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A novel human tumor necrosis factor « mutant showed potent
antitumor activity and reduced toxicity in vivol
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ABSTRACT

AIM: To study the antitumor activity and sysiemic toxic-
ity of human tumor necrosis factor o { FTNFa) mutant M2
{ R2ZK-N305-R32W-LI157F-hTNFa ). METHODS .
Mouse sarcoma S180 wmors and hepatorna HAC wmors
were implanted into mice, and human urocyst carcinoma
CP-3 tumors were implanted into nude mice. The
xenografted mice were injected with wild-type hTNFo and
its mutant M2 at different doses.  After 7 d ( mice) or 10
d (nude mice} of injection. the tumor weight was mea-
sured 1o calculate the inhibition rate of hTNFe and M2.
Systemic toxicity experiments were done on Rhesus mon-
keys by injecting them with wild-type hTNFe and mutant
M2 respectively for 10 consecutive d. Observations were
made on the monkeys both before and after the injection.
RESULTS: For mice implanted with sarcoma S180 and
hepatoma HAC tumors, the inhibition rate of M2 was
similar 1o that of wild-type h'TNFa at the dose of 0.025
mg kg, while for nude mice implanted with human uro-
CP-3. the inhibition rale of M2
(45.5 % ) was much higher than that of wild-type
hTNFa (15.5 % ). When the dose came 1o (.25 and
2.5 mg/ kg respeclively, however, the inhibition rate of
M2 greatly increased ( the highest was 75.9 % ). The
tests of systemic toxicity of h'TNFe and its mutant M2 in
monkeys proved that M2 presented lower toxicily than
wild-type hTNFu did. CONCLUSION: hTNFa« mutant
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M2 not only presented higher antitumor activity than
wild-type hTNFe did on mouse tumor ($18¢ and HAC)-
and human tumor ( CP-3]-implanted mice, but also
showed lower systemic toxicity in the Rhesus monkey .

INTRODUCTION

Human tumor necrosis factor o ( hTNFa) is a cy-
tokine primarily produced by activated macrophages and
first discovered by its ability to cause hemorrhagic necro-
sis of tumors in vivo as well as its cyloloxic activity on
malignant cells iz vitro'"' . However, administration of
murine TNF as an antitumor agent revealed a high in vive
toxicity in mice™” =+ and injection of high doses of hTNF
in humans, which was necessary for tumor regression,
caused serious side effects, such as hypotension and hep-
alo[oxicity[']. This toxicity most probably reflected the
pleiotropic character of TNF and its important role in
inflammatory and immune responses .

To use TNF« as an anticancer drug, the structure-
function relationship of h'TNFa was investigated and many
hTNFa mutants were reported.  van Ostade er af “* found
thai compared with wild-type hTNFa, mutant R32W-
hTNFa showed similar cytotoxicity to HEp-2 cells while
its inflammatory effects i vitro were lower than wild-
type hTNFa.
of R32W in xenografted nude mice was similar to that of
wildtype hTMFa. Based on the studies of R32ZW-
hTNFe and the other mutanis, we established a novel
TNFa combined mutant M2 ( R2ZK-N30S-R32W-LI157F-
HWTNFa) which had a lower cytotoxicity o 1929 cells
(murine tibroblasts) and high cylotoxic activities 1o sev-
eral kind of human tumor cells, such as HEp-2, MCF-7,
HepG-2 and 3A0 | Furthermore, the mouse acute
toxicity experiment showed that the LDy, of h'TNFa mu-
tant M2 was al least 700 fold lower than the LDy, of wild-
type hTNFo!®'.  In the present study, 10 evaluate the an-
tiwmor activity of M2 in vive . the antitumor effect of the
mutant was compared with wild-type TNFu in xenografied

Moreover, the im rive antitumor activily
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mice and nude mice, and systemic toxicity of M2 in
monkeys was also evaluated.

MATERIALS AND METHODS

Reagents and cytokines  Cyclophosphamide
(CTX) was from Shanghai Hualian Pharmaceutical Co
Lid (China}. The kits for serum biochemistry examina-
tion were from Beijing Zhongsheng Biotechnology Hi-tech
Company (China). Wild type TNFe (8.3 g/L) and
mutant M2 (12.8 g/L} were expressed in £ coli and pu-
rified in our lab with the purity of about 95 % .

Tuwmor lines  Mouse tumor sarcoma 5180 and
hepatorma HAC were from Shanghai Institute of Pharma-
ceutical Industry (China); human urocyst carcinoma
CP-3 was from Shanghai Experimental Animal Center of
Chinese Academy of Sciences.

Animals Male BALB/c nude mice, weighing
(19.43+0.22) g {Grade [I . Certificate No 005, from
Shanghai Experimental Animal Center, Chinese Academy
of Sciences, China}, male Kunming strains mice,
weighing (19.44 £ 0.19) g (Grade [I . Certificate No
107, from Shanghai Instiute of Pharmaceutical Industry,
China}, and Rhesus monkeys, 5-vear-old, of both
sexes, weighing (5.6 = 0.6) kg (Cerificate No
BDWS5(02, from Experimental Animal Center, Acade-
my of Military Medical Sciences, Beijing, China) were
housed individually and fed three times a day with free
access to water.

Antitumor activity assay' " Physiological saline
was added to tumor tissues at a ratio of 4:1, followed by
homogenization.  Afier mice were administered with hy-
podermic injection of the tumor cell suspension (0.2 mL/
mouse), they were randomly divided into groups {10 mice
per group) : physiological saline (normal salinz) group as
a negative control ; CTX group as a positive control; wild-
type WTNFa group (0,025 mg/kg) and M2 group which
was subdivided into three groups of 0.025 mg/kg. 0.25
mg/kg, and 2.5 mg/kg respectively. The xenografied
mice were injected with hTNFa for continuously 7 d (0.5
ml/mouse ). After 1} d implantation, mice were dissect-
ed and the wmors were taken out to compare their weight.
The xenografied nude mice were injected with WTNFa for
continuously 10 d {05 mL/mouse). Afier 15 d implan-
tation. the nude mice were dissected and the tumors were
taken out to compare their weight. The rate of antitumor
activity was calculated as:

Inhibition rate {% ) = { Average tumor weight of
conirol group — Average tumor weight of test group )/

Average tumor weight of control group x 10 %

Toxicity test  Rhesus monkeys were divided into
two groups: Wwild-type hTNFa group and M2 group (4
monkeys per group). Monkeys were administered intra-
venously with hTNFe (200 prg/m” body surface area) on
10 consecutive 4. The activity, behavior, lood-laking,
and death of the animals were observed. The monkeys
were weighed and given blood tests both before and affer
injection.  The serum biochemisiry examination included
total protein (TP), albumin ( ALB!, glicose (GLU?},
total bilirubin { T-BIL). creatinine { Creal, total chotes-
terol { T-CHO}, blood urea nirogen ( BUN}. glutamic
pyruvic transaminase { ALT ), glutamic  oxaloacetic
transaminase { AST), and alkaline phosphatase (ALP).

Data analysis The dua are presented as & £ 5.
The f-lest was used to estimate the statistical <ignifi-
cance .

RESULTS

Antitumor activity of M2 in xenografted mice
and nude mice For mouse sarcoma 5180, at the dose
of 0.025 mg/kg, the inhibition rate of h'TNFa mulant M2
was higher than that of wild-type (53.2 % and 30.2 %
respectively) . When the dose of M2 came to 0.25 and
2.5 mg/kg, the inhibition rate reached 39.4 % and
69.1 % (Tab 1). For mouse hepatoma HAC. the inhi-
bition rate of wild-type HTNFe (0.025 mg/kg) was
45.5 % while that of M2 was 38.7 %, 62.4 % and
75.9 % ai the dose of 0.025, 0.25, and 2.5 mg kg re-
spectively {Tab 1).

Tab 1. Antitumor activity of wild-type hTNFo and its mu-

tant M2 on mouse sarcoma $180 and hepatoma HAC. n=
10 mice. x=+s. “P<0.01 vs normal saline group.
. Dose Tuirks Inhibition
Groups my-kg ™! weight: ¢ rates o
S1B Nomal saline 10 mL kg 2805 -
CTx 1w s +0.07° 953
Wild-type hTNF= 0.025 1.9=0.6 3o
Mutant M2 0.025 (IR L2
n.25 TR TS 003 R I |
2.5 (80,20 0.l
HAC Nonnal saline 10 mL/ kg 27200 -
CTX 100 O lk=0.u5 T
Wild-type hTNFg .25 1.3+0.5 3.5
Mutant M2 0023 1605 387
0.25 Lo+ 024
2.5 .04+ 0.21° 5.9
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M2 also presented high antitumor activity to human
urocyst carcinoma CP-3 in nude mice. The inhibition
rate of wild-type hTNFa was 15.5 % at the dose of
(.025 mg/kg while that of M2 was 45.5 %, 52.1 %,
and 64.1 % at the dose of 0.025, 0.25, and 2.5 mg/
kg, respectively (Tab 2). Tt was clear that M2 present-
ed much higher antitumor activity to human CP-3 twmors
than wild-type hTNFe did.

Tab 2. Antitumor activity of wild-type hINFo and motant

M2 to human urocyst carcinoma in nude mice. #n = 10
mice. xz5. “P<0.01 s normal saline group.
Groups Dase/ Tumuor Inhibition
mg-kg™ ! weight<g rate/ %
Nommal saline 10! mL:kg  1.67+0.26 -
CTx 100 0.080£0.021°  95.2
Wild-type hTNFa 0.025 1.4£0.7° 15.3
Mutant M2 0.025 0.9+0,4° 45.5
0.25 0.80=0.27 n2.1
2.5 0.6+£0.3° 6.1

Toxicity of hTNFe mutant M2 in monkeys
Two monkeys of the wild-type hTNFg group died in 10
d, and another monkey died after the 10 d injection.
Meanwhile, the monkeys of M2 group all survived with
nomal activities after the 10 d injection.

In the M2 group, the weight of monkeys slightly de-
creased after the 10 d injection (Tab 3).
decrease of average weight was not much different { P >
0.05). 1In the blood tests (Tab 4), all the serum bio-
chemistry indexes except ALP were normal ( P > 0.05)
after injecting M2 (200 pg-m~2+d=", 10 d}.

However. the

Tab 3. Effect of mutant M2 {200 pg'm~2-d"!, iv, for 10
d} on body weight of monkeys.

Weight kg | 2 3 4 Xts F
Before injection 6.3 5.3 59 4.8 56zx06 >0.05
After injection 3.8 5.4 54 4.1 5.210.7 >0.05
DISCUSSION

We had expressed some novel hTNFe mutants in
E coli and studied their cylotoxicity . receptor binding ac-
tivities and systemic toxicity (LDy, in mice)!™ . hTNFea
mutant M2 presented high cytotoxicity to several human
tumor cell lines but showed very low cytotoxicity to L929

Tab4, Effects of mutant M2 {200 pg-m*-d-!, iv, for
10d) on the blood biochemistry indexes of monkeys. n=
4. xts. "P<0.05 vs before injection.

Blood biochemistry Betore After
Indexes Unit njection injection
ALT usL 35 19 25+ 4°
AST U-L 20 6l 17
ALP UsL 105 £ 44 135 £ 530
BUN mmol-L B.5x22 9514
Crea remal-L 93+ 07 100 + 14
TP oL 8724 087
ALB L 505 B=o
GLU mmol- L 3.9+0.7 40+0.8
T-CHO mmol/ L. 3.60x0.7 ERENN |
T-BIL remol 1L 7.0£2.0 022

cells’™ . Moreover, the mutant hTNFa had much lower

systemic toxicity in mice than wild-type did" . Loetsch-
er ¢f ¢f found that mutant R32W bound 10 murine TNF
receptor with affinities about 1000-fold lower than that of
wild-type hTNFa'*'.
whether M2 really had low toxicity or it was only unable
to affect mice.

In the present study. we first revealed the curative
effect of hTNFa mutant M2 in vive. At the dose of
0.025 mg/kg, M2 had similar antitumor activity with
that of wild-type hTNFa to mouse 5180 and HAC tumors
in mice. Because the systemic toxicity of M2 in mice
was much lower than that of Wild-type hTNFe«, the
xenografted mice could be safely injected with higher
concentration (.25 and 2,5 mg/kg} which was lethal
dose for wild-type h'TNFa. The present results showed
that at the dose of 2.5 mg/kg the inhibition rale of M2
was as high as 65 % — 75 %, a level that wild-type
hTNFe couldn't reach. It suggested that M2 exerted bet-
ter curative effect at higher dose that was safe for mice.

So a question was raised as

Moreover, The curative effect experiments of M2 on
human twmors further demonstrated the potential of the
hTNFe mutant in clinical trails.
man urocyst carcinoma CP-3. M2 presented much higher
antitumor activity than wild-type hTNFe did at the same
dose, with the inhibition rate of 45.5 % and 15.5 % re-
spectively .

Besides R32W-hTNFe, several novel hTNFa mu-
tants which had potent antitumor activity with reduced
toxicity in mice were reported. As Kuroda er of de-
scribed”’,  WTNF  mutant V29 ('SSS*RTPSDK
LBVRISLY had potent antitumor activity with re-
duced toxicity in mice while another mutant RGD-T

In our studies with hu-
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('SSS*'RGDSDK. . . *RR.. . .'®L) showed decreased gas-
trointestinal toxicity. The recently reported combined
mutant RGD-V29 ('SSS'RGDSDK..." VR..."™ L}
showed no hypotensive effects in rats ™, but possessed
more potent antitumor effects than wild-type hTNFe in
syngeneic Meth A-bearing mice and heterogeneic human
lung cancer Mgnu-1-bearing mice' " .

Because human TNF does not bind o the mouse pi5
receptor, LDy, in mice is not enough 1o evaluate all TNF
toxicities to human.  Thus, we examined the toxicities of
TNF in monkeys. TNF can induce anorexia, thermoge-
nesis. and fat and protein mobilization and each of these
factors contributes to the loss of body waighl“J . The in-
volvement of TNF in loss of body weight was reported in
the experiments that animals were injected or infused with
TNF'2 %) |t seemed that h'TNFo mutant M2 didn't pre-
sent the obvious side effect as wild-type hTNFe by ob-
serving its effect 1o body weight of the monkey. The
blood tests also showed that M2 had no effect to the
serum biochemistry index and proved its low systemic
toxicity., Thus, M2 appears to be a low-toxicity mutant
of hTNF that shows preferential activity towards tumors,
and therefore merits further investigation in pre-clinical
and clinical studies.

REFERENCES
1 Bruce B. Tumor necrosis factors; The molecules and their
emerging role in medicine. New York: Raven Press; 1992,
p 237 - 30.

2 Brouckaert PGG, LerouX-Roels GG. Guisez Y, Tavernier J,
Fiers W.  In vive anti-tumor activity of recombinant human
and murine TNF, alone and in combination with murine TEN-
gamma, on a syngemeic murine melanoma. Il J Cancer
986: 38, 763 -9.

3 Brouckaent P, Liben C. Everaerdt B. Fiern W, Selective
species specificity of mrnor necrosis factor for toxicity in the
mouse. Lymphokine Cylokine Res 19925 11: 1930,

A Cerami A. Beutler B. The role of cachectin/TNF in endo-
toxic shock and cachexia. Immunol Today 1988; 9 28 —31.

5 van Ostade X, Vandenabeele P, Everaerdt B, Loetscher H.
Genlz R, Brockhaus M. ef of . Human TNF mutants with se-
lective activity on the p53 receptor.  Nature 1993 ; 361; 266 -
9.

6 Lo F, Liv H, Luo R, Chen CQ. Studies on biolopical prop-
erties of hTNFo multi-site mutants. J Cell Mol Immuncl
2001 17

7 Liu SL, Shi DY. Shen ZH, Wu YD.
on tumor growth and apoptosis of hepatoma cells.
macal Sin 2000; 21, 608 - 72,

8 Loetscher H, Stueber D, Banner D, Mackay F, Lesslauer W.
Human tumor necrosis factor alpha { TNF alpha) mutants with

53-7.
Effects of glutamine
Acta Phar-

exclusive specificity for the 55-kDa or 75-kDi TNF receplors.
J Biol Chem 1993; 265; 2039 - 7.

0 Kuroda K. Mivata K, Shikama H. Kawuagoe T. Mishimurs
K, Takeda K, er af. Novel mutcins of himan wmor necrosis
factor with potent antitumor activity and Tess lethal toxicity in
mice. IntJ Cancer 1995; 03, 152-7.

10 Shikama H, Mivata K. Sakac N, Mitsaishi Y, Nishimura K,
Kuroda K, er al.  Novel mutein of wmuor necrosis fuckor e
(F4614) with reduced hypotensive effect. I Interferon Cy-
tokine Res 1995; 15 677 - 81,

11 Kuroda K. Miyata K, Fujita F, Kaoike M, Fujita M, Nomura
M, et f. Husnan fumor pecrosis factor-u outant RGD-V29
(F1614) shows potent untitumor activity and reduced toxicity
against human tumor xenografted nude puce.  Cancer Lett
20007 139 33 -41.

12 Darling G, Fraker DL, Jensen C. Gorwhboth CM, Norton
JA . Cachectic effects of meombinant huwman tmor necrosis
factor in ras.  Cancer Res 1990 50, 4006 - 135,

13 Grunfeld C. Wilking H, Neese K. Gavin LA, Moser AH.
Gulli R, er a!. Presence of the hypenriglyceridaemic etfect
of tumor necrosis facter despite development of tachyphytaxis
1o its anorectic/cachectic effects in mts.  Cuncer Res 1%

49; 2354 - o

—MHYNAMBFREEF o« REEAFTEMEEE
RiE4AETE

£, BAERRD, M) AE, Bk

(AR R 1 Ay AR O R bl TR
FEm G, [ 200233; PKTR A M HF R B, KR
300193; * R LR B, i 200037, P )

A MR S LR A DR Y
HHit BRE B

BiY. BFF A MRIINIEN £ o (WTNFa) 35 %% %%
M2{ ROK-N30S-RA2W-L157F-WTNFa Y19 a0 7 4 12 i
SR, AE. #/EUA S180 R HAC
SRR A BIAEA D R, TR AR B s CP-3
BABEUMR I, PREEE o BT S AN bl R I L
B WTNFo [ A 28 1A M2, GE#ET 8 7d (AL o
10 d OB R RT R AR R B, ek SR Y
WTNFefl M2 (I 5. bhim f i w8 10 d M
2UHE ST E AR T WTNFe AL B % U 4R M2 TR Pl g,
FFULEE T YT AT A s SR, K A R R
Apdati. R A PR BRI S180 I HAC. 11
0.025 mg/kg G955 SIS B R R M2 KBHL S HF
A B hTNFo MO0 MIBI SO AL, 100 713X -3CIE o M2




ISSNARRS-OTH0  Acta Phamacol Sin + W# R 538 200 hul; 2 (7)
E-mal aps@ mail , shone. ac. cn PhneFux 46-210474-2020 s 623 -

HERERCR) BR L0 A RS DL #E CP-3 B AT U R O HTH F B B NTNFe R X TE /b T Al KE (S180 FI
5.5 %, W WE TFER WINFe 8 155 % . UbSF,  HAC) AL A B (CP-3) BEAE /1 B H A E
M2 AR 0.25 B 2.5 mpskg B, H RN, [GEEReAGREE -3 U5 S HE 2 o

M B d, HP I es Tk 75.9 @ . fip ik

WAETE S a0 45 TLIE B, hTNFe 755k M2 &M S

DA BFE ) RTNFa. 538 WTNFo 37 8% 446 M2 (fTfE%4E ZRHR)




