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This paper describes for the first time the separate steps of binding, internalization, and degradation of lipoproteins by cultured mesenchymal cells and details the methods used to
study the metabolic fate of various classes of
lipoproteins after their interaction with cells.
[The Sd® indicates that this paper has been
cited in over 550 publications.l
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The experiments described in this paper
were performed during my sabbatical year as
a Guggenheim Fellow in the laboratory of Olga
and Yechezkiel Stein at Hadassah University
Hospital in Jerusalem. I learned the then newly
developed technique of culturing primate
aortic smooth muscle cells at the University
of Washington prior to my departure and set
up the method in the Stems’ laboratory. We
decided on testing the uptake and metabolism
of lipoproteins by aortic cells using a rat model
system, because of the long experience in that
lab working with radiolabeled rat lipoproteins.
The initial idea was to measure iodinated Iipoprotein uptake and metabolism after their
incubation with a cultured cell layer, washing
and then trypsinizing the cells to release them
from the dish. I can recall the initial excite-

ment of seeing a surge of released radioactivity
upon trypsinization indicating that lipoproteins
were being released from the cell surface, sep..
arate from those being internalized. We now
had a method for assessing lipoprotein cell surface binding, a method that subsequently was
further developed using dextran or heparin in
1
j.L. Goldstein and M.S. Brown’s laboratory
and formed part of the methodology used in
their Nobel Prize-winning discovery of the low
density lipoprotein (LDL) receptor.
Another aspect of assessment of lipoprotein
interaction with cells was the development of
a technique to measure lipoprotein protein
degradation to trichloracetic acid (TCA) soluble fragments free of iodide, which might have
been produced by simple deiodination of the
apoprotein without degradation. This involved
a technique based on a two.phase partitioning
of iodine into a chloroform layer after iodide
oxidation with H O~,suggested by previous
2
work done in the Stems’
laboratory. This method has become widelyused as a standard technique by many investigators
2 studying lipoprotein degradation by cells and may be partly
responsible for the frequent citation of this
paper.
These early studies also were the first to describe the process of “reverse endocytosis” of
lipoproteins by cells and formed the basis of
subsequent
studies of retroendocytosis of
34
LDLs. ’ They also formed the basis of many
of the studies in our two laboratories during
the past 15 years on the many pathobiological
influences affecting the metabolism of a
variety
5 of lipoproteins by cultured arterial
cells. .’ It is interesting
7 that the work in my
first Citation Classic was performed during
my first year of research training, and the work
in this, my second Citation Classic, was per.
formed during a year of “retraining.” It must
be time for another sabbatical.
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