
INVITED COMMENTARY

Transport of 99mTc-MAG3 via Rat Renal
Organic Anion

The terms molecular imagingand
molecular biologyare being used in-
creasingly in modern medicine. This
reflects not so much a change in what
we do as it does a refinement in our
understanding and the conceptual ap-
proach to what we do. This advance-
ment is not restricted to medicine but
pervades our daily life. Our ability to
achieve finer and finer detail is re-
flected in a wide range of devices,
from the computers we use in our daily
work, which have become smaller,
faster, and more powerful, to those
things that occupy our leisure time.
Turning on a high-fidelity set at home
provides us with increasingly accurate
reproduction of sound as it was origi-
nally generated, through improving
technology and our ability to repro-
duce smaller and smaller bits of the
original.

The report by Shikano et al. (1) in this
issue of The Journal of Nuclear Medi-
cinedescribes a study using the organic
anion transporter 1 (OAT1) in Xenopus
laevis oocytes. This model of the iso-
lated transporter made it possible for
the investigators to study 99mTc-mer-
captoacetylglycylglycylglycine (MAG3)
transport by OAT1 and the in vitro inhi-
bition of its uptake by p-aminohippuric
acid (PAH), hippuran (OIH), probene-
cid, and other compounds. These data
help us to understand in greater clarity
how the kidney handles 99mTc-MAG3. It
is possible to obtain similar information
without isolation of the transporter, but
the experiments are much more compli-

cated and expensive since they usually
have to be performed in vivo and the
results are not as specific. The classic
text by Homer Smith, The Kidney:
Structure and Function in Health and
Disease(2), reviews many experiments
on intact organisms and humans. Al-
though the words transport, receptor,
and anion do not appear in the index,
hippurandoes. In a section on competi-
tion in tubular transport (page 202), Pro-
fessor Smith reports on how competition
between a variety of substances affects
their net excretion. He notes that the
authors of these studies interpreted their
results in terms of “competition for
available energy.” Early on it was recog-
nized that energy was expended to move
PAH into the cell and then into the urine.
The concept that there were specific
molecules (transporters) to achieve these
actions was an abstract thought at that
time.

Throughout the subsequent years,
numerous studies have been done on
intact animals and sometimes on hu-
mans in which compounds have been
infused simultaneously to determine
their interaction. In some situations,
the effect of an agent on renal function
was measured using a standard of mea-
surement such as PAH without any
means of identifying whether the in-
fused agent was affecting renal func-
tion per se or was affecting the trans-
port of PAH. So, too, has it been
difficult to differentiate the relative ef-
fects of renal transport and reabsorp-
tion and, except in a relatively crude
manner, to identity the portion of the
renal tubule involved in the excretion
of a compound. This lack of refine-
ment has sometimes fueled contro-
versy over how a particular compound
is handled by the kidney and, more
important, over the significance of
changes in its excretion. The isolation

and measurement of transport of com-
pounds and competition for transport
by specific kidney transporters in in
vitro models of the type used in this
study serve several important func-
tions. First, they help us to better un-
derstand how a specific compound is
excreted and, therefore, what it is we
are measuring when we use that com-
pound in studying the kidney. Also,
and perhaps equally or more impor-
tant, by having the transporter avail-
able to us it is possible to prospectively
construct compounds that are more
ideally suited to transport by that mol-
ecule and, therefore, that can poten-
tially provide us with more specific
and useful information about the com-
ponent of kidney function in question.

The story of how we arrived at the
state of knowledge that made the sub-
ject of this commentary possible is an
educational and instructive lesson.

Early studies as noted previously
were done on intact organisms or in
some cases on kidney slices or kidneys
that had been excised from an animal
and were perfused in vitro. In an article
on renal tubular transport, Cross and
Taggart (3) stated that “investigations
on the biochemical mechanisms in-
volved in active renal transport are dif-
ficult to approach with the various ex-
perimental techniques now available.”
The step forward at that time, which
was reported in that study, was the use
of rabbit kidney slices contained in a
Warburg apparatus. The authors were
able to show that slices of rabbit kid-
ney cortex could accumulate PAH
against a concentration gradient. They
also showed the stimulatory effect of
acetate on PAH transport.

Subsequently, innumerable studies
of PAH transport were performed on a
wide variety of biologic models.
Moller and Sheikh (4) reviewed the
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progress as of 1983 in their article on
renal organic anion transport. It is in-
teresting that this extensive review in-
cluded in its introduction a discussion
of the medical and physiologic impor-
tance of renal organic anion systems.
The authors noted that much of our
knowledge on the secretory function of
the kidney is based on its excretion of
foreign organic anions. They also
noted that “the primary function of the
renal organic anion secretory system
seems to be elimination of foreign
compounds that are only catabolized to
a limited extent and in high doses may
be regarded as toxic to the body.” Par-
adoxically, the authors noted that this
system, which is thought to have
evolved for protection, can also turn on
itself as in the case of cephalospori-
dine. Nephrotoxicity is correlated with
the intracellular accumulation of that
compound in the kidney. In their sec-
tion on medical importance, the au-
thors made note of OIH scintigraphy,
indicating that in studying patients
with renal failure or after transplanta-
tion, it is assumed that intracellular
accumulation of organic anions is de-
pendent on optimal functioning of the
kidney. That view has prevailed
throughout the years among practitio-
ners who use nuclear medicine to study
the kidney, with a strong emphasis on
OIH even in the face of most nephrolo-
gists’ dependence on glomerular filtra-
tion as a marker for changes in renal
function.

Numerous other reviews have ap-
peared. In 1993, Pritchard and Miller
(5) linked mechanisms mediating renal
secretion of organic anions and cations
and noted that many of the transport
systems in the kidney are shared with
the liver. This has been a repeated ob-
servation in nuclear medicine for most
of the compounds used in studying re-
nal function. It is well recognized that,
in renal failure, hepatic uptake may
lead to erroneous interpretation of
many renal imaging studies. Although
these studies led to an increasingly so-
phisticated knowledge of renal trans-
port and of the factors that affect it,
highly specific and detailed informa-
tion still eluded us.

Contemporaneous studies continued
to be relatively crude both in nephrology
and in nuclear medicine. For instance, a
study from my laboratory examined the
biochemical and physiologic factors
affecting dimercaptosuccinic acid
(DMSA) uptake in the whole animal,
which led to some conclusions about
the probable mechanism of DMSA se-
cretion that continue to be of contro-
versy. Ongoing developments make
clear that we will soon see this contro-
versy resolved definitively (6).

At the time that nuclear medicine
took a giant leap forward in the eval-
uation of kidney function with the in-
troduction, by Fritzberg et al. (7), of
99mTc-MAG3 as a replacement for
OIH, our interpretation was still based
on macroscopic examination of the
whole organism. They observed the
high protein binding of 99mTc-MAG3.
Effects such as protein binding on ex-
cretion of a compound are important to
bear in mind because, even in the face
of the remarkable advances noted be-
low, they remain difficult to evaluate,
except in the intact organism. Fritzberg
et al. noted the “competition affinity of
[99mTc]MAG3 and OIH for the tubular
transport system.” They also noted he-
patic accumulation, but the exact
mechanism for excretion of 99mTc-
MAG3 was beyond their resources.

A major change in that situation oc-
curred with the April 1997 publication
of Sekine et al. (8) that was directed at
the expression, cloning, and character-
ization of a novel multispecific OAT.
Again, they noted that the stimulus for
isolation of this transporter was the
important role of OATs in the excre-
tion of foreign compounds. They re-
ported the cloning and characterization
of a novel multispecific OAT, OAT1.
They isolated a rat kidney cDNA en-
coding a 551 residue protein. The
transporter was expressed in Xenopus
laevisoocytes for study in a living cell.
They showed its ability to transport
PAH. The transporter was shown to be
nonspecific, acting on cyclic nucleo-
tides, prostaglandin, uric acid, antibi-
otics, nonsteroidal antiinflammatory
drugs, diuretics, antineoplastics, and
uricosurics. It was shown to be ex-

pressed at the basolateral membrane of
the proximal tubule. The authors
stated, “isolation of OAT1 will facili-
tate elucidation of the molecular basis
of drug kinetics and the development
of new drugs lacking unwanted side
effects.” In another report (9), Sekine
et al. noted the structural similarity to
organic cation transporters. Interest-
ingly, at meetings of the Society of
Nuclear Medicine, papers suggesting
the use of organic cations for studying
renal function have occasionally been
presented. The major organic anions
include cyclic nucleotides, prostaglan-
din, urate, dicarboxylates, and a wide
variety of other substances. OAT1 is
present in kidney, liver, brain, and pla-
centa. So, at that time, the PAH trans-
porter had been identified and was
named OAT1, suggesting that this
transporter on the basolateral portion
of the tubular membrane is responsible
for the initial uptake of PAH into the
cell. The transporter is sodium inde-
pendent. Numerous other transporters
have been described with similar no-
menclature, and they are characterized
by their preferential transporting of hy-
drophobic organic anions.

A few months later, Sweet et al.
performed similar experiments with
tritium-labeled PAH using OAT1 from
the rat kidney. In the introduction of
their report (10), the authors stated, “in
contrast to the physiology of the or-
ganic anion transport system, precise
information about the structural prop-
erties of the transport proteins that
make up this system are not yet avail-
able. However, considerable progress
has recently been made for a variety of
other transport proteins through the ap-
plication of expression cloning tech-
niques leading to increased under-
standing of the regulation of their
expression, identification of substrate
binding sites and a much more com-
plete appreciation of their mechanisms
of action.”

An apical membrane transporter
now has also been identified (11), giv-
ing us a more complete “microspec-
tive” on PAH transport as it moves
across the basolateral membrane into
the cell and then out into the urine.
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This study was accomplished by clon-
ing the human transporter and trans-
fecting it into cells for study. Nu-
merous studies and reviews have
subsequently appeared in the literature
about this subject (9,12–16).

This remarkable progress is perhaps
exemplified best in the titles of the
various papers cited, in which words
such as molecular cloning, molecular
physiology,and molecular character-
ization are now commonplace. This
discussion takes us full circle to the
article that is the subject of this com-
mentary. Although radiolabeled PAH
has been the substrate of favor in al-
most all studies of the transporter, the
current study looked at this transporter
from a nuclear medicine perspective
and showed that, indeed, the basolat-
eral membrane transporter OAT1 is
shared for PAH and for 99mTc-MAG3.
Does that mean the mechanism of tu-
bular handling is identical? Perhaps
and perhaps not. The apical transporter
also plays a role in moving the material
from the cell. We can conclude with
certainty now that 99mTc-MAG3 moves
into the cell through a common trans-
porter with PAH, although studies us-
ing intact animals had already given us
an inkling of that information, but not
so definitively. The effect of factors
such as PAH, pH, protein binding, and
diuresis on excretion of 99mTc-MAG3
and other compounds that investigate
kidney function can still be judged by
studying the intact animal (17).

So what does all this mean? In car-
rying out nuclear medicine procedures,

we are studying molecular processes.
The problem we face is defining the
exact nature of the process we are ob-
serving. Current advances in molecular
biology, with cloning techniques and
the ability to express individual pro-
teins that play a role in transporting
specific or nonspecific substrate, give
us great insight into how these com-
pounds are handled and a more in-
depth understanding of what it is that
we are measuring. Have we obviated
physiologic studies as well? At
present, probably not. The intact or-
ganism is such a complexity of pro-
cesses that no matter what we deter-
mine in vitro, surprises still lie ahead.
Think about the many designer drugs
that were based on preconceived no-
tions of their function from in vitro
models and that, when used in intact
organisms, failed. However, we now
have an effective means of studying
and evaluating a wide variety of bio-
logic processes. Molecular medicine
and molecular imaging are here to
stay. Let’s not bury physiology quite
yet.

M. Donald Blaufox, MD, PhD
Albert Einstein College of Medicine

Bronx, New York
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