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Summary. The human plasma protein, a,HS glycoprotein,
has an amino acid composition very similar to that of fe-
tuin, the major protein in fetal calf and lamb serum. Immu-
nohistochemical studies of human fetuses (6-33 weeks ges-
tation) showed that o, HS glycoprotein and fetuin have sim-
ilar distributions in developing brain and several other tis-
sues, e.g., bone, kidney, gonads, gastrointestinal tract, respi-
ratory and cardiovascular systems. There were notable dif-
ferences in the liver and thymus in the distribution of the
two proteins. Fetuin and «,HS glycoprotein are present
in plasma and cerebrospinal fluid of both human and sheep
fetuses; their concentrations are reciprocally related: in hu-
man plasma and cerebrospinal fluid o, HS glycoprotein con-
centration is high and fetuin low; the reverse is the case
in sheep fetuses.

Estimates of the concentration of a,HS glycoprotein
in human fetal cerebrospinal fluid and plasma were ob-
tained. It is suggested that «,HS glycoprotein may play
a role in developing tissues, especially in the human fetus,
similar to that of fetuin in other species.
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The first fetal plasma protein to be described was fetuin;
Pedersen (1944) purified this «,-glycoprotein from newborn
and fetal calf serum. It has subsequently been shown to
be quantitatively important in the fetus of members of the
Order Artiodactyla (cattle, sheep, pigs and goats, see Ca-
vanagh et al. 1982 for references). It contributes up to 5 g/L
or more in plasma throughout the long gestational period
of these species, but is detectable in the adult only at a
low concentration (e.g. 60 mg/L in sheep; Dziegiclewska
et al. 1980). Its function are not known, although there
have been several suggestions (see Discussion).

Within the developing forebrain in species of the Order
Artiodactyla there is a particularly striking immunocyto-
chemical staining for fetuin in a high proportion of cells
of the cortical plate when it first appears (30-35 days gesta-
tion in the sheep, Mellgard et al. 1984; Reynolds and
Mollgird 1985; 26-31 days in the pig, Cavanagh and
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Mollgard 1985; 45-50 days in the cow, Reynolds et al.
1986). Fetuin also occurs within cells of many other embry-
onic and fetal tissues of sheep and pigs (Dziegielewska et al.
1981; Reynolds et al. 1983; Reynolds and Mgllgard 1985;
Cavanagh and Mellgard 1985). Until recently it was some-
what curious that such an apparently important glycopro-
tein appeared to be absent from other species. However,
it has since been shown by the use of cross-reacting anti-
fetuin antisera, that fetuin or a fetuin-like protein is present
in the fetuses of many non-Artiodactyla species, including
human and rodent (Dziegielewska et al. 1983). As will be
described in this paper, some anti-fetuin antibodies stain
the early cortical plate of human fetal brain but only very
weakly and the amount of fetuin in human fetal plasma
appears to be rather small. We have therefore investigated
the possibility that another glycoprotein might have a distri-
bution in human fetal brain and other tissues similar to
that of fetuin in sheep, pig and cattle fetuses. Comparison
of published values for amino acid compositions of human
plasma proteins (e.g. Schultze and Heremans 1966) with
the known composition of cattle (Spiro and Spiro 1962)
and sheep (Marti et al. 1973) fetuins suggested that o, HS
glycoprotein (x,HS, named after its co-discoverers J.F.
Heremans and K. Schmid, see Putnam 1984 for review of
properties) was a good candidate for the human equivalent
of fetuin.

This study shows that both o, HS and fetuin are present
in at least some species, that there is a degree of cross
reactivity between anti-fetuin and o, HS, but that there are
also some differences in the distributon of these proteins.
A major finding is that, whereas fetuin is the main plasma
protein present in early cortical plate cells in fetuses of Ar-
tiodactyla, it is o, HS which is found in these cells at a
similar stage of brain development in the human fetus.

Materials and methods

Tissues. Tissues examined in the immunocytochemical part
of the study were obtained from 6 human embryos and
14 human fetuses selected from a group of 141 human em-
bryos and fetuses obtained from legal abortions, ectopic
pregnancies and stillborn fetuses. The embryos and fetuses
ranged from 6 mm crown-rump length (CRL) to 44 cm to-
tal length corresponding to 6-33 weeks gestation.

Sheep embryos and fetuses were obtained from Clun
Forest ewes of known date of mating. This part of the
material, including handling, fixation, preparation and im-
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Fig. 1. Crossed immunoelectrophoretic (A, B) and rocket immuno-
electrophoretic (C, D) plates. In A the intermediate gel contained
anti-cattle fetuin (0.1 ml) and the top gel contained anti-human
a,HS (0.15 ml). The well contained 5 pl of 19-week human fetal
plasma. Note the small peak for fetuin (arrow) and the much larger,
stronger peak for a,HS (top gel). In B the intermediate gel con-
tained anti-human o,HS (0.1 ml) and the top gel contained anti-
cattle fetuin (0.2 ml). 5 pl of 40 day sheep plasma were placed in
the well. Note small peak for a,HS in intermediate gel (arrow)
and much larger peak for fetuin in top gel. A, B clearly indicate
the presence of both a,HS and fetuin in human and sheep fetuses.
In C the intermediate gel contained anti-fetuin (0.7 ml in 3 ml buf-
fered agarose) and the top gel contained anti-a,HS (0.15ml in
4 ml buffered agarose). The wells in the bottom gel contained dilu-
tions of o, HS standard (500 pg/ml, left to 10 pg/ml, right). In D
the intermediate gel contained anti-a,HS (0.5 ml in 3 ml agarose)
and the top gel contained anti-fetuin (0.2 ml in 4 ml agarose). The
wells in the bottom gel contained dilutions of fetuin standard
(100 pg/ml, left to 5 pg/ml, right). The clear extension of the im-
munoprecipitation lines into the intermediate gel in C is evidence
of cross reactivity between a, HS and anti-fetuin

munocytochemical staining, was described in detail recently
(see Reynolds and Mopllgird 1985). The methods used were
similar to those described below for the human fetal materi-
al; only Bouin’s fixative was used for the sheep fetal materi-
al.

Plasma and CSF samples. CSF (cisternal or ventricular)
and plasma (derived by heart puncture) samples were ob-
tained from human fetuses after legal therapeutic abortion,
with the approval of the University College Hospital Ethical
Committee. Samples were frozen as soon as possible after
they were obtained and stored at —20° C until used. Sam-
ples of CSF and plasma from fetal sheep were obtained
from the fetuses of anaesthetized ewes and stored at —20° C
as described previously (Dziegielewska et al. 1980). Plasma
proteins, including fetuin and o, HS appear to be stable
under the conditions used in the experiments.

Immunochemistry. Crossed immunoelectrophoresis as de-
scribed previously (Dziegielewska et al. 1983) was used to
identify fetuin and o, HS in human and sheep samples. Indi-
vidual details are given in the legend to Fig. 1. Rocket im-
munoelectrophoresis was carried out according to the de-
scription of Weeke (1973); details are again given in the
legend to Fig. 1. Quantitative estimates of a, HS in human

CSF and plasma samples were obtained by radial immuno-
diffusion (Mancini et al. 1965). The standard used was
Hoechst (FRG) Human Standard Serum Code No. ORDT
0203. The antiserum was Hoechst anti-o, HS.

Antisera and specificity checks. Specific rabbit antiserum
against bovine fetuin (code no. Z 249, lot 012A) was ob-
tained from DAKOPATTS, Denmark, and rabbit antise-
rum against human o, HS (104110A) was obtained from
Hoechst (FRG). Working dilutions used in the immunocy-
tochemical part of the study were determined by titration.
Control tests with these antisera absorbed with purified
sheep fetuin or with human o, HS respectively, were nega-
tive. Both the polyclonal antibodies to fetuin and «,HS
and the monoclonal antibodies to fetuin (see below) recog-
nize protein epitopes rather than the oligosaccharide.

Absorption tests showed a significant amount of cross
reactivity between o, HS and fetuin. Therefore in order to
test whether o, HS could be detected in tissues shown to
stain for fetuin, advantage was taken of the fact, confirmed
in control experiments, that the rabbit IgG-PAP system
does not react with mouse monoclonal antibodies when
incubated on tissue sections. Purified sheep fetuin was avail-
able from an earlier study (Dziegielewska et al. 1980).
Monoclonal antibodies were raised by the standard hybri-
doma technique (K&hler and Milstein 1975). Ovine and bo-
vine forebrain sections were pre-incubated with mouse
monoclonal antibodies to sheep fetuin; they were then incu-
bated with rabbit antisera to either ovine or bovine fetuin
or to human o, HS and developed with the usual rabbit
PAP-DAB procedure. Appropriate controls were run with
each test. Sections preincubated with monoclonal anti-fe-
tuin were negative after incubation with anti-fetuin antisera
but positive with anti-a,HS antisera. Controls were nega-
tive. This demonstrates that specific a,HS staining could
be distinguished from cross reactivity between anti-a,HS
and fetuin.

Immunocytochemistry — fixation and preparation. Immedi-
ately after operation, the entire embryos or tissue blocks
from the forebrains, which were removed from the fetuses,
were fixed for 24 h at 4° C in one of the following fixatives:
10% buffered formalin, 4% formol-calcium, Lillie’s fixative
or Bouin’s fixative. The tissues were dehydrated in ethanol
and xylene at room temperature and embedded in paraffin
at 58-60° C. Serial sections of 3-5 um were cut in horizon-
tal, sagittal or frontal planes. Two sections from every 10
were selected for histological examination and stained with
toluidine blue or haematoxylin-eosin. Other serial sections
from these brains, together with serial sections cut from
stored paraffin blocks, were used for immunocytochemical
tests. In a few cases both original and new serial sections
were used and in these instances no differences in the stain-
ing reactions were demonstrated.

Immunoperoxidase staining. Paraffin sections were de-
waxed and endogenous peroxidase activity was blocked
with a fresh 0.5% solution of hydrogen peroxide in metha-
nol for 15 min. Sections were subsequently rehydrated and
washed 3 times for 10 min in 0.5 M NaCl in 0.05 uM Tris/
HCI (Sigma) buffer, pH 7.4 to which 0.01% v/v Nonidet
P-40 has been added (wash buffer). Thereafter, the sections
were exposed to 20% v/v normal swine serum in 0.5 M
NadCl, 0.05 M Tris/HCI (Sigma), pH 7.4 (dilution buffer)



at room temperature for 15 min. Excess swine serum was
removed without washing and the sections were treated
with either rabbit anti-bovine fetuin (1:200 in dilution
buffer) or rabbit anti-human a,HS (1:1500) overnight at
4° C. After incubation with antibody the sections were
washed 3 times for S min at room temperature with wash
buffer. The sections were treated with swine anti-rabbit im-
munoglobulin (1:20 in dilution buffer) for 30 min at room
temperature. After washing 3 times 5 min, the sections were
treated with a soluble complex of horseradish peroxidase
and rabbit anti-horseradish peroxidase (PAP, DAKO-
PATTS) 1:50 in dilution buffer followed by three times
5 min washes. The bound antibodies were visualized with
a solution of 0.05% DAB (Sigma) in 0.05M Tris/HCl
(Sigma) pH 7.4 in 0.5 M NaCl. The sections were then pre-
incubated for 10 min in this solution before incubation for
10 min in the same solution containing 0.05% H,0,. The
DAB stained sections were washed for 5 min in Tris buffer,
counterstained with haematoxylin, dehydrated and
mounted in DPX.

Controls were included in each test; specific antisera
were omitted or substituted by rabbit pre-immune serum
in the same dilution as used for the antisera. Sections so
stained were always negative although background staining
varied: tests with high background were discarded. The
specificity of the antisera was verified by testing on forma-
lin-fixed and paraffin-embedded material with known posi-
tive reaction for the antigens.

Results
Immunochemistry

The presence of both fetuin and a,HS in 19 week fetal plas-
ma and 40 day sheep fetal CSF is illustrated in Fig. 1. In
the human material o, HS was much more prominent than
fetuin (Fig. 1 A) whereas in sheep there was far more fetuin
than o, HS. In both species «,HS had a slower electropho-
retic mobility than fetuin. Fetuin in human plasma samples
has previously been reported (Dziegielewska et al. 1983)
and appears to be present at least between the ages of 16
and 30 weeks gestation. Samples earlier than 16 weeks have
not so far been available, but immunocytochemical staining
of plasma fetuin in sections of embryos as young as 7 weeks
was observed (see below). Because of the scarcity of human
fetal CSF, we were unable to look for the presence of fetuin
in this fluid, but it could be visualised immunocytochemi-
cally in sections of forebrain from fetuses in the age range
7-20 weeks. Quantitative estimates for ¢, HS in human fetal
plasma (Table 1) and CSF were obtained for a small
number of samples. There was no significant difference in
a,HS concentration in plasma at the different fetal ages.
The adult value is about 50-60 mg/100 ml (Putnam 1984).
In fetal CSF (18-22 weeks) the a,HS concentration was
4.3+ 0.8 mg/100 ml (n=6), which is about 25 times higher
than in the adult (Schuller et al. 1971). The CSF:plasma
ratio was 13.7+2.5% for the six paired samples; in the
adult it has been reported to be 0.36% (Felgenhauer 1974).
Quantitative estimates of fetuin in human fetal plasma and
CSF could not be made because of the lack of a suitable
human fetuin standard. By comparison with sheep samples
for which a fetuin standard has been prepared (Dziegie-
lewska et al. 1980) the amount can be estimated approxi-
mately to be 1-5 mg/100 ml at 19 weeks and less than | mg/
100 ml at 30 weeks in plasma.
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Table 1. Concentration of a,HS (mean+S.E.M.) in human fetal
plasma between 18 and 40 weeks gestation; n=number of fetuses
sampled

Fetal age n o, HS concentration
(weeks) (mg/100 ml)
20 9 31+4
(18-22)
30 6 3747
(26-34)
38 4 47+7
(35-40)

o, HS in the sheep has not been previously described.
It was detectable in trace amounts in adult plasma (not
illustrated). An example of the detection of a,HS in fetal
sheep plasma (40 days) is shown in Fig. 1. With the methods
used o, HS could not be detected in CSF from 60 days ges-
tation onwards. It was present at a low level in plasma
over a wide period of gestation. Immunocytochemically it
was detected over the age range 25-80 days. As with fetuin
in the human fetus, we were not able to estimate the amount
of a,HS in fetal sheep plasma, because of the lack of a
suitable standard. However, crossed immunoelectrophor-
etic data suggest that it was below 1 mg/100 ml. Thus fetuin
is a major plasma and CSF protein in fetal sheep but a, HS
is present in only small amounts. In contrast, the opposite
is the case in the human fetus; however in this species a, HS
is not nearly so quantitatively dominant in the plasma as
fetuin is in the sheep.

The immunoelectrophoretic evidence given above shows
clearly that both proteins are present in sheep and human
fetuses. By varying the relative concentrations of antibody
and antigen it was possible to demonstrate cross reactivity
between a,HS and anti-fetuin using rocket immunoelectro-
phoresis but not between fetuin and anti-a,HS. An example
is shown in Fig. 1C, D.

Immunocytochemistry

The distribution of a, HS and fetuin in the lateral wall of
the human cerebral vesicle prior to and during cortical plate
formation. The terminology used to describe the different
stages of the development of the neocortex was based upon
the modifications of the Boulder Committee Scheme (1970)
and proposals by Marin-Padilla (1978) which were used
in the studies of human (Mwellgard and Jacobsen 1984) and
sheep (Reynolds and Mpllgard 1985) cortex development.
Neither a,HS nor fetuin could be demonstrated in the ven-
tricular zone of an embryo of 6 mm CRL but some cells
positive for o, HS were seen lining the ventricle in embryos
of 9-15mm CRL. A few scattered cells in the primordial
plexiform layer also exhibited positive staining reaction for
o, HS. At later embryonic stages (CRL 16-22 mm) staining
for a, HS was seen in some cells in the primordial plexiform
layer (Fig. 2). Fetuin was barely detectable but weak posi-
tive staining was distributed in a pattern similar to that
of a, HS.

By 22-24 mm CRL, when the cortical plate has devel-
oped as a layer of 2-5 cells thick in the lateral cerebral
wall, many cells exhibited a distinct positive staining reac-
tion for o, HS (Fig. 3 A). Irregularly orientated positive cells
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Fig. 2. Immunoperoxidase staining of a 20 mm CRL human em-
bryo for a,HS showing the characteristic staining pattern with
positive cells distributed mainly in the outer half of the ventricular
zone (VZ) and in the primordial plexiform layer (PP). Bar indicates
100 pm

were scattered in the well-defined subventricular zone. Very
few positive cells could be identified in the ventricular zone.
Fetuin staining showed a similar but much weaker pattern
of reactivity (Fig. 3B).

At later stages of neocortical development most of the
well-differentiated cells located in the inner half of the corti-
cal plate exhibited a positive staining reaction for o,HS.
Some of the large well-differentiated neurons in the subplate
zone were also positive for o, HS. A very weak staining
reaction for fetuin could be demonstrated in the regions
positive for a, HS. In the oldest fetuses invesigated the stain-
ing reactions for both a,HS and fetuin had disappeared.

The distribution of fetuin and a,HS in the lateral wall of
the sheep cerebral vesicle prior to and during the formation
of the cortical plate. The distribution of fetuin-positive cells
during the development of the sheep neocortex has been
described recently (Reynolds and Mgllgard 1985). The dis-
tribution of fetuin-staining in sheep embryos of 25 and
31 day gestation was very similar to that of the o, HS-stain-
ing in human embryos (CRL 16-22 mm) as shown in Fig. 2.
Fetuin-staining of the early cortical plate in 35-36 days
sheep embryos was very similar to o,HS-staining of
22-24 mm CRL (7 weeks) human embryos and fetuin-stain-
ing of early human cortical plate was very similar to o, HS-
staining of early sheep cortical plate.

This paper presents examples of the distribution of fe-
tuin and o«,HS in different human tissues. To be able to

compare the intensity of the staining reactions, dilutions
similar to those used for staining the developing cortex
(o, HS 1:1500, fetuin 1:200) have been used throughout
the study.

Other human tissues

Bone forming tissues. Since previous studies have empha-
sized an association between a, HS and bone formation we
have been particularly concerned to compare the distribu-
tion of a,HS and fetuin in bone-forming tissues. Osteo-
blasts and osteoid material were positive for both proteins.
The staining reaction for «, HS was somewhat stronger than
that for fetuin, but the distribution was practically identical
(see Figs. 4A, B).

Kidney and gonads. Both the intensity of staining and the
distribution of positively stained cells in the kidney were
very similar (Fig. 5A, B). Intraluminal material stained very
similarly along the length of the tubules. Many proximal
tubular cells were positively stained for both proteins, but
there was also a proportion of cells in the loop of Henle,
distal tubule, and collecting tubule stained similarly for fe-
tuin and a, HS.

The gonads showed a very strong reactivity confined
to the capsule, a weak extracellular staining in the hilus
region, a weak staining of interstitial cells, but otherwise
negative parenchymal cells.

Gastrointestinal tract, vascular and respiratory systems. The
staining reactions for the two proteins were also remarkably
similar both in intensity and localization in most of the
tissues of the gastrointestinal tract, including the pancreas.
Similar results were obtained in the lungs and the vascular
system, including the heart. Respiratory epithelium and
submucosa showed a weak and diffuse staining for fetuin,
whereas o, HS staining showed a pattern of strongly-react-
ing cells alternating with unstained cells in epithelium and
submucosa (Fig. 4A, B).

Thymus and liver. A major difference in the distribution
and subcellular localization of the two antigens was ob-
served in the thymus and liver. Lymphocytes were negative
for both fetuin and «,HS but the epithelial cells and the
Hassall bodies derived from these cells were clearly positive
for fetuin and negative for o, HS (Fig. 6 A, B).

During early stages of development both fetuin-contain-
ing and a,HS-containing hepatocytes were few in number
and weak in staining intensity. In the late embryonic and
early fetal period the number of positive cells and their
staining intensity gradually increased. The positively-react-
ing hepatocytes exhibited a very different subcellular distri-
bution of their reaction products. Thus fetuin staining re-
sulted in a strong and diffuse reaction of the individual
hepatocytes whereas o, HS staining resulted in a distinct
granular product in the perinuclear region (Fig. 7A, B).

Discussion

The presence of fetuin in CSF and plasma of fetal sheep
has been reported in previous publications (Dziegielewska
1982; Dziegiclewska et al. 1980; Cavanagh et al. 1983).
Quantitatively, it has been shown to be a major protein
in CSF and plasma throughout a wide range of gestational
age in this species.
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Fig. 3. Immunoperoxidase staining for a,HS (A) and fetuin (B) of a 28 mm CRL human embryo. Note the many strongly o, HS-stained
cells in the cortical plate (CP) in A compared to the few weakly fetuin-stained cortical plate cells in B. The newly-formed cortical

plate (CP) from a 36-day sheep embryo stained for o, HS (C) and fetuin (D) demonstrates a reverse staining pattern. Bar indicates
100 pm



Figs. 4, 5. Immunoperoxidase staining for o, HS (4A and 5A) and fetuin (4B and 5B). Consecutive sections of the anterior nose cavity
(4A, B) from a 71 mm CRL human fetus and of a kidney (5A, B) from a 52 mm CRL fetus. Note the similarity of the staining
reactions. The layer of osteoblasts (arrowheads in 4A) reacts more strongly for a,HS than for fetuin. In Fig. 5A, B some intraluminal
reaction products in some kidney tubules are indicated by arrowheads. Bars indicate 1 mm
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Figs. 6, 7. Consecutive sections of thymus (6A, B) from a 140 mm CRL fetus and liver (7A, B) from a 71 m CRL fetus stained
for o, HS (6A and 7A) and fetuin (6B and 7B). The arrowheads in 6 A, B point to a,HS-negative and fetuin-positive Hassall bodies.
Note the granular o, HS-staining reaction in 7A compared with the strong, diffuse fetuin-staining reaction in 7B. Bars indicate 100 pm



40

The immunochemical evidence presented in this paper
(Fig. 1) shows that both a,HS and fetuin are present in
two widely different species: human and sheep. The immun-
ocytochemical evidence confirms that this is the case and
we have tried to take considerable care to distinguish be-
tween staining due to cross-reactivity and that due to specif-
ic staining for each antigen, particularly since both proteins
appear to have a similar distribution in many organs. Ab-
sorption with the appropriate antigen has confirmed that
the staining with each antiserum is specific. The blocking
experiment has shown that, at least in the sheep cortical
plate, both proteins are present in spite of cross-reactivity
between anti-fetuin and a,HS. Assessment of differences
in staining intensity of the two proteins was difficult because
of the use of heterologous and homologous antisera, quite
apart from the usual problems met when comparing two
antisera to different antigens. However, within a single sec-
tion of a whole embryo stained for either fetuin or o, HS
it is possible to make some semi-quantitative deductions
about the relative concentration of each antigen in different
tissues. Thus it is clear, that staining for a,HS in the human
embryo is particularly strong in the cortical plate, but ab-
sent in the Hassall’s corpuscles of the thymus. In contrast,
fetuin staining in the cortical plate is weak but is stronger
in the liver, gut, kidney and strongly positive in Hassall’s
corpuscles.

Extensive studies of the chemical structure (Alcaraz
et al. 1981; Fisher et al. 1958; Gejyo and Schmid 1981;
Marti et al. 1973; Matsuhima et al. 1982; Oshiro and Eylar
1968 ; Schultze and Heremans 1966) and possible biological
functions (see below) of fetuin and a,HS have been pub-
lished. A considerable amount of work has also been done
on the amino acid composition of these proteins. It appears
to have gone unnoticed that they are remarkably similar.
One method of comparing such data is the “Variation In-
dex” (Metzger et al. 1968). Gejyo and Schmidt (1981) calcu-
lated the Variation Index for the “fast” and “slow” forms
of a,HS to be 2.1. Similar calculations have been made
for human o, HS and sheep fetuin using the data; this gives
a Variation Index of 6.7. For comparison, human a-feto-
protein (data from Nishi et al. 1970) and sheep a-fetopro-
tein (data from Lai 1978), have a Variation Index of 11.
Thus the difference in amino acid composition for the same
protein (a-fetoprotein) from different species appears to be
greater than the difference between o, HS and fetuin for
different species. The Variation Index for sheep and bovine
fetuin (7.1) is scarcely different from that for «,HS and
fetuin (6.7). a,HS consists of two polypeptide chains, one
long (A chain) and one short (B chain). Both have been
sequenced (Gejyo et al. 1983; Yoshioka et al. 1986). For
fetuin, which is a single peptide chain, the first 40 amino
acids of the N terminus have been sequenced (Alcaraz et al.
1981). The homology between the N terminal sequences
of fetuin and of the A chain of a,HS is about 60%. Thus
fetuin and a,HS are probably very closely related proteins
which have diverged from a common gene; alternatively
there may be a single gene controlling both proteins with
post transcriptional differences at the mRNA level. The
differences in carbohydrate chains are probably a reflection
of differences in subcellular processing. This possibility is
supported by the observation that the immunocytochemical
staining for the two proteins is different in some organs.
For example, in the liver, a,HS staining has a granular
appearance which may be associated with the Golgi appara-

tus whereas fetuin staining is diffuse, and is perhaps within
the endoplasmic reticulum. Work is now in progress to in-
vestigate these possibilities.

A wide range of functions has been ascribed to fetuin
itself or to a serum fraction containing fetuin. Most effects
were described in culture of various tissues. Thus fetuin
was observed to stimulate adherence and growth of cells
(Fisher and Puck 1958; Puck et al. 1968), sustain (together
with albumin) growth in culture (Rizzino and Shermann
1979), and be responsible for spreading of cells (Knox et al.
1979). Recently, it was shown (Raff et al. 1983) that some
preparations of fetuin cause differentiation of type-2 astro-
cytes in cultures of postnatal rat optic nerve.

Other possible functions of fetuin also suggested were:
binding of thyroxin (Fisher and Lam 1974), trypsin inhibi-
tor activities (Galembeck and Cann 1974), inhibition of
viral and lectin haemaglutination (Yachnin 1975) and lym-
phocyte stimulating properties (Hsu and Floyd 1976).

On the other hand, possible functions of a,HS have
mainly been investigated in relation to the finding that it
is present in bone-forming tissues (Dickson et al. 1975) and
that it has a high affinity for Ba* and Ca™ * (Triffitt et al.
1976). The plasma concentration of a,HS is reduced in
some acute disorders (negative acute phase protein, e.g.,
Baskies et al. 1980) in malnutrition (Schelp et al. 1980) and
in Paget’s disease of bone (Ashton and Smith 1980). Other
functions proposed for o, HS include DNA-binding (Lewis
and André 1978) opsonic properties (van Oss et al. 1974)
and enhancement of phagocytosis (Lewis and André 1981).
The lack of similarity in these proposed functions for o, HS
and fetuin may simply be a reflection of the fact that there
has been no previous attempt to compare them. The striking
distribution of fetuin in Artiodactyla, such as sheep and
o,HS in human in the very early cortical plate suggests
that these closely related glycoproteins may be of some
special significance in the development of the cortical plate
and initial connections with other brain regions. The wide-
spread distribution of these glycoproteins in other develop-
ing tissues suggests that they may also play a more general
role.
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