Progressive Nuclear Translocation

of Somatostatin Analogs

Conrad A. Hornick, Catherine T. Anthony, Susan Hughey, Bryan M. Gebhardt, Gregory D. Espenan,

and Eugene A. Woltering

Departments of Physiology, Pathology, Surgery, Ophthalmology, and Radiology, The Stanley S. Scott Cancer Center; Neuroscience
Center of Excellence, Louisiana State University Medical Center, New Orleans; and Veterans Administration Medical Center,

New Orleans, Louisiana

Optimal cancer radiotherapy using Auger electron emitters
requires selective localization of radionuclides in close proximity
to tumor DNA. Methods: Intracellular trafficking of
125|.Tyr-somatostatin-14 somatotropin-release inhibiting factor
(SRIF) and 2 of its analogs, '25I-WOC 4a and ""'In-pentetreotide,
was studied in human neuroblastoma cells. Results: After 24-h
incubation, SRIF was degraded or recycled, whereas its protease-
resistant analogs progressively accumulated in nuclear fractions.
"|n-pentetreotide binding to DNA increased over time in somato-
statin receptor—positive cells but not in somatostatin receptor—
negative cells. Conclusion: These in vitro studies show that
prolonged exposure to radiolabeled SRIF analogs significantly
increases their cellular internalization, nuclear translocation, and
DNA binding. Clinically, infusion of radiolabeled somatostatin
analogs may enhance tumor uptake and retention and provide
more effective in situ radiotherapy.
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The tetradecapeptide somatostatin initiates both antisecre-
tory and antiproliferative effects in a variety of tissue types.
Somatostatin binding to cells is mediated by 5 distinct
somatostatin receptor proteins (sst-1-5) (/). These receptors
are highly homologous and have in common a G-protein
mode of signal transduction (2). Earlier work, by Lamberts
et al. (3), showed a higher concentration of somatostatin
receptors on endocrine tumor cells than on normal cells.
Several nonendocrine malignancies have also been shown to
overexpress these receptors (4). Recently, protease-resistant
radiolabeled somatostatin analogs have been used as treat-
ment for somatostatin-expressing tumors (5-8). To optimize
the clinical potential of these ligands for in situ radiation
therapy, one must follow their intracellular movements. This
is important to determine their mechanisms of action and to
determine if modification of their intracellular destination
can prolong cellular retention time and optimize in situ
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radiotherapy. For Auger electron emitters such as I or
In, which produce low-energy, short-range radiation ef-
fects (<10 mm), to be effective antitumor agents, localiza-
tion within the nuclei in close proximity to cellular DNA is
necessary to obtain maximum cytotoxicity (9,10).

Earlier research has shown that the somatostatin receptor
complex can be internalized by receptor-mediated endocyto-
sis (11). Many peptide receptors, with or without attached
ligands, can return from endosomes to the plasma membrane
through a budding process that forms recycling vesicles or
retrosomes concomitant with acidification of the endosome
interior and a change in membrane lipid composition (12).
Although pathways from the endosomal compartment back
to the plasmalemma through retrosomes or on to lysosomal
degradation are found in many cell types, other intracellular
destinations for ligands entering cells by receptor-mediated
endocytosis have also been described. Traffic between
endosomes and the Golgi complex is well documented (13),
and transcytosis, or the movement of ligands in endocytic
vesicles from the plasmalemma to another cell surface, has
also been shown (/4). However, a pathway linking endo-
somes and the nucleus has never been elucidated.

Substantial evidence exists that both ligand composition
and receptor subtype are critical factors in the intracellular
routing and retention of somatostatin and its analogs. Roth et
al. (15) observed that of the 5 cloned somatostatin receptors
transfected into human embryonic kidney cells, only sst-1
through sst-3 were capable of promoting endocytosis of the
somatostatin receptor complex after binding of either native
sst-14 or sst-28. The sst-5 receptor entered cells only after
binding the octacosapeptide, whereas sst-4 remained at the
cell surface in the presence of both ligands. Studies by Nouel
et al. (16) using fluorescence confocal microscopy and the
stable somatostatin analog, (D-Trp8)-somatotropin-release
inhibiting factor (SRIF), have determined that the intracellu-
lar pathways followed by somatostatin receptor complexes
that have been taken up into cells transfected with sst-1 and
sst-2 were clearly distinct. In sst-1 transfected cells, the
receptor-ligand complex remained near the plasma mem-
brane after internalization. In sst-2 transfected cells, the
complex moved down the endocytic pathway to the nuclear
region. In contrast, using the stable cyclic hexapeptide
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somatostatin agonist '25I-BIM-23027, the sst-2 receptor—
ligand complex in Neuro2A cells has been shown to rapidly
recycle to the cell surface within 20 min after internalization
(17). The result is a relatively low intracellular concentration
of radioligand maintained as a balance between endo- and
exocytosis. Using stable CHO-K1 cells, Hukovic et al. (18)
found that radioligand internalization was most effective
with sst-3 and less effective with sst-5, -4 and -2, whereas
sst-1 showed no cellular internalization. Taken together,
these studies indicate that signal transduction pathways
regulating internalization may vary with both cell line and
receptor subtype. Thus, somatostatin receptors transfected
into various types of cells may not mimic the in vivo activity
of the native receptor.

In the studies presented here, we show that prolonged
exposure of the human neuroblastoma IMR-32 cell line
expressing native sst-2 to radiolabeled somatostatin analogs
leads to progressive accumulation of radioligand in the
nuclear compartment. Moreover, the gradual translocation
of radioligand from other intracellular sites to the nucleus is
paralleled by a dramatic rise in binding to DNA in somatosta-
tin-positive but not somatostatin-negative cells. These find-
ings support the intracellular movement of peptides from the
endocytic compartment into the nucleus. These findings also
imply that prolonged infusional therapy with stable radiola-
beled somatostatin analogs should promote intracellular
accumulation, increase cellular retention of radioligand, and
optimize energy transfer from Auger electron emitters to
tumor DNA.

MATERIALS AND METHODS

Cell Culture

IMR-32 cells (American Type Tissue Company, Bethesda, MD)
and SKNSH cells (M. Sue O’Dorisio, Ohio State University,
Columbus, OH) were maintained in growth medium consisting of
minimal essential medium with glutamine, supplemented with
nonessential amino acids, fetal bovine serum, antibiotics, and
antimycotics (GIBCO, Grand Island, NY). Growth medium was
replaced every 2-3 d. Cells were maintained at 37°C in a
humidified environment with 5% CO,. Both IMR-32 and SKNSH
are human neuroblastoma cells. IMR-32 possesses the sst-2
receptor, whereas SKNSH lacks somatostatin receptors (19).

Whole-Cell Binding Assay

Harvested cells were counted and added to sterile borosilicate
glass assay tubes (12 X 75 mm) at a concentration of 500,000 cells
per tube. Cells were prepared 1 d before initiation of the assay. To
initiate the assay, the growth medium was replaced with binding
buffer (minimal essential medium supplemented with 10 mmol/L
N-2-hydroxyethylpiperazine-N-2-ethanesulfonic acid and 0.1% bo-
vine serum albumin) containing radioligand (500,000 cpm) in 1 mL
(7 pmol/L '''In-pentetreotide:66 pmol/L 'ZI-WOC 4a). Parallel
incubations containing radioligand with an excess of nonradioac-
tive octreotide acetate (1 pmol/L) were included to determine
nonspecific binding. Incubations were prepared in triplicate with-
out (total) or with (nonspecific) 1 pmol/L octreotide acetate and
incubated for specified times at 37°C in a 5% CO, and 95% air
environment. With the exception of time required for determination
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of radioactivity in the vy counter, the cells were maintained at 4°C
throughout the rest of the experiment. To terminate the incubations,
the tubes were placed on ice, the incubation buffer was aspirated,
and the cells were rinsed twice with ice-cold Hank’s balanced salt
solution (HBSS; pH 7.6). The cells were transferred to a new tube,
and the bound radioactivity was determined using a vy counter
(model 5500; Beckman, Palo Alto, CA). The level of radioactivity
(cpm) averaged from triplicate tubes represented total cell binding.
The cells were centrifuged, the supernate was aspirated, and the
cells were incubated with HBSS, pH 4.0, for 10 min at 4°C. After a
rinse with HBSS, the level of radioactivity was again determined
using a y counter. This level represented intracellular binding.
Membrane binding was calculated as the difference between total
binding and intracellular binding. Specific binding (total, intracellu-
lar, and membrane) was calculated as the difference between
radioactive levels without versus with the 1 pmol/L unlabeled
octreotide acetate. All binding was corrected for the protein content
of the cells to negate the effect of cell proliferation over time.

Cell Culture for Drug Distribution Study

The cells used in experiments that investigated intracellular drug
distribution were grown in medium. Flasks containing IMR-32 or
SKNSH were incubated with radioligand (154 pmol/L 'ZI-SRIF-
14:7 pmol/L 'In-pentetreotide:66 pmol/L 'ZI-WOC 4a) for prede-
termined times and then harvested mechanically or with a 10-min
exposure to trypsin-ethylenediaminetetraacetic acid (EDTA)
(GIBCO) at 4°C. The cells were formed into pellets, washed twice
in serum-containing growth medium, and used in the assays.

Organelie Isolation

For isolation of various cellular organelles, the cells were
washed twice in ice-cold phosphate-buffered saline (PBS), resus-
pended in 4.5 mL 0.25 mol/L sucrose at 4°C, and passed 3 times
through a stainless steel ball bearing homogenizer to rupture cell
membranes. Isotonic Percoll (Sigma Chemical Co., St. Louis,
MO), at pH 7.2, containing density marker beads (Pharmacia,
Uppsala, Sweden) was added to the mixture to achieve a concentra-
tion of 0.292 (volume per volume). Centrifugation at 20,400 rpm
and 4°C, in a fixed-angle 40.2 rotor (Beckman), resulted in a
gradient that was clearly defined by the marker beads. The gradient
was then fractionated (Isco, Inc., Lincoln, NE) into aliquots of
approximately 250 uL. Gradient fractions were counted for radioac-
tivity in a <y counter.

Assays

The DNA content in each aliquot was assayed spectrophotomet-
rically at 260 nm using a 100-10 spectrophotometer (Hitachi
Medical Corporation of America, Twinsburg, OH) (20), and protein
was assayed with a Micro BCA protein assay kit (Pierce Chemical
Co., Rockford, IL). The 5’ nucleotidase assay used as an enzyme
marker for plasma membrane was performed according to the
method of Emmelot et al. (27). The N-acetyl-B-glucosaminidase
assay used as an enzyme marker for lysosomes was performed
according to the method of Findlay et al. (22)

Radiolabeling

MIn-pentetreotide (Mallinckrodt Medical, St. Louis, MO) was
labeled according to the manufacturer’s instructions. '>I-Tyr!-
SRIF-14 (New England Nuclear, Boston, MA) and 'ZI-WOC 4a
(David Coy, Tulane University, New Orleans, LA) were labeled,
purified, and tested according to published methods (23). The
specific activities of these peptides were 1721 MBg/mmol for
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TABLE 1
Specific Binding and Internalization of "'In-Pentetreotide by IMR-32 Cells Over Time

Parameter 1h 24h 48 h 72h
Total specific binding 4,109 + 686 45,569 * 2,105 50,105 + 2,276 43,498 *+ 4,373
Specific intracellular uptake 3,012 = 371 25,340 + 365 26,719 = 2,136 26,917 * 4,040
Membrane-specific binding 1,101 = 26 20,229 + 178 23,386 + 1,965 16,581 + 2,972

Specific binding represents difference in counts per minute in triplicate tubes incubated with or without thousandfold excess of octreotide for
times shown. Membrane counts were assessed by acid stripping cells (pH 4 X 10 min) after removal of nonspecifically bound label by 2 buffer

washes.

n-pentetreotide, 315 MBg/mmol for 'I-WOC 4a, and 81
MBg/mmol for 'ZI-Tyr!-SRIF-14 (23).

DNA Binding

IMR-32 (somatostatin-positive) or SKNSH (somatostatin-
negative) cells were incubated for various periods with 'ZI- or
In-labeled peptide either alone or with the radioligand and an
excess of cold competitor. Triplicate T-75 flasks containing cells
were mechanically harvested and washed 3 times in Dulbecco’s
PBS. DNA was extracted from both the cell lines using a genomic
preparation tissue DNA isolation kit (Pharmacia Biotech, Piscat-
away, NJ). DNA from each flask was treated with proteinase (Life
Technologies, Gaithersburg, MD) for 1 h at 37° C. DNA was then
precipitated again with 100% ethanol and 3 mol/L sodium acetate,
washed in cold ethanol, and redissolved in 10 mmol/L Tris-EDTA,
pH 7.4. DNA (100 pg) was transferred to counting vials, and the
radioactivity associated with each tube was measured in a 5500 y
counter.

RESULTS

Table 1 illustrates the progressive specific binding and
internalization of !!!In-pentetreotide in IMR-32 human neu-
roblastoma cells over time. In a typical binding time course,
approximately 10% of the administered activity is in the
total specifically bound fraction. In Figure 1, the gradient
density distributions of both DNA and protein from homog-
enized IMR-32 cells are plotted. These data show that the
cell nuclei are localized in the more dense regions of the
gradient. Protein peaks are widely distributed but occur
chiefly in both the lighter and the heavier portions of the
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FIGURE 1. Plot of gradient density distributions of both DNA
(@) and protein (M) from homogenized IMR-32 human neuroblas-
toma cells, with density distribution (A) over gradient.
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gradient. Figure 2 plots the gradient distributions of 5’
nucleotidase (21) and N-acetyl-B-glucosaminidase (22),
enzyme markers for the plasma membrane and lysosomes,
respectively. The enzyme distributions show that plasma
membrane is concentrated in the less dense fractions of the
gradient, whereas lysosomes are chiefly found in fractions
13 through 15 at higher gradient densities. Figures 3, 4, and
5 contrast the intracellular distribution over time of 'ZI-
labeled Tyr!-sst-14, '2I-labeled WOC 4a, and !'!'In-
pentetreotide, respectively. The distribution of labeled sst-14
shows a small initial buildup in both the plasma membrane
and nuclear lysosomal portions of the gradient during the
first hour (Fig. 3A), similar to earlier findings in pancreatic
acini and the pituitary gland (24,25). However, by 4 h (Fig.
3B) the greatest concentration remains in the low-density
organelles, and by 24 h (Fig. 3C), somatostatin concentra-
tions in the intracellular compartments overall are substan-
tially decreased and show no preferential distribution in
organelles. In contrast, the more degradation-resistant '>I-
WOC 4a and "'In-pentetreotide show an early aggregation
in low-density fractions at 1 h and appear concentrated
predominantly in the nuclear lysosomal portion of the
gradient by 24 h (Figs. 4 and 5).

To establish whether this progressive buildup in the
higher density range of the gradient represents collection in
lysosomes or nuclei, centrifugal precipitation of the nuclei
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FIGURE 2. Plot of enzyme markers N-acetyl-B-glucosamini-
dase (M) and 5' nucleotidase (®) after homogenization of
IMR-32 neuroblastoma cells, with density distribution (A) over
gradient.
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FIGURE 3. Plots of gradient density distributions over time of
125|.somatostatin in human IMR-32 cell homogenates after incu-
bation with ligand for either 1 (A), 4 (B), or 24 (C) h. Intracellular
distribution of radioligand over time can be inferred by compari-
son with Figures 1 and 2.

was assessed spectrophotometrically (20). Each of the
gradient figures has been selected as representative of
between 3 and 6 individual experiments with the exception
of experiments represented by Figure 6, which were per-
formed in duplicate. Figure 6 plots a typical experiment,
which included 24-h incubation with !ZI-WOC 4a; washing
and homogenization of IMR-32 cells (15); division of
homogenate into 2 equal portions, half of which was
centrifuged at an average gravity of 400g,, for 10 min to
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precipitate nuclei; combination of both fractions with Per-
coll to form a 29% Percoll-sucrose mixture; and centrifuga-
tion, fractionation, and counting in a 5500 -y counter). The
figure shows that approximately two thirds of the counts are
lost with precipitation of the nuclei. This finding is con-
firmed by the counts recovered in the nuclear pellet (691,742
cpm), compared with the total gradient counts (1,071,786
cpm); the precipitation of more than 93% of the DNA; and
the retention of more than 90% of the lysosomal enzyme
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FIGURE 4. Plots of gradient density distributions over time of
125|.WOC 4a in human IMR-32 cell homogenates after incubation
with ligand for either 1 (A), 4 (B), or 24 (C) h. Intracellular
distribution of radioligand over time can be inferred by compari-
son with Figures 1 and 2.

1259



A
""In-pentetreotide 1 hr.
3000 11
2500 . ‘o8
2000
. 1.06
1500 N a
1.04
1000
500 1.02
A
0 1
0 2 4 6 8 10 12 14 16 18
B """In-pentetreotide 4 hrs.
20000 11
a 108 =
15000 £
s 4 1os O
Q. 10000 a . %’
o 4 1.04 c
5000 102 a
0 1
0 2 4 6 8 10 12 14 16 18
11
1.08
1.08
1.04
1.02
1
0 2 4 6 8 10 12 14 16 18
Tube Number

FIGURE 5. Plots of gradient density distributions over time of
"M|n-pentetreotide in human IMR-32 cell homogenates after
incubation with ligand for either 1 (A), 4 (B), or 24 (C) h.
Intracellular distribution of radioligand over time can be inferred
by comparison with Figures 1 and 2.

marker in the supernatant. A 24-h incubation of !'''In-
pentetreotide and IMR-32 cells, both alone and with an
excess of unlabeled competitor (octreotide), followed by
homogenization and Percoll-sucrose gradient centrifugation
(Fig. 7), shows that competition for binding and cellular
uptake blocks the gradient distributions found in Figure 5.
Moreover, when radiolabeled pentetreotide is added to the
cellular homogenate immediately before gradient centrifuga-
tion, or to a Percoll-sucrose gradient with no cells present,
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FIGURE 6. Plot of distribution of label on gradients with nuclei
present (®) or absent (). Density distribution in gradients was
identical, as shown by marker beads (A). Difference between
plots represents nuclear localization of binding.

similar distributions of radiolabel are generated (Fig. 8).
This finding indicates that the density distributions in
Figures 3-5 require cellular uptake and intracellular trans-
port and are not an artifact of centrifugation or the result of
rebinding to the nuclear compartment of a label that had
previously undergone endocytosis.

In this study, we show a progressive intracellular and
nuclear accumulation of both iodine- and indium-labeled
somatostatin analogs (Figs. 4 and 5). These observations
show that the somatostatin analog rather than the radionu-
clide is the critical element required for internalization and
nuclear transport of these radioligands. For evaluation of
whether nuclear uptake was followed by interaction with
DNA, DNA was obtained from IMR-32 (sst-2—positive) and
SKNSH (sst-2-negative) cells after timed incubations with
n-pentetreotide. Figure 9 shows progressive DNA bind-
ing of "'In-pentetreotide in IMR-32 cells incubated with
radioligand alone and radioligand with an excess cold
competitor, as well as a progressive rise in the specifically
bound counts. In this analysis, triplicate flasks containing
IMR-32 cells were incubated from 30 min to 48 h with

012345678 910111213141516
TUBE NUMBER

FIGURE 7. Plot of intracellular distributions of label for 'In-
pentetreotide alone (B) or with unlabeled competitor (®) after
24-h incubation of '"'in-pentetreotide in presence or absence of
cold competitor (10-¢ mol/L octreotide), followed by homogeniza-
tion and fractionation of cells. Marker beads indicated gradient
density distribution (A).
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FIGURE 8. Plot of distribution of "'In-pentetreotide in sequen-
tial fractions from Percoll (Sigma)—sucrose gradients determined
in presence (®) or absence (M) of IMR-32 cellular homogenate.

M]n-pentetreotide in the presence or absence of 10~6 mol/L
octreotide, harvested, and washed 3 times in Dulbecco’s
PBS. DNA was extracted from cells using a genomic
preparation tissue DNA isolation kit. DNA from each flask
was treated with proteinase for 1 h at 37°C and then
precipitated again with 100% ethanol and 3 mol/L sodium
acetate, washed in cold ethanol, and redissolved in 10
mmol/L Tris-EDTA, pH 7.4. The concentration of DNA in
each sample was determined by spectrophotometry at 260
nm, 100 pg were transferred to counting vials, and the
radioactivity associated with each tube was measured in a -y
counter. Specific binding was calculated by subtracting label
found in DNA in the presence of competitor from that found
in DNA from cells incubated with label alone. Linear
regression of specifically bound counts in DNA revealed an
r of 0.967 and a P of 0.007, indicating a high degree of
correlation between time of incubation and specific incorpo-
ration of radioligand into DNA fraction.

Similar analyses were performed on DNA isolated from
somatostatin receptor-negative SKNSH cells. These cells
failed to show significant uptake of !''In-pentetreotide in
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(Decay Corrected)

30 60 180 1440 2880

Time (min.)

FIGURE 9. Plot of specific DNA binding (®) of "'In-pentetreo-
tide and binding in presence (V) or absence (M) of cold
competitor (10-¢ mol/L octreotide).
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their DNA fraction (Fig. 10). Both native somatostatin and
its octreotide analog inhibit signal transduction and cell
proliferation in IMR-32 cells after binding to a single class
of high-affinity receptor sites (dissociation constants, 0.16
nmol/L and 0.89 nmol/L, respectively). In contrast, these
compounds do not bind to SKNSH neuroblastoma cells, nor
do they alter signal transduction or proliferation (19). The
progressive rise in DNA-associated counts in somatostatin
receptor—positive cells parallels the nuclear accumulation
seen in Figure 3C.

DISCUSSION

Our data suggest that an additional destination for bud-
ding endosomal vesicles may be fusion with the nucleus.
Alternatively, some form of transmembrane transport can
enable somatostatin and its analogs to permeate the endo-
somal membrane, enter the cytoplasm, and either pass
through both nuclear membranes or acquire transport through
the nuclear pore complex. However, the mechanisms for
transport out of endosomes and into the nucleus as well as
possible intranuclear transduction events remain to be
characterized.

Classically, somatostatin and its analogs were believed to
bind to plasma membranes and to undergo limited internal-
ization (2%—5%) during a short (1- to 4-h) incubation.
Failure of Tyr'-SRIF-14 to progressively accumulate in the
nucleus may be caused by rapid deiodination by amino
peptidases or cleavage of the Tyr' residue. Studies using
125]-Tyr'!-SRIF are currently under way to determine if this
form of native somatostatin will be internalized and trans-
ported to the nucleus. Our current data indicate that stable
radiolabeled somatostatin analogs progressively accumulate
in cells during prolonged exposures. In our studies, up to
80% of total cell-associated label is in the internalized
fraction, and a large proportion of this radioactivity is
translocated to the nucleus and subsequently to the DNA.
Although a limited number of native cell lines have been
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FIGURE 10. Plot of DNA from SKNSH shows little or no
specific binding (®), determined as difference between label
found in DNA in presence (V) or absence (H) of cold competitor
(10-¢ mol/L octreotide). DNA was obtained from SKNSH human
neuroblastoma cells using techniques outlined in Figure 7.
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studied to date, the observations outlined here should be
applicable to all cell lines with sst-2 and intact mechanisms
for internalization. Earlier investigations showed that native
somatostatin can also move to the nuclear compartment after
binding and uptake (24-26). Accumulation of radiolabeled
somatostatin analogs within the nuclei of cells and their
increasing association with DNA over time may have
significant clinical importance for in situ radiotherapy. Drug
doses used in these in vitro studies are achievable in the
clinical setting.

Radiolabeled peptides that specifically bind to DNA may
allow for effective in situ radiation therapy with compounds
that emit Auger electrons. In this study, we have shown the
progressive intranuclear accumulation of Auger electron—
emitting somatostatin analogs. In parallel studies, we have
shown that these compounds effectively induce cytotoxicity
in IMR-32 cells but not in PANC-1 (sst-2-negative) cells (6)
or SKNSH cells. Progressive intracellular accumulation,
nuclear translocation, and specific DNA binding of !''In-
pentetreotide or '2I-WOC 4a in sst-2—expressing cells imply
that internalization and subsequent translocation to the
nucleus depend on the presence of membrane somatostatin
receptors with intact endocytic mechanisms. The specific
DNA sequence that binds pentetreotide and WOC 4a is
unknown. The DNA extraction procedure used at least
transiently denatures the DNA and disassociates naturally
occurring DNA-protein complexes. We chose this relatively
harsh extraction technique to learn of the association be-
tween the somatostatin analogs and DNA. We have not
obtained solid evidence that the somatostatin analogs form
covalent bonds with DNA, and it is not evident from the
chemical nature of the radionuclides (%I and !!'In) that
either is chemically incorporated into the DNA structure. On
the other hand, the radiolabeled somatostatin analogs, or
some portion thereof, remain associated with nuclear DNA
after extraction with chaotropic agents, implying a chemi-
cally strong bond. Experiments are in progress that will
define the nature of the somatostatin-DNA association. A
better understanding of this association may have consider-
able importance, allowing us to more accurately time
clinical treatment and develop more effective DNA-targeted
radiotherapeutic agents. Furthermore, we do not know if the
somatostatin receptor is a part of the DNA binding complex.
However, experiments that define the specific DNA binding
sequence and determine if the somatostatin receptor is part
of the DNA complex are currently under way in our
laboratory.

Other experiments performed in our laboratory using
freshly transfected SKR2 (an sst-2 transfected SKNSH cell
line provided by M. Sue O’Dorisio) have shown higher
membrane binding than with IMR-32 cells but significant
impairment of internalization compared with IMR-32. This
result suggests that these cells may have a defect in the
endocytic machinery (e.g., an inability to cluster in coated
pits) necessary for effective internalization and intranuclear
accumulation.
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Nuclear concentration and DNA binding of stable somato-
statin analogs should enable radioligands that emit Auger
electrons, such as !"'In and '%I, to be used for in situ
radiotherapy in tumors possessing both high densities of
somatostatin receptors and intact signal transduction path-
ways. Clinical results from pilot trials of these concepts are
encouraging (8,23).

Furthermore, a pilot trial comparing tumor and whole-
body accumulation and retention of radiolabeled somatosta-
tin analogs administered by bolus and by prolonged (24- to
72-h) infusions seems to support our observations (27).
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