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ABSTRACT

AIM: To study the tissue distibution and its
mechanism of 4 new recombinant tumor necrosis factor
alpha derivative { thTNFaDa)} in mice. METHODS;
"5 [.thTNFaDa was prepared by lodogen method.
Tissue distribution of '“IThTNFoDa in mice was
studied by determining radioactivity of tetrachloroacetic
acid { TCA )- precipitable fraction in tssues. The
isolated heart-lung perfusion study using ***I-rhTNFaDa
perfusate was carried out to-study the distribution
characteristics of I-thTNFoDa in hmng. RE-
SULTS: Except for thyroid, AUC of the TCA-
precipitable " I-thTNFoDa in tissues was highest in
lung, which was 12.2-fold of that in serum, while
concentrations in other tissues were all lower than that
in serum. Perfusion study in vitro revealed that the
concentration of radio-labeled peptide in lung was
higher than that in perfusate. On the contrary, level in
heart was much lower than that in perfusate. The
overall distribution of " I-thTNFaDa in lungs showed
rapidly equilibratory, dose-dependent. samrable,
competitive, and highly affinitive, with K, 476 pmol -
L' and B, 348 fmol - g~! { lung tissue ).
CONCLUSION: The specific distibution of
HTNFeDa in lungs was its distinctive characteristics.

INTRODUCTION
Tumor necrosis factor alpha { TNFa) showed anti-
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tumor effects in some tumors'™, but its systemic
toxicity limited its application in human 2'. Recently,
many studies focused on  its  structure-activity
relationship and several TNF motants showed some
advantages over the wild-type TNE«®) . A new
thTNFx derivative { thTNFeDa) was produced with
deletion of N-terminal 1 — 7 amino acids and replace-
ment of Pro®, Ser’, Asp'®, Ala' with Arg, Lys,
Arg, Phe! . Its anti-tumor activities increased both
in vitre and in vive, and systemic toxicity decreased as
compared with recombinant TNFa. The present study
involved the tissue distribution of this mutant in mice.
Most of the peptide and protein drugs were mainly
distributed in blood and interstitial spaces’™ . The
researches concerned with the specific distribution of
peptide drugs were very limited. The underdying
mechanism of distnbution of cytokines was still
unclear. The present experiment was to study the
tissue distribution of thTNFaDa and its mechanism.

MATERTALS AND METHODS

Materials [*]|Nal {581 kBq - g~! iodine)
was from Amersham. Iodogen was synthesized by
Prof LI De-You | Institmte of Phammacology and
Toxicology, Beijing). All other reagents were of AR
{Beijing Chemical Industry Factory ). 1929 cell line
was got from the Chinese Nanonal Institute for the
Control of Pharmaceuticals and Biological products.
RhTNFaDa [ purity >95 %, specific activity 220 GU-
g~ !{protein} assayed by 1.929 cell cytotoxicity] was
provided by Wenzhou Fudan Biotechnology Co Lid,
Wenzhou, China. LACA mice { Cerificate Ne 01-
3025) were from Animal Center of Academy of
Military Medical Sciences.

Radiolabeling and  identification of
BL.chTNFaDa  SIthTNFaDa was prepared by
Todogen method and purified by Sephacryl $-200HR gel
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{ Phammacia ).  The steps were similar o the
preparation of 'ZL-hGCSF ® . The radioactive purity
of the purified 'PI-thTNFeDa was identified by
reversed phase high performanced liguid chromato-
graphy ( RP-HPLC) and bioactivity was assayed by
1929 cell bioassay'”. The ' I-thTNFaDa with a
specific activity of 577.2 GBq - g~' { protein) and
bicactivity similar to unlabeled peptide were used in the
study.

Tissue distribution of ' I-rhTNFeDa in
vivo  Forty-two mice were randomly assigned to 7
groups and each group contained 3 3 and 3% . FEach
mouse was iv ' I-thTNFaDa 25 ug + kg™' (20
MBq}. Mice were bled at 0.17, 0.67, 2, 4, 8, 24,
and 72 h. Serum was obtained after centrifugation at
0000 x g for 5 min. Tissues were homogenized,
weighed, and precipitated by adding equal volume 20
% {wt/vol) of tetrachloroacetic acid { TCA). The
gamma radioactivity of TCA-precipitable fraction and
total sample was counted separately .

Perfusion of heart-Ilung preparation i vitro

Male mice weighing 24 — 26 g were heparinized and
anesthetized by ketamine. The superior and infericr
venae cava were ligated. A saline-filled cannula was
mserted into aorta and ligated for outflow port.
Another canmula was inserted and ligated at right auricle
for inflow port. The isolated heari-lung preparation
was washed by nomnal saline for 5 min at first, then
perfused with saline perfusate containing 0.2 % bovine
serum albumin and "“*I-thTNFaDa { with or without
1000-fold unlabeled peptide ) through the inflow port at
flow rate of 0.5 mL-min"'. Outflow was collected
with 1 mL per tube. Gamma radicactivity in outflow
was counted and standardized to percentage of inflow
concentration, The lungs and heart were dissected and
washed after 10-min  perfusion, Uptake of
'S LthTNFaDa by heart and lungs was counted
separately .

RESULTS

Distribution of TCA-preciptable I
thTNFaDa radicactivity in serum and tissues
5 LthTNFaDa identified by RP-HPLC in serum
samples revealed that percentages of '™ I-hydrophilic
degradation products in serum total radicactivity
increased rapidly from 15 % to 74 % within 1 h.

Comparison of serum TCA-soluble radioactivity with
5L degradated radioactivity demonsirated that the
15 Lhydrophilic degradation products were mainly in
TCA-supernatanit.  The levels of TCA-preciptable
radicactivity in most tissues after iv bolus injection were
lower than that in seram. AUC . to AUC,, ., ratio
in the last column was related to the partition coefficient
between tissue and serum. Except for thyroid tissue,
which had high affinity to iodine, the ratio for lungs
was 12.2, which was the highest among other tissues
observed. There was a specific high affinity of
Y5 L. thTNFeDa to lungs {Tab 1).

Distribution of '“I-rhTNFaDa after heart-
lung perfusion in vitro The radicactivity levels in
outflow rapidly dropped to 70 % at 2 min after
perfusion. and gradually recovered to a stable level
approximately to inflow level within 10 min (Fig I}.
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Fig 1. Mouse heart.lung preparation was perfused
with perfusate containing >*I-thTNFaDa.

Outflow radioactivity (% of inflow)

The results demonstrated a time-dependent binding
of P 1-thTNFaDa by the preparation. The distribution
of *I-hTNFaDa in heart and lungs afier various
concentrations of = I-thTNFaDa with or without 1000-
fold unlabeled hTNFaDa after perfusion was listed in
Tab 2, respectively. The binding of ' I-thTNFeDa to
lung and heart was remarkably different. The
concentrations  in  longs after  perfusion  with
15 L thTNFaDa 54, 177, and 502 pmol-L~! were 7.4,
5.2, and 3.7-fold of those in inflow perfusate,
respectively. On the contrary, concentrations in heart
were only 0.50, 0.44, and 0.46-fold. respectively,
The results were in accordance with those ohserved in
vive. The distribution of ' I-thTNFoDa in lungs with
unlabeled rhTNFaDa was lower than that without
mnlabeled rhTNFeDa, while the uptake of I-
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Tab 1.
151 TNFeDa 25 pg kg .

Tissue distribution profiles of TCA-precipitable radicactivities [ MBg- g~' | wet tissue) ] after iv bolus of
n=6mice (32 ,3%);at72h, n=3.

xx 5. "P<0.05, P<0.0I vs serum.

AUC/

AUC, g’
Tisis  Wmh  40min 2h ih Bh 2 h 2h kBqhol  PUcuse
o AUB, o,
g~ s}
FEUE ) 4e0.04 0.02:0.01 00062002 O.002+0.0008 0.000620.001  0.004£0.0006 0.00:0.00 - -
Serum BHrld 16+5 14218 2.5¢1.2 1.0+0.6 rox0.5 - 5l.4 [
Brin 05205 0.3:0.0° 012£0.06°  0.1£01°  0.03£0.02°  0.1x01° 0062002 2.0 0.0
Muscles  0.820.3° 0.8:02° 0.3=0.1° 0112003  0.07£0.02  0.0420.04° 0062003 28  0.05
Thymus  0.9£0.5° 09205  0.6:0.4°  0.2x0.1°  0.06£0.0F  0.042005° 0012002 3.5 006
Fat 102065 1.0:0.4 0.5:0.2° fA£0.2° 0.1£0.1¢ 0.0520.02°  0.06+0.05 4.4 0.08
Testes 0.5+0.4° 11202  0.820.5° 0.4£0.1° QG004 0.0520058 0.05 4.9 0.09
sl ) GL08 LexLe 07505 0604 0.2:0.1°  0.07:0.0° 0042001 76 014
Heat  3.2x10° 28208 08202 03201 0.120.1¢ 0.1:0.15 0472005 7.9 0.5
Dundenum  2.3:1.2°  26+1.1° 13208  0.5:0.3 D201 00820 007£0.05 91 w17
Ovaries  3.7+¢04° 37+1.7  21£1.0° 017200  0.2=0.1°  0.03:0.04% 0.02:00 W& 20
ﬁms 17608 46 11£0.6  0.5:0.2° 0.2+60.1°  010s0.07 0052002 103 0.0
Bladder  0.9£0.3 14205 11:1.¥  04:03° 0.7¢1.3 0042007 0.0420.08 123 0.23
Cubladder ) ;2o 44526 LS2l0F 110 03202  0.02x0.04" 04205 137 0%
gl‘“hm“‘al 1325 91l 25220 0.6%0.1° 0.2£0,1° 0.1:0.1* 0052005 2.5 0.4
B 0.2:0.2° 08:0.F 09505 16265 1.3:0.8 0.420.3  02:£02 W1 0.4
Sgleen 1610 52212  Lezlof  1.3:02 0.4£0.2 0.2:0.1  0.1:01 W2 0.3
Kdneys  26£11  123+40  3.2+03 1.1£0.3° 0.540.2 04202 0.2:001 4 0.0
Liver Brll 1042160 461D 1.8+0.4 f.520.2 04204 3202 407 0.9
Lamgs NzH 100 +32¢ o0+ 47 42" 11 £65° 2.4+7.35° 1217 628 12.11
Thyroid B0 119+7¥F S2x001°  1T6: 1424 1083 +328° 09x341°  SBz493 21738 423

thTNFaDa in heart had no difference with or without
unlabeled thTNFaDa in perfusate. K4 47.6 pmol-L™!
and By 348 tmol- g~ ! lung tissue) were obtained by
Scatchard plot {Tab 2.

DISCUSSION

It is unclear about the distribution characteristics of
cytokines when they were given pharmacologically.
They have different specific biological activities and
most of them are autocrine or paracrine, we infer that
there must be some different distribution profiles for
different bioactive proteins or peptides. In this paper
we found that the concentration of thTNFuDa in lungs
was 12-fold of that in serum n vive, The perfusion
experiment of heart-lung preparation by various
concentrations of **I-thTNFaDa with or without 1000-
fold unlabeled hTNFuDa revealed that there was high

affinity of '*F-thTNFeDa from the perfusate in lungs
but not in heart. The distribution of '** I-thTNFeDa in
lungs showed rapidly equilibratory. dose-dependent,
saturable, competitive, and highly affinitive. The K,
was approximate to that reported {19 pmol-L~1)®),
Therefore we assumed that there might involve a
recepltor-mediated mechanism in the distribution of this
cytokine both in vive and ir vitro. The significantly
high affinity with specific tissue might relate o the
physiclogical function of the cytokine and the potential
therapeutic application of the peptide in diseases. The
specific distribution was also seen in other peptides.
For example. the content of erythropoietin in bone
marrow was 2-fold higher than that in serum’® and high
concentration of neuro-growth factor occurred in the
sympathetic ganglial!” . Also, The receptor-mediated
mechanism might take a part role in the non-linear
phammacokinetics of TNFq. Our experiment showed



http://www.cqvip.com

- 374 -

ISSM (2539750 Acta Pharmacol Sin  + B #H 2 4|

E-mail aps@ server. shcne. ac. en

1939 Apr; 20 (4)
Phn/Fax. 86-21-6474-2629

Tab 2.
heart after

Distribution of *I-rhTNFaDa in lungs and
10-min  heart-limg  perfusion by

51 rhTNFaDa with or without 1000-fold unlabeled

thTNFaDa in the perfusate.

x x5 P<0.01 vs

51 shTNFaDa 54 and 502 pmol * L-!, respectively;
bp < 0.01 vs Col 1.

15]. thTNFaDa in perfusate,/prool 1.~

H 177 302
n 6 2 2
155ty TNFaDa in lungs {pmad-g ')
Fﬂﬂlm unlgbeled) 0402 0.08  0.93+ 0.04° 188z 0.2
b
(C%ﬂ mlabeled) 0-21% 0.08°  v.oox 0.04" 1.5+ 0.26°
- 4]
%&LT 0.19 0.27 .32
"1 thTNFaDa in heart (pmol-g~")
Ff\’,];ul,ﬂm unlibeled) O-U27E U018 0.078= 0.016° 0.233% 0.011
F:lﬂzq imlabeled)  U-014 0008 {084+ 0.025 0,239+ .07
- n
%Tlpewcﬁii 0.0y ~0.006 - 0,005

3~3]
that the dosage matio was 1.0:2.7:6.1 , while rhez g:ﬂ)\ﬂ%ﬁﬁ%.? n iTER

AUC ratio was 1.0:4.4:12.8, which was not increased

proportionally with dose increasing.
sinilar results in other reports as well'!!

There were also
12]

In summary, the present experiments showed that

there was an extraordinary high concentration of

15 - thTNFeDa

in lungs and a receptor-mediated

mechanism might be involved in this process.
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