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These two papers describe reliable and practical 
methods for initiating and maintaining in long-term 
culture epithelial-like cell lines from either newborn 
or adult rat liver. Fe SC/@ indicates that these 
papers have been cited in more than 190 and 150 
publications, respectively.] 
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When I joined the laboratory of Elizabeth K. 
and John H. Weisburger at the National Can- 
cer Institute in 1969, I was asked to take over 
some ongoing work culturing liver cells. The 
purpose was to develop an in vitro system for 
screening carcinogsns. I quickly found out 
that fibroblasts dominated cultures initiated 
from nswborn rat liver. At a seminar on immu- 
nology, I learned of a tschniqueforseparating 
lymphocytes from macrophages. I applied this 
to liver isolates and was able to enrich “epi- 
thellal-like” cells that did not attach as avidly 
as flbroblasts. Based on John’s question to 
me, “What do you think liver cells would like 
to sat?,” I formulated a new medium-fule- 
dium D. I designed this for functional epithe- 
lial cells and, with some additional refine- 
ments, developed a reproducible method and 
published it in the 1971 paper. 

a. PA1 I 
wondered if this could bs a consequence of the 
fact that the lines were derived from newborn 
liver. As described in a previous Citation Classic 
paper,2 I was introduced to perfusion of adult 
liver by Richard Hanson. Working with oneof his 
associates, J. Martyn Gunn, wa modified the 
procedures of Per 0. Seglen’ for liver dissocia- 
tion to prepare adult hepatocytes for culture. 
Still interested in the nutritional requirements 
for culture of differentiated epithelisl cells, I 
modified Medium D to yield Medium E, which 
remains in use today. The 1974 paper dsscribes 
initiation from adult liver of primary monolayer 
cultures of hepatocytes, from which proliferat- 
ing cell lines of “epithelial-like” cells were de 
rived. I continued to work on the conditions 
suitablefor primary cultures, togetherwith Brian 
A. Laishes of Emanuel Farber’s laboratory. The 
primary cultures of freshly isolated nonprolif- 
erating hepatocytesfinallyachievedtheoriginal 
goal of a screening test for carcinogens through 
measurement of chemical-induced DNA repair, 
as described in another Cltstion Classic paper.4 

Returning to the subject of proliferating cell 
lines, the lines derived from adult liver appeared 
the same as those from newborn. In a further 
study at the Amsrican Health Foundation, we 
devised a procedure, together with Kaxunori 
Furukawa, a visiting scientist from Sspporo 
Medical College, to enrich the clonogsnic cells 
from adult liver that gave rise to the cell lines.5 I 
suspect that the clonogenic cells may bs a kind 
of facultative stem cell present in both newborn 
and adult liver. Even now, the definition of this 
ceil type has implications for the pathogenesis 
of experimental liver cancer. 

The cell lines, called TRL, for the lO-day-old 
rat liver, proved interesting for transformation 
studies,’ but never became a practical screen- 
ing system. I concluded that they were limited by 
a poor capacity to bioactlvate carcinogens, and 

These papers are usually cited because in- 
vestigators have made use of the methods for 
their specific research. Liver cell lines have 
been used for a variety of investigations, includ- 
ing the study of cellular physiologyb and cell-to- 
ceil communication.’ 
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