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Abstract: HIV-1 REV peptide (positions 34—50) is well-known as a cell-permeating peptide. In
this study, we investigated the distribution of Fab fragment of immunoglobulin conjugated with
REV peptide (REV-Fab) following intravenous administration in rats, and compared with those
of the native Fab fragment (nFab). Radioiodinated REV-Fab or nFab (*2°I-REV-Fab or 125]-
nFab, respectively) was given in a single intravenous dose of 2 mg/kg (3 MBg/kg). Total
radioactive and TCA-insoluble radioactive concentrations in blood, whole-body autoradiography
(ARG), and urinary excretion rates were assayed following administration. Regarding blood and
plasma, total radioactive and TCA-insoluble radioactive concentrations for 125|-REV-Fab were
remarkably lower than those for 125]-nFab. In the whole-body ARG at 4 h after administration,
125|.REV-Fab produced remarkably higher radioactivity in the adrenal gland, spleen, and liver,
compared to 125]-nFab. Regarding urinary excretion rates, approximately 70% of the radioactive
dose was excreted in the form of a low-molecular-weight component by 24 h after administration
for both samples. 125I-REV-Fab may penetrate quickly from blood to adrenal gland, spleen, liver,
and other tissues after intravenous administration to rats, and then did not stay in situ and was
digested and excreted mostly via the renal route by 24 h. With these features, cell-permeating
peptides are expected to help the development of new antibody pharmaceuticals.

Keywords:  Whole-body autoradiography; HIV-1 derived REV peptide (positions 34—50); immuno-
globulin Fab fragment; intravenous administration; cell-permeating peptide

Introduction of infected cells, against viruses, bacteria, and the like that

Immunoglobulin preparations contain many kinds of have gone into latency in cells or tissues after infection. In
antibodies against viruses, bacteria, and the like and arerecent years, many studies have been reported on the new
widely used for the prevention and treatment of infectious finding that a series of arginine-rich peptides allow polymeric
diseases. Although these antibodies are effective in bloodsubstances to penetrate into cétfsAgainst this background,
vessels and humoral fluids, they are unable to be fully

effective, due to their inability to permeate the cell membrane (1) Fawell, S.; Seery, J.; Daikh, Y.; Moore, C.; Chen, L. L.; Pepinsky,
B.; Barsoum, J. Tat-mediated delivery of heterologous proteins
] ] into cells.Proc. Natl. Acad. Sci. U.S.A.994 91, 664-668.
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we are studying such cell-permeating peptides with the aim mRNAs!® and we showed that the peptide corresponding
of their application to the development of new drugs having to positions 3450, the site for binding to nucleic acid
the potential for penetration into cells and tissues conferred (RRE)}” is highly capable of penetrating into celfsin this
by binding immunoglobulin and the peptides. study, we attempted to add a new function of intracellular
Of the various cell-permeating peptides, the peptide penetration to immunoglobulin by binding it to the REV
derived from the TAT protein, an HIV-1 transcription factor, peptide.
has been studied extensively and reported to show very quick There are only a very few studies of complexes of the
penetration into cells and tissues. Studies of the pharmaco-REV peptide and high-molecular-weight proteins, with
kinetics and tissue distribution of this peptide are ongoing, almost no reports available on complexes of the REV peptide
and research programs aiming at the clinical application of and immunoglobulin or its functional fragment. Furthermore,
drugs incorporating the peptide are being implemeftéd.  although some studies are available on the penetration into
Meantime, taking note of the identity of the TAT peptide as cells in vitro, there are almost no reports on the distribution
an arginine-rich sequence, we have shown that some newor tissue penetration. So, we conjugated the REV peptide to

peptides are also capable of penetrating into é&ils. The
HIV-1-derived REV protein, in particular, like the TAT
protein, is known to play a key role in nuclear export of the

(4) Derossi, D.; Chassaing, G.; Prochiantz, A. Trojan peptides: the
penetratin system for intracellular delivefiyrends Cell Biol1998
8, 84-87.

(5) Nagahara, H.; Vocero-Akbani, A. M.; Snyder, E. L.; Ho, A.;
Latham, D. G.; Lissy, N. A.; Becker-Hapak, M.; Ezhevsky, S.
A.; Dowdy, S. F. Transduction of full-length TAT fusion proteins
into mammalian cells: TAT-p2%! induces cell migrationNat.
Med. 1998 4, 1449-1452.

(6) Schwarze, S. R.; Ho, A.; Vocero-Akbani, A.; Dowdy, S. F. In
vivo transduction: delivery of a biological active protein into
mouse.Sciencel999 285 1569-1572.

(7) Lee, H. J.; Pardridge, W. M. Pharmacokinetics and delivery of
tat and tat-protein conjugates to tissues in viBdoconjugate
Chem.2001, 12, 995-999.

(8) Bullok, K. E.; Dyszlewski, M.; Prior, J. L.; Pica, C. M.; Sharma,
V.; Piwnica-Worms, D. Characterization of novel Histidine-tagged
tat-peptide complexes dual-labeled withTc-tricarbonyl and
fluorescein for scintigraphy and fluorescence microscdajgp-
conjugate Chem2002 13, 1226-1237.

(9) Silhol, M.; Tyagi, M.; Giacca, M.; Lebleu, B.; Vives, E. Different
mechanisms for cellular internalization of the HIV-1 tat-derived
cell penetrating peptide and recombinant proteins fused to tat.
Eur. J. Biochem2002 269, 494-501.

(10) Wadia, J. S.; Dowdy, S. F. Protein transduction technolGgyr.
Opin. Biotechnol2002 12, 52—56.

(11) Futaki, S.; Suzuki, T.; Ohashi, W.; Yagami, T.; Tanaka, S.; Ueda,
K.; Sugiura, Y. Arginine-rich peptides: an abundant source of

the Fab fragment of immunoglobulin and gave the resulting
complex to rats by a single intravenous administration to
examine its disposition. The complex of the REV peptide
and the Fab fragment was prepared using a convenient
method based on chemical modificatidmather than a gene
recombination procedure. The Fab fragment was prepared
from a polyclonal antibody preparation containing many
different kinds of antibodie® and was labeled witf3 by

the chloramine-T metho®:?Its distribution was analyzed

by whole-body autoradiography, a method known to serve
as an excellent tool for the accurate analysis of the kinetics
of labeled drugs in animal bodies, and changes in its
concentrations in blood and plasma over time and its urinary
excretion were also determined.

Methods and Materials

Preparation of Immunoglobulin Fab Fragment. The
immunoglobulin Fab fragment (nFab) used was prepared
from a commercially available human polyclonal antibody
preparation (Venoglobulin-IH, Mitsubishi Pharma, Japan)
using the ImmunoPure Fab Preparation Kit (Pierce Chemical
Company, USA).

Conjugation of REV Peptide to nFab.The REV peptide
(TRQAR RNRRR RWRER QRGC) was chemically syn-
thesized by the Peptide Institute Inc. (Osaka, Japan). Its purity
was 95.1% as determined by HPLC. Conjugation of nFab
with REV peptide was similarly carried out as reported

membrane-permeable peptides having potential as carriers forpreviouswgl An N-(6-maleimidocaproyloxy) succinimide

intracellular protein deliveryJ. Biol. Chem.2001 276, 5836~
5840.
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Translocation of branched-chain arginine peptides through cell
membranes: flexibility in the spatial disposition of positive
charges in membrane-permeable peptiBeschemistry2002 41,
7925-7930.

(13) Futaki, S. Arginine-rich peptides: potential for intracellular
delivery of macromolecules and the mystery of the translocation
mechanismsint. J. Pharm.2002 245, 1-7.
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rearrangemeniol. Ther.2004 10, 1011-1022.

(16) Malim, M. H.; Hauber, J.; Fenrick, R.; Cullen, B. R. Immuno-
deficiency virus rev trans-activator modulates the expression of
the viral regulatory genedlature 1988 335 181-183.

(17) Kumagai, |.; Takahashi, T.; Hamasaki, K.; Ueno, A.; Mihara, H.
Construction of HIV rev peptides containing peptide nucleic acid
that bind HIV RRE IIB RNA.Bioorg. Med. Chem. Let200Q
10, 377—-379.

(18) Mage, M. G. Preparation of Fab fragments from 1gGs of different
animal speciesMethods Enzymoll98Q 70, 142—150.
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ester (EMCS) solution, equivalent to 126 of EMCS, was Determination of Blood and Plasma Concentrations.
added to 1 mL of 1 mg/mL nFab solution, and this mixed At0.25, 0.5, 1, 3, 6, and 24 h after administration of the test
solution was gently stirred at room temperature for 2 h. The substance, blood (approximately 0.4 mL) was drawn from
reaction liquor was treated with a PD-10 column (Amer- the caudal vein using a glass capillary having its inner wall
sham), equilibrated previously, to remove excess EMCS. treated with 500 units/mL heparin sodium in physiological
Subsequently, the column effluent was concentrated by saline. A 0.1 mL portion of each blood sample was separated
centrifugation using Microprep (Millipore, USA), and phos- for determination of blood concentrations, and the remaining
phate-buffered saline (PBS) was added to make a final portion was quickly centrifuged (3000 rpm, 15 min;’@)
volume of 1 mL. A REV peptide solution, equivalent to 600 to separate plasma. These blood samples were stored under
ug of the peptide, was added to this solution, and the mixture ice-cooling conditions until plasma separation. Prior to every
was gently stirred at room temperature for 2 h. The excesstime of blood drawing, the animals were examined for
portion of the REV peptide was removed using a PD-10 macroscopic signs. A 0.1 mL portion of blood or plasma
column, the column effluent was concentrated by centrifuga- was transferred to a polystyrene tube, and the radioactivity
tion using Microprep (Millipore), PBS was added to make a in the sample was determined using a gamma counter.
final concentration of 1 mg/mL, and this solution was stored Subsequently, 1 mL of physiological saline and 1 mL of 20%
under refrigeration until use. TCA were added to the assayed sample, and this was

lodine Labeling of REV-Fab or nFab. The REV-Fab  followed by centrifugation (3000 rpm, 15 min,“€). The
or nFab fraction was labeled wiff#® by the chloramine-T ~ Supernatant was removed, 1 mL of physiological saline was
method!®2° Twenty micrograms of protein was incubated added to the sediment, followed by centrifugation in the same
with 37 MBq (1 mCi) of 23]Na (Amersham, France) and manner, the supernatant was removed, and the radioactivity
chloramine T (10 nmol) in Eppendorf tubes for360 s at N the TCA sediment fraction was determined.
room temperature. The reaction was quenched by the addition Whole-Body ARG. Animals receiving the test substance
of sodium meta-bisulfite (62 nmol). Free iodine was removed were killed by ether anesthesia4h after administration.
by chromatography on a PD-10 Sephadex G-25 column After each animal was clipped, an approximately 3%
(Amersham, Les Ulis, France). lodine labeling of REV-Fab carboxymethylcellulose sodium salt (CMC-Na) solution was
or nFab was prepared by the addition of nonlabeled REV- used to fill in the oral cavity, nasal cavities, ear holes, and
Fab or nFab to 2 mg/mL. Specific activity ranged about 1.5 anus, and the animal was quickly frozen in a hexaDey
MBq/mg for REV-Fab or nFab. Ice bath. The tail and extremities were then amputated, and

Uptake into HeLa cells. HeLa cells were seeded on 24- the body was preserved in wrap-a20.4 to—17.0°C for at
well plate at a density of 2:55.0 x 10* cells per well. After ~ l€ast 24 h. An approximately 3% aqueous solution of CMC-
a subconfluent state was reached, the culture medium wad\a@ was applied to the body surface of the frozen fixed rat.
replaced with 50QL of MEM medium, and the plate was Subsequently, the body was embedded in an approximately
allowed to stand in an incubator at 3T for 3 h. 5% aqueous solution of CMC-Na and frozen in a hexane
Subsequently, 5L of the test substance was added and Dry Ice bath to obtain a frozen block. Frozen sections 30
reacted under the specified conditions, after which the plate#m in thickness were prepared using a cryomicrotome. The
was washed three times by PBS, a trypsin-EDTA solution Sections obtained involved a median plane, a renal plane,
was added, and the reaction was carried out &tG37or at and 2 planes of major tissues. Each section was freeze-dried
least 15 min to completely detach the cells. The cells and &t approximately—20 °C. The dry section was applied to
cell lysate were recovered from each well to a polystyrene base paper and covered with Mylar film. This section for
tube, and radioactivity was determined using a gamma ARG was brought into close contact with an imaging plate
Intravenous Administration of REV-Fab or nFab. Male cgr_nplet?on of the exposure, readings were taken using a

Sprague-Dawley rats were given free access to food angPi0imaging analyzer, ar.wd awhple-bod.y ARGM was gerler-
water. Each rat was weighed (28807 g) and housed in a ate_d (gradation, 65 536; resolution, &; sens_mwty, 4000;
metabolic cage for collection of urine and feces at 24 h. Rats latitude, 5; 1P, BAS-MS2040). Images obt.alneld by whole-
received a single bolus dose of 2 mg/kg (3 MBa/kg &0/ body ARG were analyzed on a rglatlve basis using the Image
kg) of 129-REV-Fab or'?3-nFab via the femoral vein. This Gauge software program (version 3.46, Fuji Photo Film,
dosage was selected to be identical with that employed forJapan). o . ] ] o
the clinically used antibody druds. Determination of Urinary Excretion. Animals receiving
the test material were placed in metabolic cages, and all urine
_ _ was pooled for a period of-024 h after administration (1
(21) Cobleigh, M. A.; Vogel, C. L.; Tripathy, D.; Robert, N. J.; Scholl,  piot in total). These urine samples were collected under ice-

S.; Fehrenbacher, L.; Wolter, J. M.; Paton V.; Shak, S.; Lieberman, ,4jing conditions. After urine sampling, the inside of the

G.; Slamon, D. J. Multinational study of the effecacy and safty . . .

of humanized anti-HER2 monoclonal antibody in women who metabolic cage was washed W't_h an appropriate amount of

have HER2-overexpressing metastatic breast cancer that has®070 methanc_)l' and the washmgs were reCOV(-—:-I.‘ed. The

progressed after chemotherapy for metastatic disehs€lin. volumes of urine and cage washings were quantified, and,

Oncol. 1999 17, 2639-2648. as required, purified water was added for the purpose of
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dilution. A 0.2 mL portion of this urine sample and washings A
was transferred to a polystyrene tube, and the radioactivity
in the sample was determined using a gamma counter.
Subsequently, 1 mL of physiological saline and 1 mL of 20%
TCA were added to the assayed sample, and this was
followed by centrifugation (3000 rpm, 15 min,°€). The
supernatant was removed, 1 mL of physiological saline was
added to the sediment, followed by centrifugation in the same
manner, the supernatant was removed, and the radioactivity
in the TCA sediment fraction was determined.

Excretion rates were determined as the percent ratio of
radioactivity in urine and washings to the dosed radioactivity.
After background was subtracted from the measured values 0
of radioactivity in urine and washings, the ratio to the dosed 0 100 200 300 400
radioactivity (actual measured value) was calculated. The

=

1000

800 "2%.REV-Fab

600

400

Concentration (ng/well)

200

. . A . nM
excretion rates of the radioactivity in the washings and the
radioactivity in urine were separately calculated, and the two 50
values were summed to obtain the overall urinary excretion
rate. 40 '%|.-REV-Fab

Results

Penetration of Test Samples into HeLa Cells*¥-nFab
or ?9-REV-Fab was added to the culture medium for
subconfluent HelLa cells, and their uptake into the cells was
examined. Figure 1A shows the dose dependent curves for

30

20

Concentration (ng/well) &

129-nFab and'?3-REV-Fab to incorporate in the cells. The 10

cell-associated protein level 89-REV-Fab was increased

with dose dependence from 1.25 nM to 400 nM, but that of OO === ——— — O
129-nFab was very low to 400 nM. As shown in Figure 1B 0 20 40 60

for time-related changes in uptaké®l-REV-Fab was
incorporated in the cells in a very short time, but the
incorporation level of29-nFab was very low for 60 min. In ~ Figure 1. Uptake of **°I-REV-Fab or **|-nFab into HeLa cells.
this experiment, the cells were treated with trypsin prior to (A) Concentration—response curve for 25-REV-Fab (@) or
the radioactivity measurements. This trypsin treatment ef- ‘2’I-nFab (O). Hela cells were incubated for 30 min in the
fectively removes the surface-adsorbed protéimsd there- medium containing test_sample with concentrations fro.m 1.25
fore, the majority of the radioactivity can be attributed to t© 400 "M (corresponding to 0.04 and 12 g of protein/well,
the internalized Fabs. The internalization of fluorescently rESpeCf'z‘;ely)' (B) Time course of response to '*I-REV-Fab
labeled REV-Fab was also confirmed by confocal micro- (®) or |-nFap (). Hela cells were treat.ed with ant'.bOd'es
scopic observation (data not shown). The effectiveness of"’.‘t"’lcon.Centratlon 0f 20 M (0.6 g of prOte'n/\.N?”)' At different

. - time points the cells were washed and trypsinized. The cell-
the RE.V segment asa del.lvery .VeCtor was thus verified. associated 1?5I-proteins (ordinate) were estimated from ra-
Figuar(ejfzcgﬁj gz%%?/;l;r?gtc;rl]sraldr:oaB:t)isg c%nndce?[?;rigis i dioacitivity of trypsinized cell and cell lysate, reported per well
blood and plasma and radioactive concentrations in the TCA- of a 24-well plate, and presented as mean £ SD of four wells.
insoluble fraction following intravenous administration of approximately 36.5% and 22.6%, respectively, and then, it

Time (min)

129-nFab or'®4-REV-Fab. recovered to 69.3% and 60.3% at 24 h, respectively (Table
Following administration of?3-nFab, the total radioactive  1).
concentration in blood was 9149324 ng equiv/imL at 0.25 Following administration of?8-REV-Fab, the total ra-

h after administration, the first measuring time point, after dioactive concentration in blood was 2639767 ng equiv/
which the concentration decreased in a biphasic pattern andmL at 0.25 h, a level approximateli s of the concentration
became 274k 29 ng equiv/mL at 24 h after administration. observed with'®4-nFab, after which the concentration
The radioactive concentration in plasma was 16 $38543 decreased in a biphasic pattern and became=83® ng

ng equiv/mL of'?8-nFab at 0.25 h, after which the concen- equiv/mL at 24 h after administration. The total radioactive
tration decreased in a biphasic pattern and becamet377 concentration in plasma decreased to 334972 ng equiv/
37 ng equiv/imL at 24 h. The ratio of TCA-insoluble radio- mL, a level approximately/, s of those with?93-nFab, and
active concentration to total radioactivity f&#-nFab was this was followed by a biphasic reduction. The ratio of TCA-
approximately 92.0% and 93.2% in blood and plasma at 0.25 insoluble radioactive concentration to total radioactivity for
h, respectively, after which it decreased UGth and became  '?3-REV-Fab in blood was approximately 83.9% and 80.7%

VOL. 3, NO. 2 MOLECULAR PHARMACEUTICS 177



articles

Kameyama et al.

A) Blood A) Blood
12%_nFab —e— Total 125.REV-Fab
10000 } —@— Total
—o- TCA- 10000
insoluble —O~ 'TCA-
s L insoluble
== 5~
© £ 23
£ 51000 f B E
o =
g o §% 1000
o< s 2
8 &
100
0 6 12 18 24 100 . . , .
Time (hours) 0 6 12 18 24
B) Plasma Time (hours)
121-nFab Total B) Plasma
—@— Tota
100000 r 125 REV-Fab
—0O~ ‘TCA- —@— Total
c insoluble 10000
o = —O~ 'TCA-
© TEI 10000 insoluble
5=
] S
5§ 2 ®E
© T 1000 F § £ 1000
O - _ £ o
-=-0 o=
100 d
0 6 12 18 24
Time (hours)
100 ) ) ) ;
Figure 2. Concentrations of radioactivity in blood and plasma 0 6 12 18 24

after intravenous administration of 125|-nFab to male rats. Total
radioactivity (@) and the radioactivity of TCA-insoluble pellets
(O) were measured by a gamma counter. Data are the
mean + SD of the results from 3 animals. Concentration of

Time (hours)

Figure 3. Concentrations of radioactivity in blood and plasma
after intravenous administration of 125|-REV-Fab to rats. Total

radioactivity is shown as the corresponding amount of 1251-
labeled proteins yielding equivalent radioactivity (ng equiv/
mL).

radioactivity (®) and the radioactivity of TCA-insoluble pellets
(O) were measured by a gamma counter. Data are the
mean £ SD of the results from 3 animals. Concentration of

. . __ radioactivity is shown as the corresponding amount of 125|-
in blood and plasma, respectively, at 0.25 h, after which it |apeled proteins yielding equivalent radioactivity (ng equiv/
decreased unt6 h and became approximately 42.9% and ),

13.9%, respectively, and then it recovered to 65.6% and
55.4% respectively (Table 2).

Whole-Body Autoradiography. Radioactivity distribu-
tions a 4 h after intravenous administration &fl-nFab or
1259-REV-Fab are shown in Figures 4 and 5, respectively.

Table 1. TCA-Insoluble Radioactivity Ratio after
Intravenous Administration of 125|-nFab to Male Rats

time after

dmini 4 TCA-insoluble radioactivity ratio (%)
administration?

First, for 129-nFab, particularly high radioactivity was W) in blood in plasma
observed in the thyroid, renal cortex, intracystic urea, and 0.25 920+ 4.8 93.2+07
gastric contents, and relatively high radioactive concentra- 0.5 81.8+7.6 837+24
tions were observed in the skin, whereas almost no radio- 1.0 638+16 58.9 + 4.4
activity was detected in the brain, spinal cord, or eyeballs. 3.0 469+ 1.4 26.5+£3.4
For 128-REV-Fab, high radioactive concentrations were 6.0 36.5+4.6 226£0.7

24.0 69.3 + 4.2 60.3 + 6.0

detected in the thyroid, renal cortex, gastric contents,
intracystic urea, and skin, whereas almost no radioactivity a Time after intravenous administration of 125-nFab. » The ratio of
was detected in the brain, spinal cord, or eyeba”& as with TCA-insoluble radioactivity per total radioactivityin_ blood or plasma.
125.nFab. However, for'?5-REV-Fab. high radioactive Data are the mean 4 SD of the results from 3 animals.
concentrations were also observed in the spleen, liver, and4.5%, respectively, by 24 h after administration. The ratio
adrenal gland. of TCA sedimentable fraction to total urinary radioactivity
Urinary Excretion. Table 3 shows the urinary radioactive was 0.38% and 0.04%, respectively. Therefore, the majority
excretion rates following intravenous administratiort35k of radioactivity would be derived from low-molecular-weight
nFab or'?§-REV-Fab. The urinary excretion rates f&#l- components containing free or peptide-bodfit] because
nFab and-REV-Fab were 71.2+ 14.8% and 69.5+ the TCA-insoluble radioactivity corresponds to the intact
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Table 2. TCA-Insoluble Radioactivity Ratio after

Intravenous Administration of 125|-REV-Fab to Male Rats

time after
administration?

TCA-insoluble radioactivity ratio (%)?

(h) in blood in plasma
0.25 839+ 1.7 80.7 £ 1.7
0.5 63.3+ 1.3 69.2 +4.9
1.0 60.6 + 3.2 44.0 £5.2
3.0 46.6 + 1.6 176 £ 0.5
6.0 426 +1.1 139+ 1.3
24.0 65.6 + 0.9 554+ 5.3

a Time after intravenous administration of 1251-REV-Fab. ? The ratio
of TCA-insoluble radioactivity per total radioactivity in blood or plasma.
Data are the mean £ SD of the results from 3 animals.

Caudal <+— —» Crania

T,

Sl a
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P o |
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——
5 15 & 11182
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Figure 4. Whole-body autoradiograms at 4 h after intrave-
nous administration of 12%|-nFab to male rat. Each number
indicates responsible organs. 1: Kidney. 2: Spleen. 3: Liver.
4: Skin. 5: Gastric contents. 6: Adrenal gland. 7: Lung. 8:

Figure 5. Whole-body autoradiograms at 4 h after intrave-
nous administration of 125-REV-Fab to male rat. Each number
indicates responsible organs. 1: Kidney. 2: Spleen. 3: Liver.
4: Skin. 5: Gastric contents. 6: Adrenal gland. 7: Lung. 8:
Eyeball. 9: Testis. 10: Heart. 11: Blood. 12: Spinal cord.
13: Brain. 14: Bone marrow. 15: Urinary bladder. 16:
Thyroid gland. 17: Intestinal contents. 18: Brown fat.

Table 3. Urinary Excretion of Radioactivity in 24 h after
Intravenous Administration of 125-REV-Fab or 125|-nFab to
Male Rats

urinary excretion

% of
samples % of dose? TCA-insoluble®?
125-REV-Fab 69.5+45 0.04 £+ 0.00
1251-nFAB 71.2+148 0.38 + 0.15

aTotal urinary excretion of radioactivity per total radioactivity of
dose.  The ratio of TCA-insoluble radioactivity per total urinary
radioactivity. Data are the mean + SD of the results from 3 animals.

Eyeball. 9: Testis. 10: Heart. 11: Blood. 12: Spinal cord.
13: Brain. 14: Bone marrow. 15: Urinary bladder. 16:

Thyroid gland. bodies and in blood, as well as intracellular upt&ké’ and

studies are ongoing to apply it to the treatment of various
REV-Fab as well as partially digested proteins having diseases® 3! Additionally, since the TAT peptide has an
relatively high molecular weights.

(23) Nakanishi, M.; Eguchi, A.; Akuta, T.; Nagoshi, E.; Fujita, S.;
Okabe, J.; Senda, T.; Hasegawa, M. Basic peptides as functional

Discussion
. . components of non-viral gene transfer vehicl€surr. Protein
A recent study has revealed that high-molecular-weight Pept. Sci2003 4, 141-150.

substances can be incorporated in cells through the cell 54y | ewin, M.; Carlesso, N.; Tung, C. H.; Tang, X. W.; Cory, D.:
membrane when bound with certain basic peptides, thOUgh Scadden, D. T.; Weissleder, R. Tat peptide-derived magnetic
they are otherwise unable to penetrate into ¢&il& On the nanoparticles allow in vivo tracking and recovery of progenitor
TAT peptide, in particular, many reports are available, cells. Nat. Biotechnol200Q 18, 410-414. _
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arginine-rich sequence, other arginine-rich peptides of protein
origin have also been studied extensively; peptides from the
HIV-1 REV protein or the FHV coa® like the TAT peptide,
have been shown to be capable of allowing high-molecular-
weight substances to penetrate into cells.

The REV protein is well-known as a nuclear exporter of
the mRNAs, and its activity is of paramount importance to
the proliferation of the virus; accordingly, many reports have

129-nFab. The slow elimination from plasma in the terminal
phase is also attributable to the gradual liberation of tissue-
incorporated?3d-REV-Fab complex from the tissue to blood.
Since the TCA-insoluble fraction content was high at
approximately 90% in the initial phase after administration
but decreased to approximately 60% in the terminal phase,
and also since the TCA sediment fraction content in urine
decreased to less than 1%, it was postulated*#8aREV-

been presented on the suppression of its activity. On the othefFab underwent decomposition to low-molecular-weight

hand, we found that the peptide corresponding to position
34~-50, which is important to the transcription activity of
the REV protein, not only serves as a nucleic acid binding
site but also is capable of permeating the cell membrane.
We are now attempting to add a new function of intracellular
penetration to antibodies by conjugating them with the REV
peptide.

In the present study, we first examined the uptak&®bf
labeled REV-Fab complex in HelLa cells, and verified the
efficient and quick incorporation of thé3-labeled complex
into the cells with the help of the REV peptide. Subsequently,
the disposition and blood kinetics following intravenous
administration in rats were investigated using this RI-labeled
complex. The blood and plasma concentration®HiREV-

Fab decreased very rapidly in the initial phase following
intravenous administration; conversely, in the terminal phase
129-REV-Fab decreased more slowly th&f-nFab. Regard-

ing whole-body ARG, the time point for comparison was
set to be 4 h after administration, when the initial rapid

’

change had been complete and a transition to gradual declin%)

occurred. We demonstrated th&#8-REV-Fab produced
remarkably greater accumulation of radioactivity in the
adrenal gland, spleen, and liver compared wiirnFab.
The rapid initial decreases in blood and plasma concentra-
tions following administration of'?4-REV-Fab can be
explained by the penetration 8fl-REV-Fab to these organs,
resulting in significantly lower concentrations than those of
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components in tissue and then excreted in urine. These results
suggested that the incorporated labeled complex did not stay
in situ for a long time, with approximately 70% of the dose
excreted via the renal route in the form of low-molecular-
weight components by 24 h after administration. TCA-
insoluble radioactivity ratios were decreasedravé hperiod

after iv injection, but then increased at 24 h. The total
radioactivity decreased consistently between 6 and 24 h after
iv injection, whereas the decrease in TCA-insoluble radio-
activity was not so significant. This eventually yielded the
apparent increase in the TCA-insoluble radioactivity ratios
at 24 h after injection.

Several reports of studies using the TAT peptide show
high pulmonary uptake, as well as accumulation in the spleen
and liver5—8 whereas the results of the present studyfef
REV-Fab showed almost no uptake in pulmonary tissue. This
difference is partially attributable to the fact that the reports
on the use of the conventional TAT peptide handled the
eptide as is or its complex with a substance of relatively
ow molecular weight. Additionally, it has been reported that
a complex of TAT angb galactosidase was incorporated in
the brain as D8 h after administration when given by
intraperitoneal administratidhln the case of?3-REV-Fab,
however, almost no radioactivity was observed in the brain,
spine, or eyeballs, though the determination was made at 4
h after administration. It remains unclear whether these
differences are due to differences in the kind of protein
modified, or to differences in the kind of cell-membrane-
permeating peptide used.

The above results demonstrate tA&t-REV-Fab pen-
etrates into organs in a very short time following intravenous
administration in vivo, as well as its intracellular penetration
in vitro. Furthermore, its disposition was found to occur in
accumulative pattern in particular organs, such as the spleen,
liver, and adrenal gland, rather than in a uniform distribution
to all organs. It was also shown that the incorporated labeled
complex did not stay in situ for a long time, with ap-
proximately 70% of the dose excreted via the renal route in
the form of low-molecular-weight components by 24 h after
administration. With these features, cell-permeating peptides
are expected to help the development of new antibody
pharmaceuticals.
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