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Abstract. The aim of the present study was to establish a stable cell line useful for the 
study of growth and differentiation of human fetal liver cells. We have established an 
Immortalized human fetal llver cell line (designated NFVT) by transfectlon wlth simian 
virus 40 (SV40) large T antigen, without any culture crisis. The cells showed growth 
properties similar to normal cells, Including densltydependent cell growth. Electron 
microscopy demonstrated liver-specific differentlated morphological properties. 
Moreover, positive albumin and cytokeratin 7 production was detected Immunologi- 
cally. Thus, the NFL/T cell llne is less transformed than the other fetal liver cell lines 
established by thls method, and might be useful to study the growth and differentia- 
tion of human fetal liver cells. [P.S.E.B.M. 1995, Vol2091 

he differentiation mechanism as well as the reg- 
ulation of proliferation of human fetal liver ep- T ithelial cells is of particular interest. It has been 

postulated that both hepatocytes and biliary cells are 
differentiated from a uniform population of epithelial 
progenitor cells (l), for review see (24) .  Immunohis- 
tochemical studies have indicated that gradual pheno- 
typic shift towards differentiated hepatocytes or bili- 
ary cells occurs during embryonic development (5-7). 

Recently, various normal human cells have been 
immortalized by transfection with a plasmid vector 
carrying a simian virus 40 large T-antigen (SV4OTAg) 
gene (8-14). However, human fetal liver cell lines 
which show evidence of differentiation, such as albu- 
min expression, have not been established, although 
"stem cell"-like human fetal liver cell lines have been 
reported (14). 

' To whom requests for reprints should be addressed at Department of Ob- 
stetrics and Gynecology, Nagoya University School of Medicine, 65 Tsuru- 
maicho, Showa-ku, Nagoya 466, Japan. 

Received July 26, 1994. [P.S.E.B.M. 1995, Vol2091 
Accepted January 30, 1995. 

Oo37-9727/95/2W3-025 1$10.50/0 
Copyright 0 1995 by the Society for Experimental Biology and Medicine 

In this report, we describe the establishment of a 
new cell line, NFLR, from human fetal liver after 
transfection with SV40TAg. The cells were not onco- 
genic and expressed some of the differentiated pheno- 
types. This NFLR cell line would be useful for study- 
ing growth and differentiation of human liver cells in 
the fetal period. 

Materials and Methods 
Cell Culture and Transfection. Liver tissue (left 

lobe) was obtained from a normal female fetus aborted 
at the 18th week. Abortion was performed as medi- 
cally indicated in the Nagoya University Hospital and 
informed consent was obtained beforehand. Cells 
were isolated by collagenase digestion of liver frag- 
ments and low speed centrifugation, and were cultured 
as a monolayer in collagen type I-coated plastic dishes 
as previously described (15). The cells were trans- 
fected by calcium-phosphate precipitation with 6 mg of 
the pMK16-SV40(ori-) plasmid (16) (provided by Dr. 
T. Kunisada, Kumamoto University School of Medi- 
cine, Japan) for approximately 10,000 cells in a 60-mm 
dish. Incubation lasted 12 hr at 37°C in 2 ml of trans- 
fection medium. The resultant cell line, NFL/T, was 
cultured in collagen type I-coated dishes using Eagle's 
minimal essential medium (MEM) supplemented with 
10% fetal bovine serum (FBS). The medium was re- 
placed every 3 days. 
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Electron Microscopy. Pelletted cells were first 
fixed in 2% paraformaldehyde and 2.5% glutaralde- 
hyde in 0.1 M phosphate buffer (pH 7.4) at 4°C for 2 
days. They were postfixed with 1% osmium tetroxide, 
dehydrated and embedded in resin. Ultrathin sections 
were electron-stained and observed with a Hitachi 
H-800 electron microscope. 

Cell Growth Assay and Proliferation Analysis. 
For cell growth assay, 4.0 x lo5 cells and 1.6 x lo4 

cells were plated in 60-mm plastic culture dishes 
coated with collagen type I-dishes. Cells were counted 
using a hemocytometer. 

DNA synthesis,  measured by 5-bromo-2’- 
deoxyuridine (BrdU) incorporation, was detected im- 
munocytochemically with Amersham’s cell prolifera- 
tion kit (Amersham, Buckinghamshire, United King- 
dom). Briefly, cells on a glass coverslip were 
incubated for 24 hr at 37°C with labeling medium, 
which was prepared by diluting BrdU labeling reagent 
(RPN201) at 1:1,000 with MEM/lO% FBS. The cells 
were then fixed in acid-ethanol solution (95% ethanol, 
5% acetic acid). After the cells were incubated with 
anti-BrdU monoclonal antibody, the bound antibody 
was detected using peroxidase conjugated antibody to 
mouse immunoglobulin and polymerizing diaminoben- 
zidine (DAB) in the presence of cobalt and nickel, giv- 
ing blue-black staining at BrdU incorporated nuclei. 

Tumorigenicity. Athymic nude mice (BALBlc 
nulnu) were injected subcutaneously with 200 r~.l of a 
cell suspension (containing approximately 6 x lo5 
cells) at each of two injection sites in the subscapular 
region. Animals were monitored over a 10-month pe- 
riod for tumor formation at Institute for Laboratory 
Animal Research, Nagoya University School of 
Medicine. 

Indirect Immunofluorescence. Cells were 
grown on Chamber-Tek chamber slides (Miles, Naper- 
ville, IL) and fixed in absolute ethanol. They were 
incubated with mouse monoclonal antibodies to the 
following proteins: large T antigen (Oncogene Science, 
Manhasset, NY); human cytokeratin 7 (Cymbus Bio- 
science, Southamption Hampshire, United Kingdom); 
human cytokeratins 8, 18, and 19 (Cymbus Bio- 
science); human vimentin (Zymed Laboratories, 
South San Francisco, CA); and human a-fetoprotein 
(Zymed Laboratories). Rabbit immunoglobulins 
against human von Willebrand factor VIII (Nordic Im- 
munological Laboratories, Capistrano Beach, CA), 
human albumin (Protogen AG, Laufelfingen, Switzer- 
land), and human fibrinogen (Zymed Laboratories) 
were also used. The cells were then incubated with 
biotinylated goat anti-mouse or anti-rabbit IgG (Life 
Technologies, Gaithersburg, MD), followed by fluo- 
rescein-conjugated s treptoavidin (Amersham) . 

Extraction of Cells and Western Blot Analysis. 
Cells were harvested and lysed with 0.5 ml extraction 

buffer (1% Triton X100, 100 mM Tris-HCl, pH 8.0,O. 1 
M NaC1). After centrifugation, aliquots of the super- 
natants were taken for determination of protein con- 
tent by the method of Bradford (17), and the soluble 
proteins were used for Western blot analysis. 

Western blot analysis was performed by electro- 
phoretic transfer to nitrocellulose sheets (18) after 
SDS-PAGE (19). The sheets were incubated with 
mouse monoclonal antibodies to large T antigen and 
human a-fetoprotein as well as rabbit immunoglobu- 
lins against human albumin and human fibrinogen. Im- 
munoreactive proteins were stained using an ABC kit 
(Vectastatin; Vector Laboratories, Burlingame, CA) 
as previously described (20). 

Chromosomal Analysis. Karyotypic analysis by 
Giemsa banding (21) was carried out at the Life Infor- 
mation Analysis Center (LIAC; Komaki, Japan). Ex- 
act chromosome counts of 50 metaphases were made 
for ploidy determination. 

Results 

Establishment and Culture Characteristics of 
an NFVT Cell Line. Hepatocytic cell lineage is pre- 
served more than other cell types in our isolation and 
culture conditions (15). Cells were transfected with 
SV40(ori-) DNA. One week after the transfection, 
only one expanding colony was observed. NFL/T cells 
have undergone up to 200 population doublings (PDs) 
without any culture crisis. 

NFL/T cells grown as a monolayer on the colla- 
gen-coated dishes typically showed a cobblestone ap- 
pearance at confluent stages (Fig. 1). Each cell in- 
cluded an ovoid nucleus with prominent nucleoli. 
Large Golgi area and many mitochondria, as well as 
lipid droplets, were seen in the cytoplasm (Fig. 2). 

Growth Properties and Tumorigenicity. Figure 
3 shows growth curves from cell populations at high 
and low densities. When cells were plated at high den- 
sity, exponential cell growth was seen from Day 1 to 
Day 2. On the other hand, exponential cell growth was 
from Day 2 to Day 4 in the low-density population. 
Cell number reached plateau level on Day 4 regardless 

Flgure 1. Phase-contrast microscopy of human fetal liver (NFU 
T) cells. Bar: 10 pm. 
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Figure 2. Electron microscopy of an N F W  cell. Lipid droplets 
(arrowheads) are seen in the cytoplasm. N = nucleus, G = Golgi 
area. Bar: 1 pm. 
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Figure 3. Density-dependent cell growth of NFLR cells. Colla- 
gen type I-coated dishes (60 mm) were seeded with 4.0 x lo5 
cells (0) or 1.6 x lo4 cells (e). Cells were counted using a 
hemocytometer. 

of the initial density. We hypothesized this could be 
explained by cell-cell interaction. 

Accordingly, cells were labeled with BrdU for 24 
hr in various conditions. When cells were plated at 
high density, 100% of the cells incorporated BrdU 
from Day 1 to Day 2 (Fig. 4A). Low density cultures, 
allowed to reach this same density (4 days of culture), 
did not show 100% BrdU incorporation (Fig. 4B). 
Rather, BrdU was not incorporated by the cells in the 
center of the colony over a 24-hr period. 

NFL/T cells (70 PDs) did not produce any tumors 
in six athymic nude mice over a period of 10 months. 

Expression of SV40 T Ag. Indirect immunofluo- 
rescence showed anti-SV40TAg nuclear labeling in all 

Figure 4. Light micrographs of proliferating cells. Cells were 
plated at 4.2 x lo4 cells/cm2 (A) or 1.7 x lo3 cells/cm2 (B). From 
Day 1 (A) or Day 4 (B), cells were incubated with BrdU for 24 hr. 
Incorporated BrdU was detected with peroxidase-labeled anti- 
body technique. Cells were counter-stained with eosin. Bar: 
20 pm. 

NFLR cells (Fig. 5A). Immunoblot analysis demon- 
strated the presence of SV4OTAg protein with a mo- 
lecular weight of 98 kd within the cell (Fig. 6, Lane 1). 

Phenotype Character izatbn Using Anti bodies. 
Albumin was detected in NFLR cells by Western 

blot analysis (Fig. 6, Lane 2), while fibrinogen (Fig. 6, 
Lane 5) and a-fetoprotein (Fig. 6, Lane 3) were not 
detected. NFL/T cells showed positive immunofluo- 
rescence against monoclonal antibodies to cytokeratin 
7 (CK 7) (Fig. 5B) and vimentin (Fig. 5C). Monoclonal 
antibody to CKs 8, 18, and 19 produced weak staining 
as intermediate filaments (data not shown). The cells 
did not immunoreact with polyclonal antibody to von 
Willebrand factor, a characteristic marker of endothe- 
lial cells (data not shown). 

Chromosome Analysis. All the cells examined 
were hypo-tetraploid with apparent random trisomies 
(Fig. 7). Structural aberrations such as translocation 
and deletion (8-13) were not detected. The Y chromo- 
some was not observed in any of 50 examined 
metaphases. These observations are consistent with 
autoptical findings. 

Discussion 
An immortalized cell line, NFL/T, was established 

after transfection of human fetal liver cells with a plas- 
mid carrying SV40TAg. SV40TAg transfection is a 
promising technique for establishing a normal cell-like 
cell line and has been known to block the differentia- 
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Figure 6. lmmunoblot analysis after 10% (A) or 7.5% (B) SDS- 
PAGE. Each lane was loaded with 20 p.1 of the extract from 8 x 
lo5 cells (Lane 1-3 and 5) or 100 ng of standard a-fetoprotein 
(Lane 4). lmmunoreactive proteins were stained using an ABC 
kit with antibody to large T antigen (Lane l ) ,  albumin (Lane 2), 
a-fetoprotein (Lane 3 and 4), or fibrinogen (Lane 5). 

Figure 5. lmmunofluorescent staining of SV40TAg (A), cytoker- 
atin 7 (B), and vimentin (C). Bar: 10 p,m. 

tion process (22). However, altered growth control 
may be accompanied with an extended life span. The 
NFL/T showed normal cell-like growth more clearly 
than any other cell lines established in this method. 
The density-dependent proliferation of the NFL/T is 
comparable to the growth pattern of hepatocytes in 
primary cultures (23). Moreover, we studied “cell- 
cell” interaction (contact inhibition) of cell prolifera- 
tion, shown by the loss of BrdU incorporation. These 
results may demonstrate the general growth character- 
istics of the liver, an organ which does not show con- 
tinual self-renewal like skin and intestinal epithelia (4). 

Morphologic features of NFL/T cells include some 
differentiated properties of hepatocytes, such as many 
mitochondria. Data from chromosomal analysis indi- 
cate NFL/T cells originated from a tetraploid cell. 
Since it is usually known that tetraploid cells are com- 
mon in adult liver and the ploidy level increases after 
birth, our present data show that NFL/T contrast with 
the characteristic of fetal liver. However Heifer et al. 
showed that immortalized human adult cell line with 
transfection SV40TAg has diploid cells (24). 

Positive immunoreactivity with albumin and cyto- 
keratin 7 (CK 7) also suggests the differentiation of 
NFL/T cells. On the other hand, our data could not 
show the production of a-fetoprotein, a marker of fetal 
or abnormal liver, whose expression is known to pre- 
cede albumin expression in the development of the 
fetal liver in rat (25). It is difficult to interpret the re- 
sults of liver-specific protein expression from a clonal 
liver cell line. Van Eyken et al. (5) reported precise 
data of cytokeratin expression pattern in 56 human 
liver specimens from 6 weeks gestation to the 8th post- 
natal month: CK 7, which is expressed only in differ- 
entiated bile ducts, is negative until 20 weeks gesta- 
tion, and only weakly positive until 1 month postna- 
tally. Interestingly, NFL/T, which originated from a 
human fetus at the 18th week, displayed strong stain- 
ing for CK 7. Our data also show strong staining for 
vimentin, which is typical for mesenchymal elements. 
However, previous reports (2628) suggest it could be 
induced during the culture of liver epithelial cells. Our 
NFL/T cell line might be a pluripotential: it is impor- 
tant to clarify whether NFL/T cells are uncommitted 
cells, hepatocytes or bile duct epithelial cells (29). En- 
zyme activities clearly associated with hepatocytes 
might show cogent evidence for this cell line. 

In summary, we have established an immortalized 
human fetal liver cell line by SV40TAg transfection. 
This cell line, NFL/T, showed normal cell-like growth 
properties and some differentiated phenotypes. Al- 
though further characterization is still needed such as 
the expression of a-fetoprotein, the NFL/T cell line 
might be promising for studying questions in develop- 
mental biology, oncology, hepatology , and perinatal 
medicine. 
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Figure 7. Chromosomal analysis of NFUT cells (90 PDs). (A) 
Distribution of chromosome number. (B) G-banded karyotype 
with 84 chromosomes. 
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