg) 

1.1 1.1 1.1 1.1 1.1 1.1 1,1 
Incubation during 30 rain at 37 ~ and 1 h at room temperature Centrifuga- 
tion 
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Table II, Variation of quantity of collagen polymerized after Factor 
XlII ,  addition. Correction by MIA or GME 

Collagen polymerized Collagen polymerized ( % ) 

in the presence of : 
Factor XIII~ 13 

Factor XIII~ + GME 45 

Factor XIII, + MIA 45 

Thrombin 46 

GME 45 

MIA 46 

without any addition 45 

Results.  1. Q u an t i t y  of polymer ized  collagen. Table  I I  
shows t h a t  t he  q u a n t i t y  of collagen prec ip i ta ted  as a 
f ibrous mass,  dur ing  incuba t ion  at  37 ~ and neu t ra l  pH,  
differs according to the  subs tance  added :  Fac to r  X I I I a  
Fac to r  X I I I a  i ncuba ted  wi th  GME or MIA, Thrombin ,  
MIA or GME. 

2. Po lyac ry lamide  gel e lect rophoresis  wi th  SDS (PAG 
electrophoresis)  (Figure 1). Collagen polymerized in the  
absence of fac tor  X I I I ,  wi th  or w i t h o u t  th rombin ,  is dis- 

M KC1. Calf skin collagen: Stago (Asni6res-France).  The 
reagen t  conta ins  acid-soluble collagen. The equiva len t  
of 6 mg of collagen is dissolved in 5 ml  of dist i l led water .  A 
Glycine m e thy l  es ter  hydrochlor ide  (GME): Sigma. 
Sodium iodo ace ta te  (MIA): Fluka.  

The  level of MIA or GME necessary  to  induce inact iva-  
t ion of factor  XlI Ia  was de t e rmined  by  clot dissolut ion 
tes t ,  using monochlorace t ic  acid as descr ibed by  Jossoe .  
The quant i t i es  of inhib i tor  were doubled  in the  collagen 
po lymer iza t ion  test .  

Collagen po lymers  were ob ta ined  dur ing  incuba t ion  of 
acid soluble collagen wi th  buffer  solut ion at  p H  7.4. In  
those  condit ions,  collagen was p rec ip i ta ted  as a f ibrous 
mass.  The same expe r imen t  was carried out  in t he  presence  
of fac tor  XI I Ia ,  and factor  XI I I~  previous ly  incuba ted  B 
wi th  MIA or GME. Control  tes ts  were pe r fo rmed  by  poly- 
mer iz ing  collagen in the  presence of th rombin ,  MIA or 
GME. The m e t h o d  used is summar ized  in Table I. The 
polymer ized  collagen prec ip i ta tes  were carefully washed  
3 t imes  wi th  NaC1 0.15 M and then  - e i ther  dissolved 
wi th in  18 h in a solut ion of 9 M urea conta in ing  3% SDS 
in 0.04 M sodium phospha te ,  a t  p H  7.3 and a t  37~ 
t h e n  s u b m i t t e d  to 3 ~o polyacry lamide  gel e lectrophoresis  
in t he  presence  of urea and  SDS, as descr ibed by  SCHWARZ a. 
The  final  pro te in  concen t ra t ion  in each resul t ing solut ion 
was de t e rmined  by  the  LOWRY 4 m e t h o d - o r  examined  by  C 
con t r a s t  phase  microscopy.  

Fig. 1. Polyacrylamide gel-SDS electrophoresis of collagen poly- 
merized in the presence of A) factor XIIIa; B) factor XIIIa + GME; 
C) factor XlIIa + MIA; D) thrombin; E) GME; F) MIA; G) buffer. 

E 

Fig. 2. Phase contrast nficroscopic examination of collagen poly- 
merized in the presence of A) factor XIII,; B) buffer; C) thrombin; 
D) factor XlIIa + MIA; E) factor 13~ + GME. 
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socia ted  by  urea  into 4 sub-uni ts :  one which  does no t  
pene t r a t e  t he  gel, ano the r  wi th  low mobi l i ty  and  2 faster  
moving  subuni ts .  Collagen polymer ized  in the  presence 
of factor  XI I I~  is dissociated into 1 sub-uni t  which  does 
n o t  pene t r a t e  t he  gel, and a series of slow mov ing  units.  
There  are no fas t  moving  sub-uni ts .  An ident ical  p a t t e r n  
to  t h a t  observed  in the  absence of factor  X I I I  is ob ta ined  
when  fac tor  XII I~  is previously  incuba ted  wi th  MIA. 
W h e n  fac tor  X I I I a  incuba ted  wi th  GME is used, the  
resul ts  closely resemble those  ob ta ined  in the  absence of 
factor  X I I I ,  a l though  small  var ia t ions  are noted .  

3. Cont ras t  phase  microscopic examina t ion .  As shown 
in Figure 2, it  seems t h a t  collagen fibres are assembled 
in bunches  in 3 cases: in the  absence of factor  XI I Ia ,  in the  
presence of fac tor  XI I I~  previously  incuba ted  wi th  GME 
or MIA and  in the  presence of t h r o m b i n  (the enzyme 
necessary  for factor  X I I I  act ivat ion) .  In  t he  presence of 
factor  XII I~ ,  on the  o ther  hand,  the  fibres become tangled  
and  never  appear  in l inear pa t t e rn .  

Discussion. The collagen molecule is made  up of 3 
chains  (2 el-chains,  and i e2-chain) in ter l inked by  hydrogen  
bonds  and  a few covalent  links of the  Schiff base t ype  5 
According to the  previous l i te ra ture  6 and consider ing the  
results  of the  po lyacry lamide  gel e lectrophoresis  experi-  
ments ,  collagen polymer ized  in the  absence of factor  
X I I I  is dissociated into 3 types  of e lements  af ter  incu- 
ba t ion  wi th  urea and SDS:  7-e lements  m a d e  up of 
~-trimers,  which  does no t  pene t r a t e  the  gel; fl-elements, 
made  up of ~-dimers, wi th  low mobi l i ty ;  and the  e~- and 
~ -cha ins ,  sub-uni t s  of fas ter  mobil i ty .  On the  o ther  hand ,  
collagen polymer ized  in the  presence of factor  XlII~, is 
dissociated in the  same condit ions,  into only 2 types  of 
sub-uni ts :  the  first  which does no t  pene t r a t e  the  gel and 
the  second slow migrat ing,  consis t ing of ~-dimers. No 
isolated el- or e2-chains are found. The de t e rmina t ion  of 
the  molecular  weigh t  of the  different  sub-uni ts  f rom thei r  
mobi l i ty  is impossible,  because of the  fibrillar (and not  
globular) s t ruc ture  of the  2 chains of the collagen mole- 
cule 7. These results  suggest  t h a t  fac tor  X I I I a  br ings  about  
the  fo rmat ion  of s table  bonds  be tween  the  collagen 
chains  (absence of isolated chains).  Fu r the rmore ,  since 
factor  X I I I ~  induces a decrease in the  q u a n t i t y  of collagen 
polymerized,  these links p robab ly  block the  sites used 
for hydrogen  bonding  which is necessary  for polymer iza-  
t ion.  

The resul ts  ob ta ined  by  phase  con t ras t  microscopy 
seem to suppor t  th is  in termolecular  l inkage hypothes is .  
Indeed,  collagen polymer ized  in the  absence of factor  XI I I~  
seems to  be organized in to  bunches,  whereas ,  in the  
presence of factor  XI I I~  the  fibres seem assembled at  
r andom.  

The fo rma t ion  of s table  bonds  seems due to  factor  
XIII~.  Indeed,  the  polymer iza t ion  of collagen (quan t i ty  of 
collagen polymerized,  PAG electrophoresis  and  con t ras t  

phase  microscopy) is s imilar  - when  factor  X I I I  is absen t  
- or when  t h r o m b i n  is added  (coagulation pro teo ly t ic  
enzyme used for the  ac t iva t ion  of factor  X I I I ) ,  or w h e n  
factor  XI I I~  is prev ious ly  incuba ted  wi th  MIA ( inhibi tor  
of t he  fac tor  X I I I  ac t iv i ty ,  on f ibrin stabil izat ion,  b y  
a lkyla t ion of its sulfhydri l  groups  s) is used. Fu r the rmore ,  
the  increase in the  q u a n t i t y  of polymer ized  collagen and  
the  bunch ing  of fibres observed by  phase  con t r a s t  micro- 
scopy, when  GME is added  to factor  XIII~,  seems to  
prove  t h a t  factor  X I I I ~  p romotes  the  fo rma t ion  of 
t r a n s a m i d a t i o n  bonds,  as in fibrin s tabi l iza t ion (GME is 
an inhibi tor  of the  t r a n s a m i d a t i o n  reaction).  In  th is  in- 
s tance,  however ,  the  p a t t e r n  of collagen sub-uni t s  in 
PAG electrophoresis  is no t  ident ical  wi th  the  one 
observed  in the  absence  of factor  X I I I  (the percen tage  of 
isolated chains  of collagen seems sl ight ly less impor tan t ) ,  
p robab ly  because GME is a compet i t ive  inhibi tor .  

To conclude,  our  results  suggest  t h a t  fac tor  X I I I ~  
brings abou t  t he  format ion,  be tween  the  collagen molecule 
cons t i tuents ,  of t r a n s a m i d a t i o n  bonds  (similar to those  
ob ta ined  by  the  act ion of factor  XI I I~  on fibrin) and  
induces a decrease in the  q u a n t i t y  of col lagenpolymer ized ,  
p robab ly  by  blocking the  groups involved in the  forma-  
t ion of hydrogen  bonds.  This ac t ion of factor  X I I I  
possibly accounts  for its impor tance  in normal  healing. 

Summary .  Fac to r  X l I I  induces a decrease and a 
modi f ica t ion  in the  collagen polymer iza t ion ,  p robab ly  due 
to  the  fo rma t ion  of t r an s ami d a t i o n  bonds.  This p r o p e r t y  
has some impor tance  in wound  healing. 
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The Solubi l i ty  Propert ies  of Granulopoies i s  Inhibit ing Factor 

Granulopoiesis  inhibi t ing factor  (GIF) is a pos tu la ted  
humora l  regula tor  of cell p roduc t ion  which  is released by  
ma tu re  granulocytes ,  and which,  by  a nega t ive  feedback 
mechanism,  inhibi ts  the  p roduc t ion  of myeloid  ceils in the  
bone  marrow.  The biological proper t ies  of GIF,  especially 
its exclusively specific ac t ion on granulopoiesis  x-5, have  
been  in t e rp re t ed  as G I F  being the  chalone of the  granu-  
locytic sys tem.  A t t e m p t s  to pur i fy  th is  subs tance  have  so 
far  been only par t ia l ly  successful a, 2, 6-s. In th is  paper ,  the  
solubi l i ty  proper t ies  of G I F  in a series of d i f fe rent  solvents  
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