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I m m u n o h i s t o c h e m i c a l  Local izat ion of the Iron-  
Binding  Protein Lactoferrin in H u m a n  Bronchia l  

Glands  

A specific i ron-binding protein,  different  f rom se rum 
transferrin,  has been isolated f rom bovine  1 and h u m a n  2-~ 
milk, and has recent ly been repor ted  also to occur  in spu- 
t u m  from human  subjects  suffering from different  respira- 
tory  diseases ~. Among the var ious  names  g iven  to this 
protein,  e.g. red mi lk  protein~, lactoferr in  3, tac tot rans-  
ferrin ~, and Iactosiderophil in ~, the  two  l a t t e r  are  par t icu-  
larly ill-chosen, because t h e y  suggest  a non-exis t ing  s 
s t ruc tura l  relat ionship wi th  the  i ron-binding prote in  f rom 
serum. The name lactoferrin,  ini t ia l ly  proposed by  BLANC 
a n d  ISLIKER a, will be used in t he  present  publ icat ion.  

Unpubl ished work  f rom our  l abora to ry  has  demon-  
s t ra ted  the  presence of lac toferr in  in h m n a n  sal iva and 
semen, and confirmed its occurrence in bronchia l  secre- 
tions. The prote in  was readi ly  ident i f ied on account  of its 
red color, e lec t rophore t ic  mobi l i ty ,  und i ron-binding 
capaci ty ,  as well as by  its react ion with  a specific r abb i t  
an t i serum raised agains t  a pur i f ied p repa ra t ion  of  lacto-  
Ierrin isolated f rom h u m a n  mi lk  (Figure 1), following the  
procedure  of BLANC and ISLIKER 7. 

In  order  to ident i fy  the  cells f rom which this  p ro te in  
originates in the  bronchia l  tree, c ryos ta t  sections of three 
biopsy specimens ob ta ined  dur ing  bronchoscopy  and four 
specimens obta ined  dur ing  thoracic  surgery were sub- 
mi t t ed  to s taining wi th  f luorescein-labelled an t i se rum 
against  lactoferrin.  Pr ior  to use, t he  absence of anti-  
b lood-group ac t i v i t y  in the  an t i se rum was verified, bo th  
by  agglu t ina t ion  tests  on R h  + h u m a n  e ry th rocy tes  of 
blood groups A, B and O, and by  appl ica t ion  of the  fluor- 
escent  an t i se rum on c ryos ta t  sect ion of in tes t inal  biopsies. 
In  no ins tance  was e ry th rocy te -agg lu t ina t ing  ac t iv i ty  or  
s ta ining of b lood-group-ac t ive  in tes t ina l  mucus  observed.  

In  all ins tances  an intense f luorescence was observed  in 
the  ac inar  cells of the  t rachea l  and bronchia l  g lands  
(Figure 2). The  specifici ty of  the  reac t ion  was demon-  
s t ra ted  by  exposing adjoin ing sections of the  biopsies to  
f luorescein-labelled an t i se rum which had been exhaus ted  
by means  of h u m a n  milk whey  serum (Figure 2, below) or  
purif ied laetoferrin.  No fluorescence was observed in the  
cells of the  surface epi the l ium,  nor in any  o ther  histo-  
logical s t ruc ture  of the  bronchiM wM1. In  specimens  of 
lung tissue obta ined  a t  surgery, the  epi thel ial  l ining of the 
alveolae cons is tent ly  failed to show any  specific fluores- 
cence. 

His tological  descr ipt ions  of the  g landular  s t ruc tures  of 
the  bronchia l  mucosa  usual ly  re ler  to  two ma in  morpho-  
logical types  of cells, which m a y  perhaps  represent  differ- 
ent  stages of a c t i v i t y  and di f ferent ia t ion of the  same cell 

l ineage:  the  so-called serous cell, hav ing  a clear, granular  
cytoplasm,  and the  mucous  cell, which is d is tended by 
large mucin-con ta in ing  secre tory  cisterns. In  the  present 
s tudy,  lactoferr in  was consis tent ly  found to be associated 
wi th  t he  serous cells (see Figure  3). The  mucous  cells (Mu 
in F igure  3) of ten d isplayed a cer ta in  a m o u n t  of specific 
f luorescence in the  basal  pa r t  of the i r  cytoplasm,  i.e. in 
the  f la t tened  por t ion  of the  cell which was no t  occupied 

Fig. 2. Immunohistochemical demonstration of lactoferrin in human 
bronchial glands. Above : low-magnification view of bronchial biopsy 
section stained with fluoreseein-labellcd anti-lactoferrin, Below: 
same magnification of adjoining section stained with antiserum pre- 

viously absorbed with lactoserum. 
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Fig. 1. Immunoelectrophoretic demonstration of laetoferrin in bron- 
chial secretions. Upper well: bronchial aspirate obtained during 
bronchoseopy. Lower well: whey from human milk. Antibody slit:  
antiserum specifically directed against lactoferrin from human milk. 
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by  the  muc in -con ta in ing  vacuoles,  and  which su r rounded  
the  nucleus,  i t  should be s t ressed,  however ,  t h a t  t he  con- 
t e n t s  of the  secre tory  vacuoles  of t he  goble t  ceils were  
usual ly  lost du r ing  the  processing of the  t issues,  so t h a t  no 
conclusion can  as ye t  be  d r a w n  regard ing  the  absence  or 
presence  of lac toferr in  in these  s t ruc tu res  9. 

Rdsumd. Les t echn iques  i m m u n o h i s t o c h i m i q u e s  on t  
pe rmis  de localiser la lactoferr ine  dans  les cellules s6reuses 
des acini des g landes  bronchiques .  
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Fig. 3. Comparative staining of serous and mucous acinar cells. 
Above: high-magnification view of bronchial biopsy section stained 
with fluorescein-labelled antilactoferrin. Below: same section after 
staining by the periodic aeid-Sehiff procedure. Se: serous cells. 

Mu : mucous cells. 

Effect of T h i a m i n e  A n a l o g s  on the Electrical  
Act iv i ty  of the Rabbi t  Vagus  Nerve  ~ 

In  an inves t iga t ion  of the  role of t h i amine  in nervous  
t issue,  ARMETT and  COOPER ~ found t h a t  pyr i th iamine ,  an 
an t ime tabo l i t e  of th iamine ,  w h e n  appl ied to the  non-  
m y e l i n a t e d  f ibers  of the  r abb i t  vagus  nerve  p roduced  an 
increase in t h e  amp l i t ude  of  the  c o m p o u n d  act ion po ten-  
t ial  t h a t  was  i r reversible  over  a 90 rain per iod (Figure 1). 
These  effects  could be p r e v e n t e d  by  p r e t r e a t m e n t  of t he  
nerve  w i t h  th iamine .  In  s u b s e q u e n t  b iochemical  invest i -  
gat ions  a, no corre la t ion  could be ob ta ined  be tween  the  
e lect rophysiologieal  effect  of p y r i t h i a m i n e  and  an in ter -  
ference wi th  t he  k n o w n  enzyma t i c  reac t ions  t h a t  require  
t h i amine  p y r o p h o s p h a t e  (TPP) as a coenzyme.  In  addi-  
t ion,  no inh ib i t ion  b y  p y r i t h i a m i n e  of t he  syn thes i s  of 
T P P  could be d e m o n s t r a t e d .  However ,  it  could be shown  
t h a t  i ncuba t ion  of the  vagus  ne rve  wi th  t he  an t ime t abo l i t e  
caused a release of t h i a m i n e  f rom the  nerve.  

In  an  ef for t  to  gain some in fo rmat ion  on t h e  specif ic i ty  
of t he  electr ical  effect  of py r i t h i amine ,  a va r i e ty  of o t h e r  
analogs  of t h i amine  were t es ted .  These  e x p e r i m e n t s  are 
the  basis  of th is  repor t .  

The  s t ruc tu res  of the  c o m p o u n d s  t h a t  were examined  
are shown in F igure  2; these analogs  were k ind ly  suppl ied  
by  Merck, Sharp  and D o h m e  Resea rch  Labora tor ies .  
Py r i t h i amine  and  th iamine  were ob ta ined  f rom Calbio- 
chem. 
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Fig. 1. The effect of pyrithiaminc on the compound diphasic action 
potential of the non-myelinated nerve fibers of the rabbit vagus 
nerve. The left-hand record is a control action potential and the 
right-hand record is the action potential 10 nfin after the addition of 

pyrithiamine (5 raM) to the bathing solutiou. 
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