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A b s tra c t  C ellu lar fatty acid-b inding  proteins (FABP) 
are a highly conserved fam ily  of proteins consisting o f  
several subtypes» am ong them  the m am m ary-derived  
growth inhib itor (M D G I) w hich  is qu ite  hom ologous to 
or even identical with the heart-type FABP (H-FABP). 
The FABPs and M D G I have been suggested  to be in­
volved in intracellular fatty acid m etabolism  and traffick­
ing. Recently, evidence fo r grow th and differentiation 
regulating properties of M D G I and H -FA B P was p rov id­
ed. U sing four affinity-purified polyclonal antibodies 
against bovine and hum an antigen preparations, the c e l­
lular localization o f  M D G I/H -FA B P in hum an and 
mouse tissues and organs was studied. T he antibodies 
were weakly cross-reactive w ith  ad ipose tissue extracts 
know n to lack  H-FABP, bu t failed  to  react by W estern 
blot analysis with liver-type FABP (L-FABP) and intesti­
nal-type FA B P (I-FABP). M D G I/H -F A B P  protein was 
mainly detected in m yocardium , skeletal and sm ooth 
m uscle fibres, lipid and/or steroid  synthesising  cells (ad ­
renals, Leydig cells, sebaceous glands, lactating m am ­
mary gland) and term inally  d ifferen tia ted  epithelia of the 
respiratory, intestinal and urogenital tracts. The results 
provide evidence that expression  o f  H -FA B P is associat­
ed with an irreversibly postm ito tic  and term inally differ­
entiated status o f cells. S ince all the an tisera  em ployed 
show ed spatially identical and qualitatively equal im m u- 
nostaining, it is suggested that hum an, bovine and m ouse 
M D G I/H -FA B P proteins share highly hom ologous ep i­
topes.
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Introduction

A n u m b er o f  in trace llu la r p ro te in s , w h ich  are ch a rac te r i­
sed by  the  capability  to  b in d  h y d ro p h o b ic  ligands, have  
been isolated  from  a varie ty  o f  tissu es  fro m  various sp e ­
cies o f  an im als as w ell as f ro m  h u m an s . W ith  regard  to 
their physicochem ical, ch em ica l a n d  s truc tu ra l ch a rac te r­
istics and to the ir  l ig an d  sp ec tru m , they  have been  d iv id ­
ed into three groups: (I) fa tty  ac id -b in d in g  p ro te in s  
(FABPs), (II) ce llu lar re tin o l-b in d in g  p ro te ins  (C R B P s), 
and (III) ce llu lar re tino ic  ac id -b in d in g  p ro te in  (C R A B P ; 
for review s see  B ern ie r  an d  Jo llè s  1987; C larke  and  
A rm strong  1989; G la tz  and  Van d e r  V usse 1989; V eerk­
am p et al, 1993). D ata  f ro m  bo th  nuc le ic  ac id  and am ino  
acid sequence  analyses rev ea led  vary ing  deg rees  o f  h o ­
m ology  am on g  m em bers  o f  the  fam ily  o f  fa tty  ac id -b in d ­
ing proteins, bu t w ith  a h ig h ly  co nserv a tiv e  secondary  
and tertiary structure (O c k n e r  1990; V eerkam p et al. 
1991). F urtherm ore , th e  in te rsp ec ie s  h o m o lo g y  am ong  
fam ily  m em bers appears  m o re  p ro n o u n ced  than the in tra ­
species hom ology  o f  th is  p ro te in  fam ily  (B ass  1993).

A lthough  th e  p h y s io lo g ica l fu n c tio n s  and  b io log ica l 
significance o f  the  fatty a c id -b in d in g  p ro te in s  are no t ye t 
fully de term ined , there  is ex p e rim en ta l ev idence  that 
FA B Ps are involved in th e  c e llu la r  u p ta k e  and  in trace llu ­
lar traffick ing  o f  lo n g -ch a in  fa tty  ac id s  (B ass 1990; K a- 
ikaus et ah 1990; O c k n e r  1990; S w e e tse r  et al. 1987). 
Thus FA BPs m ay reg u la te  cy to p la sm ic  fatty acid  c o n ­
centra tions and  ox ida tive  cap ac ity  (G la tz  and  Van der 
Vusse 1989; K aikaus et aL 1990; M a ta re se  e ta l .  1989; 
V eerkam p and  Van M o e rk e rk  1993). T h e  capab ility  o f  
FA B Ps to b ind  re tino ic  ac id  and  m e tab o lite s  o f  the e ico- 
sanoid  pa thw ay  (B oylan  an d  G u d as  1991; D u tta -R o y  et 
al. 1987; R aza  e t  al. 1989) su g g es ts , m oreover, the ir  p o s ­
sible partic ipa tion  in c e llu la r  g ro w th  reg u la tio n  and d if ­
feren tia tion  p ro cesses  (G la tz  e t a l .  1993). T h is  su g g es­
tion w as co rro b o ra ted  b y  the  iso la tio n  o f a g row th  in h ib ­
iting and d iffe ren tia tion  p ro m o tin g  p ro te in  fro m  bov ine  
m am m ary  g land , w h ich  w as o rig in a lly  re fe rred  to as 
m am m ary  derived  g ro w th  in h ib ito r  (M D G I; B ö h m e r  et 
al. 1987a). M D G I w as la te r  fo u n d  to be  h igh ly  hom olo -
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gous to, if  not iden tica l w ith, heart-type  fatty ac id-b ind­
ing p ro te in  (H -FA B P; S pener et al. 1990; Treuner e ta l .  
1994). T he  ex p ress io n  o f  M D G I in m urine m am m ary 
g land  was show n to b e  under strong horm onal control 
(B inas et al. 1992). R ecently , direct evidence was found 
fo r bo th  an tip ro life ra tive  and  d ifferentiation prom oting 
capab ilities  o f  M D G I/H -F A B P  in m am m ary  gland organ 
cultures (Yang et al. 1994).

U sing  im m u n o ch em ica l m ethods, H -FABP has been 
detected  in a variety  o f  organs and tissues, e.g. heari and 
skeletal m usc le , lung , kidney, stom ach, p lacenta and tes­
tes (B ass and M an n in g  1986; K leine e t al. 1993; Paulus- 
sen e t a l .  1989; V eerkam p e ta l .  1990). To our know l­
edge, how ever, only  a few  studies describe  the cellular 
and  tissue  loca lisa tion  o f  H -F A B P (W atanabe et al. 1991, 
1993). In the p resen t study using  affinity purified anti­
bodies, the spatial d is tribu tion  o f  M D G I/H -FA B P was in­
vestigated , no t on ly  in a  larger variety  o f  tissues than was 
investigated  by W atanabe  et al. (1991, 1993), but also in 
tw o d ifferen t species, nam ely  m an and  mouse. T his sys­
tem atic  investigation  o f  the spatial distribution o f  
M D G IA T-FA BP was expected  to reveal possible regulari­
ties o f  the express ion  patterns o f  M D G I/H -FA B P in vari­
ous tissues and organs and, fu rtherm ore , to give evidence 
for p resum ed  re la tions  be tw een  the presence o f  
M D G I/H -F A B P  and specific  ce llu lar organ functions.

Materials and methods

Animals

BALB/c inbred strain m ice o f both sexes and about 6-week-old as 
well as pregnant fem ale m ice at day 17 o f  gestation were em ­
ployed. After the animals were killed by cervical dislocation, or­
gan specim ens were excised  and fixed in phosphate-buffered for­
malin (4%) at 4° C and routinely embedded in paraffin.

Human tissues

Human tissue specim ens were obtained from autopsies (Depart­
ment o f  Pathology, A cadem ic Hospital Maastricht, The Nether­
lands) up to 24  h after death. The material, which showed no de­
tectable pathological alterations, was fixed in phosphate-buffered 
formalin (4%) at 4° C and was routinely embedded in paraffin.

Preparation o f  antigens and antibodies

The purification procedure for bovine H-FABP used for immuni­
sation and the preparation o f  polyclonal antisera was described 
elsewhere (Jagschies e ta l.  1985), Purification o f  bovine MDGI 
was as described earlier (Böhmer et al. 1987a). Polyclonal antisera 
were affinity purified on Sepharose columns covalently derivatised 
with bovine M DGI (Böhm er et al. 1987b). For this purpose, 1 mg 
o f  bovine M DGI was coupled to CNBr-activated Sepharose 
(Pharmacia/LKB, Uppsala, Sweden), incubated overnight with 5 
ml anti-M DGI rabbit antiserum and subsequently washed exten­
sively with phosphate-buffered saline (PBS). The bound specific 
im m unoglobins were eluted with 100 mM  g lycine buffer, pH 2.8.

The preparation o f  recombinant human H-FABP from skeletal 
m uscle was described by Peeters et al. (1991) and polyclonal anti­
sera against it were prepared according to Paulussen et al. (1990). 
Human H-FABP from heart, needed for the generation o f  affinity- 
purified m onospecific  polyclonal rabbit IgG, w as isolated and pu-

rified by gel permeation and anion-exchange chromatography as 
previously described (Van Nieuwenhoven et al. 1991; Kleine et al. 
1992). Briefly, homogenates o f  human heart tissue (25%, w/v) 
were prepared in buffer, consisting o f  10 mM  TRIS-HC1 (pH 8.0), 
150 mM  KC1 and 1 mM  dithiothreitol. After centrifugation of the 
homogenate at 2600 g  for 10 min and the supernatant at 105000 g 
for 90 min, the final supernatant was obtained containing cytosolic 
proteins. The final supernatant was concentrated by ultra-filtration 
using a Diaflo YM5 membrane (Amicon, Danvers, Mass., USA), 
and applied to a Sephacryl S200-SF column (Pharmacia/LKB) 
equilibrated with homogenisation buffer. Elution o f  proteins was 
monitored spectrophotometrically at 280 nm. FABP containing 
fractions, identified by the Lipidex 1000 assay (Glatz and Veerk­
amp 1983), were pooled, concentrated, dialysed overnight at 4° C 
against 5 m M  TRIS-HC1 (pH 8.0), and applied to a Sepharose-Q 
fast flow column (Pharmacia/LKB) equilibrated with dialysis buff­
er.

H-FABP was collected after stepwise gradient-elution (0-30  
mM  NaCl in 5 m M  TRIS-HC1, pH 8 .0 ). The purity o f  H-FABP 
was assessed by sodium dodecyl sulphate-polyacrylamide gel 
clectrophoresis (SDS-PAGE) and isoelectric focusing. Finally, the 
protein was dialysed against 10 mM  potassium phosphate (pH 
7.4), containing 150 mM  NaCl, and stored in aliquots at -2 0 °  C. 
To prepare antisera against human H-FABP, rabbits (Flemish gi­
ant) were immunised with 200 jug of pure human H-FABP each in 
a mixture o f  2 ml PBS and Freund’s Complete Adjuvant (FCA) 
(1:1, v/v), and were boosted at weeks 4 and 8 with antigen in a 
mixture o f  2 ml PBS and Freund’s Incomplete Adjuvant (FIA, 1:1, 
v/v). Two weeks after the last booster injection, blood was collect­
ed in glass tubes and spun for 10 min at 1500 g. From the resulting 
polyclonal antiserum the IgG fraction was isolated by means of 
protein-A chromatography (Pharmacia/LKB). M onospecific rabbit 
IgG against human H-FABP (aP-IgG) was subsequently isolated 
from this fraction by affinity chromatography, using a Sepharose 
column containing covalently bound human H-FABP. The protein 
contents of the affinity purified antibodies were 1.6 , 1.2 and 0.1 
mg/ml for the anti-bovine H-FABP, anti-bovine MDGI and anti­
human H'-FABP respectively.

Western blot analysis

Mouse tissue extracts were obtained by pulverisation o f frozen tis­
sue pieces under liquid nitrogen in a mortar, suspended in 5% SDS 
and solubilized for 10 min at 100° C. The extracts were cleared by 
centrifugation at 14000 rpm for 15 min and the protein concentra­
tion estimated with bicinchoninic acid using the bicinchoninic 
acid (BCA) kit (Pierce, Rockford, III, USA). Aliquots o f  each tis­
sue extract containing 60 |lg  o f  protein or 200  ng of each the puri­
fied proteins were applied to a 15% polyacrylamide gel and analy­
sed as described (Binas et al. 1992). Immunochemical'detection of 
the separated proteins on nitrocellulose was performed as de­
scribed earlier (Binas et al. 1992). In brief, the nitrocellulose blot 
was first incubated in \%  bovine serum albumin (BSA; w/v) in 50 
mM  TRIS-buffered 150 mM NaCl, pH 7.4, containing 0.1% 
Tween 20 (TBS/Tween) for 20 min, and afterwards at 4° C over­
night with the corresponding primary antibody at a concentration 
of 3.0 ]ig protein/ml in TBS/Tween. After washing in TBS/Tween 
twice for 15 min, the blot was incubated for 3 h with anti-rabbit 
IgG conjugated to alkaline phosphatase (Dakopatts, Copenhagen, 
Denmark) at a dilution o f  1:500 in TBS/Tween, then washed again 
with TBS/Tween three times for 10-min, and finally stained with 
nitroblue tetrazolium/l-bromo-2 -chloroindolyl phosphate as sub­
strate (Binas et al. 1992).

Immunohistochemistry

Paraffin sections of 4 jim in thickness were mounted on poly-L-ly-* 
sine coated glass slides and processed routinely. After incubation 
for 15 min in hydrogen peroxide (1.0%, w/v), followed by wash­
ing with PBS, the sections were incubated for 20 min in PBS sup-
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piemen ted with BSA (1.0%, w/v). After further washing with 
PBS, the sections were incubated for 2 h in the primary antisera. 
Anti-bovine M DGI,  anti-hum an H -FA BP and anti-human H-FABP 
from skeletal muscle were diluted 1:100, and anti-bovine H-FABP 
was diluted 1:50 in I % BSA (w/v) in PBS. After  the excess o f  pri­
mary antibodies was removed by washing with PBS, the sections 
were incubated for 45 min with biotinylated sheep anti-rabbit IgG 
(Amersham, Oxford, UK), followed by washing with PBS. The 
sections were next treated with streptavidin-conjugated horserad­
ish peroxidase for 15 min. Finally, the sections were extensively 
washed with PBS, treated with d iaminobenzid ine  (DAB) for 5 
min, followed by rinsing in distilled water. The sections were 
counterstained with haematoxylin,  dehydrated  and mounted rou­
tinely. Sections incubated with unspecific primary antibody or 
with antiserum that was pre-absorbed with the respective antigen 
served as negative controls.

Western blot analysis

For investigating the specificity of the various antibod­
ies, purified FABPs and aqueous extracts of mouse tis­
sues were employed. The spectrum of the antigens and 
the results are listed in Table 1. A Western blot demon­
strating the reactivity of anti-bovine H-FABP anti serum 
with various recombinant FABPs and mouse tissue ex­
tracts is given as example (Fig. 1). The bovine and hu­
man FABPs from mammary gland, heart and skeletal 
muscle gave positive reactions with all the heterologous 
and homologous antibodies. Likewise, the murine tissue 
extracts of lactating mammary gland, skeletal muscle 
and heart showed positive reactivity. Weak inmumostain­
ing was noted using brain extracts. FABPs and tissue ex­
tracts from liver, intestine, and skin were negative. The 
immunostaining of adipose tissue extracts may be due to

H-FABPc r o s s - r e ac 11 v 11 y, since 
and adipose tissue (A)-FABP extends to more than 60% 
(Veerkamp et al. 1991). Except for the anti-human re­
combinant H-FABP which was less reactive, ail the anti­
sera reacted with equal intensify.
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Fig. 1 Western blot of var ious  fatty-acid b ind ing  prote ins  (FABPs)  
and m ouse  tissue extracts an a ly sed  with  an t i -bovine  he art-type 
(H)-FABP ant ¿serum. Tissue ex trac ts  (lanes 1-7)  and purif ied or 
recombinant  proteins (lanes 8—J 2) w ere  ob ta ined  as descr ibed  in 
the “ Materials and m e th o d s” . Lane 1 ,  M a m m a r y  adipose tissue: 
lane 2, skin; lane 3, fiver; lane 4,  brain; lane 5, skeletal muscle;  
lane 6 .  heart; lane 7, I acta t ine m a m m a r y  gland.: lane <S\ bovine 
m am m ary  derived growth inh ib i to r  (M D G I) ;  lane 9 ,  rat liver-type 
(L)-FABP; lane 10 ,  bovine in tes t ina l- type  (f ) -FABP; lane I I ,  

bovine H-FABP; lane 12, h u m an  FI-FAB P. S trong  reactivity was  
obtained with  extracts  o f  skeletal  muscle ,  heart,  and lactating 
m am m ary  gland (lanes 5 -7 )  and with  bov ine  M D G I,  bovine FI­
FA BP and human H-FABP. T h e  s ta in ing o f  m ouse  m am m ary  
adipose tissue and possibly o f  bra in  ex trac ts  has to be considered  
as cross -reacti ve

1 m m u n o 1 u s t o c h e m is try

Myocardium, skeletal and smooth muscles

In accordance with the results of  the immu no blotting, a
anti sera showed strong species-non “Specific reactivity 
with myocardium (Fig. 2) of  both ventricles and atria 
and with skeletal muscles. R ed  striated muscle was more 
intensely stained than white striated muscle. Fibres with­
in an individual muscle showed quite heterogeneous iin-



150

'À s ' '

: ; , W :

•V

* £ 3 i

%

■i
■ M:ì.

’:}‘ Ì

f  V

mmmm
■>$ 

’ $  -» S
\

-.vWAr.

•rÌyf’.O'-tétJ'i’VY::

. . . . ; ; r

I v; : r>; r- C ! sVsS'V,''. / Av£sS

vm&
■ ¿ 'V ;-:' ' ! ' ' - V ' : '; : :

Wjpr#iiia»s|àpWi
P!®#S|pliì

'.v/.r >:<:■■

4
,ÌW<<:

wmim̂àkmwm
v jv ! >•»:*. 'li

I O :

s'oy*%
:v/v<

-\<r/JÌ 7 0 ( -

vm
• i /.• iv 5 ;•/.
. I r ' -/#:'»

■ \ M .

■in

i t i .

m

Fig. 2 M y o ca rd iu m  o f  the hum an  left ventricle, strongly reactive 
with an t i -hum an  H -F A B P  anti serum. Note immunonegativ i ty  o f  
the subendocard ia l  connec t ive  tissue and the smaller  blood 
vessels, x l  10

Fig. 3  H um an  str iated m usc le  o f  the M. dorsalis  longus, demon- 
s tnu ing  diffe.re.nt reactivity o f  while and red m usc le  fibres with an­
ti-human H -F A B P  anti se rum , x l  10

Fig, 4 Large artery o f  the  hum an  perigenitai  fat tissue showing 
faint FFFA BP express ion  {arrowhead)  with anti-human H-FABP 
antiserum (L Lum en) .  x 2 2 0

Fig, 5 Epithelial  layer  o f  a large bronchus  of  the human lung. Dis­
tinct im nm noreac t iv i ty  o f  the  apical cell com par tm ents  with anti- 
h u man H -  FA B P an I tserurn (arro wh eaci) .  x 55 0

turn, sparing Brunner’s glands, Lieberkiihn’s crypts and 
the mucous glands of colon and rectum. Expression of 
MDGI/FI-FABP i ncreased from the base to the tips of the 
intestinal villi, but was irregularly expressed by the cells 
on the villous surface, while explicitly excluding the 
globlet cells. The serous parts of all the human and mu­
rine salivary glands showed moderate expression in the 
epithelial cells lining the inter- and intralobular ducts, 
whereas the mucinous parts were thoroughly negative. 
Likewise, human and murine liver, including intra- and 
extrahepatic bile ducts, as well as excretory pancreas 
showed no reactivity.

niuno!abe.lling (Fig. 3). In contrast, the smooth muscle 
system as checked in intestinal wall, trachea and uterus 
gave only faint reactions. Smooth muscle of the aorta 
and walls of  the larger arteries were also weakly positive 
(Fig. 4).

G a s fro i n test in a I fra c: t

In human and murine stomach only the parietal cells 
demonstrated distinct .immunostaining. In addition, the 
squamous epithelium of the murine pre-stomach was 
strongly reactive. The epithelium of the intestinal tract 
showed clear immunoreactivity for MDGI/FFFABP with 
a generally decreasing gradient from duodenum to rec~

Excretory system

In both human and murine kidney MDGi/FFFABP ap­
peared in the distal tubules and, though less pronounced, 
in the collecting tubules. The glomeruli were completely 
immunoncgative. The tiro the I of renal pelvis and urinary 
bladder reacted only weakly with the antisera.

Resp iratory systern

In the respiratory tract of humans the cylindrical epithe­
lial layer of the trachea and the larger bronchi demon­
strated strong immunoreactivity, which was confined to
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Fig. 6 M ouse testes with distinctly irnnminolabellect interstitial 
Leydig cells {arrowhead). Reactivity with anti-bovine M D G i anti- 
serum (T  Seminiferous tubules). x500

Fig. 7 M ouse  ear with strongly immunosta ined sebaceous glands 
after treatment with anti-bovine M D G I antiserum. x 6 0

Fig, 9 Syncytiotrophoblastic  mesh work of mouse placenta, 
strongly expressing H-FABP as shown by immunosta ining with 
anti-bovine MDGI anliserum. x240

Fig. 10 Laryngeal cartilage o f  the mouse, demonstrating chondro- 
blasts distinctly immunoiabelled with anti-human H -FA BP anti se­
rum against skeletal muscle (arrowhead). x600

the luminal surface of the cells (Fig. 5). The squamous 
epithelium of the larynx was negative. In mice, tracheal 
and bronchial epithelium was only discontinuously im~ 
munolabeHed. but reacted at the level of the alveoli. Me- 
soihe!iai cells of the pleura failed to react in both species 
investigated.

Eu d o c r in  e s ystern
k/

Among the endocrine organs, both human and murine 
adrenals exhibited moderate expression of H-FABP 
mainly in the zona reticularis and quantitatively declin­
ing towards the cortex. Moreover, the corpora lutea of 
the murine ovaries were regularly stained. The testicu­
lar Leydig cells of both species exhibited distinct 
MDG'I/H-FABP expression (Fig. 6). The islets of Lan-

gerhans o f  the pancreas and the cells of the adenohy­
pophysis of mouse and hum ans were  completely im-
munonegative.

Sk i n a n d m a rn rn a ry g I a n d

Keratinocytes and cells o f  Langerhans of  the epidermis 
showed no immunostaining either in humans or in mice. 
The sebaceous glands which surround the hair sheaths 
were, however, strongly im m unoiabelled  with all four 
antiser employed (Fig. 7). The m am m ary gland of adult 
human females failed to express MDGI/H-FABP. In fe ­
male mice the M D G I/H -FA BP content of the mammary 
gland was strongly related to the gestational status; 
whereas the epithelium of the mam mary gland was im- 
munonegative in virgin and adult non-pregnant mice, the 
imrnunoreactivity increased during pregnancy in parallel 
to the formation of alveolar lipid droplets (Fig. 8A), re­
sulting in maximum staining during the lactation period. 
Although MDGI/.H-FABP was predominantly  expressed 
in the lipid droplet-containing cells lining the alveoli, the 
epithelial layer of ductules and of  small and large ducts 
occasionally also showed minor imrnunoreactivity. The
antigen was rntracellularly concentrated around the lip id 
droplets. Furthermore, the m em branes  of  the milk fat 
globules within the lumina were also positively immuno- 
I a be I led (Fie:. 8B).
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heads). A  x500;  B x 7 5 0

m-

■■ ■ • s-f/. y vyCOhh«'>• ««. v  '• ƒ« V?/ {(<,v /• /■(.«:!''mmmm
\ / 0  

<M

- m .

R e p ro d u c / i v e o rg a n s

The endometrium in human as well as murine females 
showed faint to moderate immunostaining. Granulosa 
cells and oocytes in the ovaries did not react with the an­
tisera. In contrast the Fallopian tube showed strong but 
discontinuous imrnunoreactivity of the epithelial layer in 
both species, in males of  both species the cells involved 
in spermatogenesis failed to express MDGI/H-FABP. 
However, the epithelial cells lining the seminiferous duct 
and seminal vesicles showed a c rmmunoreaction.

epithelium of  the human prostate showed no positive 
immunostaining. M D G I/H -FA B P was detected in the

■full-term human and murine placenta, mainly expressed 
in syncytiotrophoblastic and decidual cells (Fig. 9).

Miscellaneous

The human and murine haemopoietic and lymphopoietic 
systems completely failed to show positive immuno­
staining with the antisera employed. Osteoblasts and os­
teoclasts were also not immunoiabelled. Distinct cyto­
plasmic imrnunoreactivity was, however, discerned in 
certain chondroblasts in the laryngeal and tracheal carti- 

(Fig. 10). The cells of the white and, even more
>< s /s  :

«¡:i



strongly, the  b row n  fat tissue show ed variable subm em - 
branous im m unostain ing . The im m unoreactiv ity  o f  the 

i endothelial cells in  all hum an  and m urine  organs studied 
1 could not be  detected  w ith  certainty. C ontro l incubations 
: perform ed w ith  unspecific  an tibody or antisera pre-ab- 

sorbed with the respective antigen all show ed negative 
results.

| In order to recognise a possib le  influence o f  the paraf­
fin em bedding  procedure  on H -FA B P im munoreactivity, 
sections o f  native and paraffin-em bedded m aterial of 
several m ouse organs w ere com pared. The results 

j showed no spatial differences in im m unoreactivity  b e ­
tw een native and processed  tissue. Furtherm ore, a post­
m ortem  autolysis period up to 12 h failed to influence 
the localisation  and intensity o f  im m unoreactiv ity  as re ­
vealed in control experim ents w ith  m ouse tissue, thus ex ­
cluding the possibility  o f  autolysis effects on the im m u- 
nohistochem ical results. In general, all the organs and 
tissues from  m ouse and hum ans gave a quantitatively 
sim ilar staining reaction w ith  the anti-bovine M D G I and 
anti-hum an H -FA BP antisera, but less intensively with 
the anti-bovine H -FA BP antiserum .

*

i ................... .................................... ............................................................ ......................... .........................................................................._________________________________________________________________________________________________________________________________

Discussion

| A m ong the m em bers o f the FA BP family, H-FABP is 
| m ost w idely distributed w ith in  the organism . W hereas 
I expression of liver (L-FABP), ad ipose tissue (A-FABP), 

intestinal (I-FABP), ileal (IÍ-FABP) and epiderm al (E- 
! F A B P H y p e  FABPS is m ainly confined to their respec­

tive organs, H-FA BP is found in a variety o f  organs and 
tissues. Previous im m unochem ical studies using rat tis­
sue extracts dem onstrated  the appearance o f  H-FABP in 

; heart and skeletal m uscle, lung, placenta, testes, ovaries, 
i kidneys and stom ach (Bass and M anning  1986; K anda e t 1 
! al. 1989; Paulussen et al. 1989). R ecent im m unohisto- 

chem ical data indicated, m oreover, the expression of H- 
FABP in hum an and m urine m am m ary  gland (Binas et 
al. 1992; W atanabe et al. 1991, 1993) and  in hum an adre­
nals, stom ach, kidney, heart m uscle, striated  m uscle, p la ­
centa, testes, ovaries and salivary glands (K anda et al. 
1989; W atanabe et al. 1991, 1993).

The above results w ere confirm ed by the im m unohis- 
tochem ical study described in this paper. In addition, w e 
detectd H -FA B P in intestinal epithelium , m ale and fe ­
m ale genital tract, urothel and skin appendages. As far as 
com parable data  on m ouse, rat and hum an tissues are 
available, there are no fundam ental species-specific d if­
ferences in the cytolocalisation o f  H -F A B P  However, in 

\ con trast.to  W atanabe et al. (1993), w e failed to dem on- 
strate im m unolabelling  o f  thyroid  epithelia and found 
strong im m unoreactiv ity  in the oviduct o f m ice and h u ­
m ans; these differencs rem ain  to be explained. In our 
study, endothelial cells failed to dem onstrate  reliable im ­
m unostaining in all organs w ith  the an tisera  em ployed in 
contrast to  previous im m unohistochem ical da ta  (Fournier 
and R ahim  1985; Paulussen et al. 1990; Robers et al.
1993). R ecent electron m icroscopic  studies indicated the

absence of H -FA B P in en d o th e lia l ce lls  o f  the  m y o c a rd i­
um, bu t its p resence  in cap illa ry  endo the lia l cells o f  
p regnant cow s using o u r an ti-b o v in e  M D G I an tise ru m  
(B reter and E rdm ann  1994; V an N ieu w en h o v en  e ta l .  
1975), further studies are req u ired  on  the d is tribu tion  o f  
H -FA B P /M D G I in endo the liu m .

In central and  periphera l nervous sy s tem  at leas t th ree  
FA BPs have been  im m u n o ch em ica lly  dem onstra ted : 
M D G I, a closely  re la ted  p ro te in  (S choen tgen  et al. 
1989), and a fu rther F A B P  ten ta tive ly  designa ted  X - 
FA BP (K urtz e t al. 1994) and  b ra in  lip id -b in d in g  p ro te in , 
respectively  (Feng e t a l .  1994). B ecau se  our an tisera  
show ed w eak im m u n o s ta in in g  w ith  m o u se  brain  extracts 
and, w ith  regard  to the se q u e n c e  h o m o lo g ies  o f  the ce re ­
bral FA B Ps, cou ld  be  ex p ec ted  to reac t w ith  e ither o f  
them, the investigation  o f  n e rv o u s  tissue  w as om itted  in 
this study.

T he  results show ed th a t th e  an tise ra  em p lo y ed  w ere  
not cross reactive with L -F A B P  in im m u n o b lo ts  and tis ­
sue sections. L ikew ise , c ross  reac tiv ity  w ith  I-FABP, L - 
FA BP and Il-FA B P in the in tes tin e  co u ld  be  exc luded  fo r  
they show  a  d ifferen t loca lisa tion , exh ib iting  con tinuous 
and increasing  expression  fro m  the  b ase  to the  top  o f  the  
intestinal villi (Iseki and  K ondo  1990; Shields et al. 
1986; Sw eetser e ta l .  1988)* N o n  c ross-reac tiv ity  o f  th e  
antisera em ployed  w ith  L -F A B P  w as also show n by im ­
m unosta in ing  o f  k idney tissue. L -F A B P  is loca ted  in the 
proxim al tubuli, w hile H -F A B P  is loca ted  in the distal 
tubuli o f the k idney  (M aa tm a n  e t a l .  1991). Positive im ­
m unosta in ing  o f  the w h ite  a n d  b ro w n  fat tissue, on the  
o ther hand, m u st be  a ttr ib u ted  to  c ross  reactiv ity , since 
the hom ology  betw een  A -F A B P  and  FI-FABP is abou t 
60%  (V eerkam p e ta l .  1991). T he  an tise ra  a lso  reacted  
w ith  m urine  fa t tissue ex trac ts  in  the im m u n o b lo t.

W ith  regard  to W estern  b lo t  ana lysis  and  im m u n o h is-  
tochem istry , the  results w ith  the p o ly c lo n a l an tisera  
against bovine and h u m an  F A B P s show  tha t (i) H -F A B P s 
o f  bovine, hum an  and m u rin e  tissue  share  a  high degree  
o f  identity  o f  im m uno log ica l reac tiv ity  and, thus, m ay  
contain  h ighly  conserved  ep itopes; (ii) M D G I and H - 
FA B P are quite  similar, i f  n o t  iden tica l p ro te ins  w ith  r e ­
spect to im m unolog ica l reactiv ity . A cco rd in g  to the l ip ­
id-b inding  properties  o f  th is  fam ily  o f  p ro te ins , the in ­
vo lvem ent o f  FA B Ps in lip id  m e tab o lism  has been  g en e r­
ally inferred. H ow ever, as a lready  m ay b e  ded u ced  from  
its spatial d istribution , H -F A B P  has to  be  reg ard ed  as a 
m ultifunctional p ro te in  (S p en e r  and B orchers  1992). A  
num ber o f  functions h av e  b e e n  p ro p o se d  (G latz et al. 
1993; G latz  and  Van der V u sse  1990; K aikaus e t a l .  
1990; V eerkam p et al. 1991, 1992; Y ang e t al. 1994): (1) 
provid ing  a reserve  poo l fo r  cy to p lasm ic  fatty  acids; (2 ) 
p rom oting  cellu lar u p tak e  o f  fa tty  acids; (3) m o d u la tin g  
enzym e activities invo lved  in fatty  ac id  m etabo lism ; (4) 
enabling  in tracellu lar, ta rg e ted  tra ffick ing  o f  fatty  acids; 
(5) serv ing  as an in te rm ed ia te  in  in trace llu la r  s ignalling  
pathw ays; and  (6 ) inh ib iting  ce ll g row th  and  p rom oting  
cell d ifferentiation . T h e  p h y s io lo g ica l  s ign ificance  o f  
these p ro p o sed  functions in  v ivo  has still to  be substan ti­
ated.
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W ith  regard  to the  b io ch em ica l d a ta  referred to above, 
M D G I/H -F A B P  is loca lised  in three types o f  cytological 
structures:
1. C ell system s w ith  a h igh  ra te  of /3-oxidation. T his ap­
p lies to  m u sc le  f ib res  o f  the m y o card iu m  and the  red  stri­
ated  m usc les  and  to a lesser degree also  to w hite  striated 
and sm oo th  m uscles. Previously , in ra t heart and skeletal 
m uscles  a re la tion  has b een  reported  betw een  the m uscle 
H -FA B P con ten t and  the pa lm ita te  ox idation  capacity 
(V eerkam p and  Van M o erk e rk  1993) o r  the 3-hydroxya- 
cyl C o A  d eh y d ro g en ase  activ ity  (G arn ier e ta l .  1993). 
O n th e  o ther hand , in  quan tita tive  stud ies on  the  physio ­
logical im pac t on H -F A B P  in these organs, a close corre­
la tion  be tw een  /^-oxidation and  H -FA B P content was 
lack ing  (V eerkam p and  Van M oerkerk  1993).
2. C ells  know n to h av e  in tensive  fat m etabolism , espe­
cially a h igh  ra te  o f  s te ro id  synthesis. This applies to 
cells o f  the en d o crin e  system  (adrenal cortex, corpora lu~ 
tea, L ey d ig  cells), the sebaceous g lands, p lacen ta  and 
e p rh e l ia  o f  the  m am m ary  g land  o f  p regnan t and  lactat- 
ing mice,
3. C ells, fo r the m o st part o f  en toderm ic  origin, w ith re- 
sorp tive  (en terocy tes) or reabsorp tive  functions (distal 
renal tubuli, u ro the lium , ducts o f  salivary glands, epithe­
lium  o f  bo th  m ale  and  fem ale  genital tracts). In contrast, 
excretory  cell system s (salivary  glands, pancreas, gastro­
in testinal tract, p ro x im a l renal tubuli) are clearly nega­
tive, excep t fo r the m ero crin e  (m am m ary  gland) o r  ho lo­
crine ep ithe lia  (seb aceou s  glands).

F ro m  a  cell k ine tic  p o in t o f  view  it becom es evident 
that all ce lls  exp ress ing  H -FA B P are h ighly  differentiat­
ed. T hey  co m p rise  (i) te rm inally  differentiated, irrevers­
ibly postm ito tic  cells lack ing  the po tency  for further di­
v ision  (e.g. m u sc le  cells), and (ii) d ifferentiated daughter 
cells fro m  unequa lly  d iv id ing  s tem  cells  o f  ectoderm al 
and en to derm al ep ith e lia  (e.g. enterocytes). T his has 
been  d em o n stra ted  by  e lec tron  m icroscopy  in  the bovine 
m am m ary  g land  w h ere  M D G I/H -F A B P  is heterogenous- 
ly expressed  in a lveo lar cells, apparently  sparing the 
stem  cells (E rd m ann  and  B re te r 1993). C om parison  with 
au to rad iog raph ic  da ta  f ro m  the  m ouse  (Schultze 1968) 
em phasizes  tha t th e  ce lls  expressing  H -FA B P frequently  
are m ito tica lly  inac tive  and  have a generation tim e of 
m ore than 150 h (e.g. ep ithe lia  o f  the pre-stom ach , m am ­
m ary g land  alveoli and  u terus  m ucosa). C onsidered  alto­
gether, these  da ta  s trong ly  support existing evidence that 
H -FA B P is associa ted  w ith  the regu la tion  of proliferation 
and d ifferen tia tion  o f  certa in  cell system s. Involvem ent 
in these p ro cesses  is experim enta lly  b ased  on findings 
concern ing  u p -reg u la tio n  o f  the  ce llu lar H -FA B P content 
by d iffe ren tia tio n -p ro m o tin g  horm onal stimuli, e.g. by 
p ro lac tin  (B inas e t al. 1992) and  an tiprogestins (Li et al.
1994), or d o w n -reg u la tio n  by  m ito tic  agents such as ep i­
derm al g row th  fac to r  and  transfo rm ing  grow th factor-o: 
(Sp itzer et al. 1994) as show n  in  m ouse  m am m ary  gland 
explan t cultures. M o s t  recen t experim en ts  have directly 
con firm ed  the g row th  inh ib ito ry  and  d ifferen tia tion  p ro ­
m oting  p roperties  o f  H -ty p e  FA B Ps w h en  added to p ri­

mary m am m ary epithelial cell and organ  cultures of 
mouse m am m ary  gland (Yang e ta l .  1994) or primary 
murine cerebral cell cultures (Feng e ta l .  1994). Future 
studies have to elucidate w hether H-FABP, in this con­
text, may act as a signalling interm ediate, as im plied  by 
data suggesting the insulin-dependent phosphory lation  of 
H-FABP (N ielsen and Spener 1993).
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