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Production of Fetuin and Other Serum Proteins by Fetal Sheep 
Liver in vitro.* (32577) 
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Ilt is known that most serum proteins are 
produced by the liver( 1-8). In adullt animals 
the synthesis of albumin, Itransferrin, PIC, and 
several other u and P globulins by the liver 
is stimulated by infection( 2), endotoxin in- 
jection(3), partial hepateutomy(3), etc. Simi- 
ilar procedures also induce formation of C-re- 
active and C,-reactive protein(3,4) as well 
as of other acute phase proteins(2-8) by the 
liver. 

In most laboratory rodents, liver from 
nmborn animals, or from animals in the 
latter part of the gestation period, is much 
more adive in production of serum proteins 
than liver taken from normal adults(9). 
Since fetal animals of varying ages are more 
readily obtained from larger animals with 
long gwtation periods, a study of the devel- 
opment of serum protein synthesis in fetal 
liver and in lymphoid tissues was made in 
the lamb. Particular attention was given to 
the production of fetuin-an al-globulin pres- 
ent in fetal, but not in aduilt sheep sera- 
believed to be analogous to the fetuin de- 
scribed in fetal calf serum( lo). 

Materials and methods. Sheep embryos 
were obtained by Caesarian section from ran- 
dom-bred sheep of known gestation time ( 1 1 ). 
The n o m l  ovine gestation period is 150 
days. Weighed amounts of minced tissue from 
liver, lymph node, spleen and thymus were 
cultured for 48 hours at 37OC in roller tubes, 
as described previously( 12,2,3). A modified 
Eagle's culture medium was employed con- 
taining 1 pc per ml of each of two uniformly 
labeled amino acids ( C14-lysine and C14-iso- 
leucine, 100 to 200 pc/mlMol) and 0.5% 
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ovalbumin( 12,2,3). Both amino acids are 
known to be present in bovine fetuin( 13). 

After the incubation period, tissue culture 
fluids containing labeled serum proteins were 
dialyzed, lpphilized, and reconstituted to 
1/15 their original volume. Laibeling of serum 
proteins was detected by means of autoradi- 
ography of immunoelectrcphoretic (IE) pat- 
terns(12,2,3). Carrier IE patterns were pre- 
pared using adult or fetal sheep serum as 
the antigen and rabbit antisera to whole 
sheep serum, as well as specific rabbit anti- 
sera to sheep fetuin and sheep complement 
(C') . The antiserum to sheep fetuin was pre- 
pared by absorption of an antiserum to fetal 
sheep serum with adult sheep serum. Anti- 
sheep C' was prepared as described previously 
for antisera to mouse and rat C'( 14). The 
antiserum primarily precipitated 2 /? globu- 
lins, one of which appeared to be analogous 
to human PlC and the other to PIE glabulin 
in their I E  behavior upon hydrazine treat- 
ment and absorption by antigen-antibody 
complexes of fresh sheep serum. These pro- 
teins have therefore (been provisionally desig- 
nated P I C  and PIE (Fig. 1B). Translferrin 
was identified by means of its ability to bind 
Fe59Cl3 ( 15). Results abtained on synthesis 
of immunoglobulins by lymphoid tissues of 
these and other fetal sheep have been reported 
in a previous publication ( 1 1 ) . 

Results and discussion. The results of 
analyses of autoradiqpphs prepared from 
I E  slides with similar carrier patterns and 
different cuncentrated culture fluids are given 
in Table T. The intensities of the autoradio- 
graphic images were graded, and the ranges 
given in the table. I t  can be seen that fetuin 
production occurred in the liver, and further 
that it was much dronger during the first 
half of the gestation period than during the 
second (Fig. 1A). Production of albumin 
and transferrin was high until day 120, but 
very low in livers from older fetuses (Fig. 
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1C). None of these 3 proteins was synthe- 
sized by lymphoid tissue. 

FIG. 1. Autoradiographs (.4R) of immumelectm- 
phoretic (IE) \patterns prepared with culture fluids 
from fetd sheep hers taken at  various days cd the 
gestation period. A. The carrier patterns used with 
bhe cultures were prepared from fetal sheep serum 
(FSS) with a rabbit antiserum specilfic for fetuin. 2 
different IE ,patterns are represented: when cd- 
twe fluid from a liver taken at  the 46th day (CF 
466) was used, i t  evidently contained SO much 
fetuin that i t  dtered the appearance of the precipi- 
tation arc. C u h r e  fluids from livens taken lder 
in the gestation period (CP 134d) did not change 
the precipitin arc made with the cmrier serum alone. 
Note that ‘the autoradiographs also show a change 
in appearance and labeling intensity of the f&in 
arc depending on the amount of fetuin present H 
and produced by the liver culture. .4t 134 days the 
fetuin production was m longer detectable. 
B. Carrier patjterns used with the cultures were 
prepared from fresh adult Qeep serum (NSS) and 
hydrazine-treated sheep serum (HSS) with a rabbit 
anti-sheep C’. Note the faster mobility of ithe p1c in 
the hydrazine-ltmted seruan and the changed ap- 
pearance in the PIS line (more in antibody excess). 
W n g  of these 2 proteins was much more evi- 
dent at 56 and 1 2 1  days than earlier or later in the 
gestation period. 
C. The carrier patterns used with the culture were 
prepawl from adult sheep Serum with a rabbit 
mti-whole sheep serum (bottom). Note that the 
la~beling 04 albumin and transferrin is strongex with 
liver .taken at  the 46th to 121st day than with 
liver hken at the 134th day. 

Synthesis of the proteins designaked Plc 
and PIE globulin (presumably representing 
C’3 ( 16) and Cf4( 17) ) , however, occurred 
both in liver and lymphoid tissue, as has 
been s h m  in d l  species studied thus far 
( 2,9,18 ) . The possibility that macrophages 
in lymphoid tissues are respnsilble for pro- 
duction of these proteins has ;been discussed 
extensively in other publications( 19,210). The 
liver appeared more active in the synthesis 
of both these complement proteins during an 
intermediate gestation period than i t  did at 
early or late gestation times (Fig. 1B). This 
appears analogous to what was found to occur 
in mice and guinea pigs where a high albu- 
min produdion preceded formation of sig- 
nificant amounts of PIC, and production of 
all serum proteins by the liver considerably 
decreased during the first month after birth 
(9). Clear-cut variations with age were not 
found for and PIE production by lymph- 
oid tissue. Overall hemolytic complement ac- 
tivity is lacking in fetal sheep sera(21). 
Borsos (personal communication) has found 
that, in particular, C’4 activity is absent 
throughout the gestation period. The kech- 
nique used for C’4 titration ( 22) is extremely 
sensitive, probably more sensitive thian the 
one used here to demonstrate labeling. 
Thus, it seems possible thak the designakion 
PIE (C’4) for the protein demonstration by 
the anti-C’ serum is erroneous. Other rea- 
sons for the discrepancy could be the pres- 
ence of a C’4 inhibitor in fetal lamb sera, or 
the production of a hemolytically inactive 
serum protein with similar electrophmetic and 
antigenic properties as the active comple- 
ment component. It should also be realized 
that labeling of the P I E  protein could pos- 
sibly be caused by production of a protein 
complexing with PIE rather than by p d u c -  
tion of P I E  itself. 

It should be noted that in the present 
studies, lymphoid tissues were not examined 
befare the 88th day and liver not ;before the 
31st gestation day (Table I) so that the 
earliest day of detectable serum protein pro- 
duction by these tissues was not established. 
Immunoglobulin production by these tissues 
was also studied. Litbeling of these proteins 
was seen in many of the lymph node and 
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TABLE I. Serum Protein Production in vitro by Various Tisauea from Fetal Sheep. 

Protein synthesized* Fetalage No.of 1 

Tissue (days) animals Fetuin Albumin Tramfenin &a b t  
-~~~ ~~~~ ~ ~~ ~~~ ~ ~ 

Liver 31- 55 4 ++ ++ ++ w + t o +  -tow+ 
56- 62 3 ++ + + t o + + +  ++to+++ ++to+++ w + h +  

10!&121 2 + + + t o + + +  + + t o + + +  ++to+++ +b++ 
133-134 3 - t o w +  -trow+ - t o w +  - tow+ - tow+ 

w + h + +  W + h +  Lymphnode 88-149 9 - - - 
Thymus 136-149 3 - - 
Spleen 90-149 6 - - - w + t o +  -t.Qw+ 

- w+ w+ 

* Intensities of autonadiographic images were graded from - to +++. 
t This protein was designated pIE because of its similarity in  immunoelectrophoretie patterns to hu- 

man &. It was shown particularly well by the anti-C' antiserum, and was partially remved from fresh 
serum by absorption with antigen-antibody complexes. 

spleen cultures, particularly in lymphoid tis- 
sue taken from immunized fetal lambs(ll) ,  
but was never observed in liver or thymus 
cultures. 

The general decrease in serum protein syn- 
thesis by the liver apparently occurs before 
birth in the sheep and after birth in rodents 
(9). I t  will be interesting in this respect 
to determine at  which time, in relation to 
birth, production of the recently described 
fetal rat serum protein (23) discontinues. A 
recent study(24), employing a metrhod simi- 
lar to the one used here to determine where 
human and rat a-feto proteins are produced, 
also implicates the fetal liver-among a vari- 
ety of organs studied-as their site of synthe- 
sis. In the rat the fetoprotein is apparently 
still produced by liver from 2-day-old aai- 
mals, but no further comparisons between 
livers from different age groups were made. 
Synthesis of rat fetoprotein was also shown 
in the yolk sac lining of the placenta(24). 
The very low or undeteatable fetuin p d u c -  
tion by fetal sheep liver around 2 0  days 
before birth agrees fairly well with the dis- 
appearance of this protein firom the circula- 
tion just before the end of the gestation 
period. 

Diminished production of fetuin, with con- 
tinued high production of other serum pro- 
teins, by livers taken on days 109 through 
121 may be caused by variations in the syn- 
thesizing activities of different cells within 
the liver. Another possibility is that aegu- 
lation at an intracellular level determines the 
production rates for various proteins by indi- 
vidual cells. The enhanced production of 

certain acute phase proteins by the liver of 
adult animals after stimulation with endo- 
toxin, turpentine, etc., may represent another 
example of the same phenomenon. Fluores- 
cent antibody studies(25) indicate that pro- 
duction of filbrinogen and allbumin in the 
liver uslrally occurs in different cells. The re- 
cent finding in this laboratory, however, that 
an established, cloned, rat hepatoma cell line 
(H4-II-Ec3) produces various Serum proteins 
in vitro(26) suggests production of more 
than 1 serum protein by the same paren- 
chymal liver cell. 

Summary. A study was made of the in- 
corporation of C1*-labeled amino acid into 
various serum proteins by fetal lamb tissues 
in vitro. The fetal liver was quite active in 
production of fetuin during the first halt of 
the gestation period, diminished in activity 
after this and barely showed any hbe1in.g 
of fetuin when taken during the last weeks 
before birth. Production of other serum pr+ 
teins by the liver was at its peak m u n d  
days 100-120, but also diminished towards 
the end of the gestation period. Lymphoid 
tissues did nat synthesize fetuin. 
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Since a large number of fetuses must be 
cleared and stained its part of the teratolgenic 
studies required for complete safety evalu- 
ation of new drugs, it became necessary to 
find a method in which these processes could 
be conducted and controlled automatically. 
Wlhile several convenient clearing and stain- 
ing techniques are presently available for 
the examination of fetuses(l,2,3) they are 
manud in their operation and are tedious 
and titme consuming. 

The Autotechnicon has (been utilized for 
the automatic processing and staining of tis- 
sues for many years; therefore, it was de- 
cided to adapt the method of Crary( 1) to 
this instrument. The resullts of this adapta- 
tion are rqmrted herein. 

Methods and materials. Rat and mouse 
fetuses, which are removed from the dam 
by Caesarian section, or newborn pups are 

put into the autopsy trays of the Autotech- 
nicon. These trays are fitted with removable 
dividers so t b t  each fetus is maintained 
and processed separately. Each tray can hold 
at least 6 mice or 4 rats. A paper Izbel 
containing the dam and fetus number is 
placed in each tray compartment with the 
fetus. This identifies the fetus so one may 
correlate skelebal anomalies with weight, 
length, or any other distinguishing charac- 
teristic of that particular offspring. 6 trays 
are placed in the Autotechnicon basket in 
such a fashion that one acts as a lid for 
another. 

The Autotechnicon beakers are arranged 
so that the baskets containing the fetuses or 
pups we  sequentially processed in the follow- 
ing slolu~tiom: a)  Acetone; b) 1% Potxishun 
Hydroxide; c) a solution of 6 mg alizarin red 
S stain per liter of distilled water; and d) 


