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Antitumor effects of new~—type recombinant interleukin—2'
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ABSTRACT Two new homan recc_)mbinant
interleukin—-2  (rIL-2). 125-8er—rIL—2, and
125—-Ala—rIL~-2, were generaled by protein engi-

neering technique. Both of them maintained the -

proliferation of natural killer (NK) cells, CTLL-2
cells and their long~—term propagations. ‘The mutated
new rIL—2 also enhanced the bicactivity of NK cells
and the cytotoxicity of tumor—infiltrating lymphocytes
(TIL) against the target tumor cells. The above re-
sults were all compared with that of the native rIL—2
and a similarity between them was found, which indi-
cates that new type rll.—2 could be used for adoptive
immunotherapy of malignant diseases.

KEY WORDS  intedgukin-2; protein engineering;
natural killer cells; tumor—infiltrating lymphocytes;
cultured tumor cells

Interlezkin—-2 (IL—2) is an immuno—
regulatory lymphokine secreted by antigen—
stimulated T cells which can enhance NK
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activity. stimulate its differentiation and
proliferation, induce lymphokine—activated
killer (LAK) cells and tumor—infiltrating
lymphocytes''™, Since native IL—2 from cell
culture is difficult to be obtained and
purified, the study for clinical application of
IL.-2 has been quite limited. Fortunately the
development of recombinant IL—2 (rIL—2) has
greatly changed this situation*®, Native rIL—2
contains 3 Cys, Among them 58—Cys and
105—Cys form a disulfide bond which is neces-
sary for its activity’® ®. The 125~Cys is free
and is liable to mismatch with other Cys. To
prevent this mismatch 125—Cys was substi.
tuted with Ser and Ala by means of protein
engineering in Shanghai Institute of Bioche—
mistry. Chinese Academy of Sciences (CAS)
and two new type of rIl.—2 with 125—Ser and
125— Ala was elaborated. In this report the
biological features, especially the antitumor
effects. of the 2 new rIL—2 were studied and
compared with that of the native one,

MATERIALS AND METHODS

C3H mice, weighing 15.0+ s 0.8 g, were provided
by the Experimental Animal Center of Shanghai
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Medical University (SMU). YAC-1 cells and
CTLL-2 cells were obtained from the Department of
Immunclogy. SMU. H22 ascitic liver cancer cells
were obtained from the Shanghai Institute of Materia
Medica. CAS. Recombinant native rIL-2 was used
as control. Two new types of rIL—2 were made by
site—directed mutation to replace 125—Cys of native
(L2 with Ser or Ala (125-Ser and 125—Ala (11-2).
These 3 kinds of rIL-2 were all produced in the
Shanghai Institute of Biochemistry. They were all of
> 96% purity with specific activity of 1x 107 1U
- mg?'. Human anti—-TIL-2 monoclonal antibody
was provided by the Department of Immunology of
the Institute of Oncology. Chinese Academy of Med-
ical Sciences. RPMI 1640 medium (Gibco—BRL Co}
[PH]TdR (Shanghai Institute of Nuclear Science,
CAS). Nai'CrQ, (Amersham).

NK cell preparation and proliferation™” C3H
mouse splenocyes prepared under aseptic condition.
After the erythrocytes were destroved by Tris—
NH,Cl, cell suspensions were placed on the top of
discontinuous density gradient (composed of &%,
§5%., 50%. 45%. 40%. of Percoll}, and
centrifuged at 400 x g for 25 min. The cells located on
2 interfaces of 45—40% and 50—45% were collected,
washed 3 times, and the cell concentration was ad-
justed 10 1 10° cells - mi™", then rIL—2 was added
(finally to 500 IU- ml'y. Cell growth and
tumoricidal activities were assayed.

Preparation of TIL  Subcutaneous nodules of
tumor from tumor—bearing mice of 10—d inoculating
H22 liver cells were excised out. The tumor explants
removed of necrotic parts were disaggregated into sin-
gle cell suspension (5 107 cells * ml™) by a combina-
tion of mechanical and enzymatic methods. The sus-
pension was then put on Percoll discontinuous density
gradient and centrifuged at 400 x g for 30 min. The
fractions enriched in TIL at interface of 50—55% were
collected, washed 3 times in fresh medivm and count-
ed in a hemacytometer. The TIL—enriched suspen-
sion was cultured under various conditions and its
antitumor activities were assayed,

Inhibition of rIL-2 functions by aoti—rIL-2
monoclonal antibody 100 gl of CTLL~2 cell suspen-

sion (2% 10° cells - ml™'} containing rIL~2200 IU
- mi” was transfered into a 96—well plate, and 100
il of anti~rIL—2 monclonal antibody in different dilu-
tions were added. The cultures were incubated in 5%
CO,, at 37T for 40 h and continued for another 8 h
with 1.85 % 10* Bq of PHthymidine. The cells were
subsequently collected on glass fiber filters with
automated sample harvester, and PHJTdR incorpora-
tion (cpm) was determined using liquid scintillation
method. Samples were assayed in triplicate.
Cytotoxicity test by *'Cr release assay®™  Well~
grown YAC-1 or H22 cells was labeled with
Na'Cr0, (adding 3.7>10° Bqto2x 10° cells) for
2 h. and then washed 3 times. Cell concentration
was adjusted to 1 x 10° cells - ml™’, According to va-
rious ratio of effector 10 target cells were added to the
96—well plates and incubated for 4 h. The
supernatant was collected with convemtional method:
their ¢pm values were measured with a y—counter.
Spontaneous release group (control 1} was target cellsj
with medivm only. and maximal release group (con-
trol 2) was target cells with 2.5% Triton X~100. Ev.
ery group had 3—4 wells.
Killing rate (%)} = (dpm of experiment group
— dpm of control 1) % idpm of control 2 — dpm of con-
trol 17" x 100%.

RESULTS

Effects of the 2 new type of rIL—2 on NK
cell proliferation In the presence of 125—
Ser—rIL-2, 125-Ala—rll-2. or 125—Cys—
rIL—2 (the native one). proliferation of NK
cells was observed. The 2 new rIL—2 had sim-
ilar functions as native rIL-2 (Tab 1). All 3
types of rIL—2 kept the NK cell proliferation,
and incrzased the number of NK cell more
than 5—fold by d 10. There were no signifi-
cant differences among them (P> 0.05).

Effects of anti—rIL-2 antibody against
these 2 mew rIL-2 on CTLL-2 proliferation
Increased anti—rIL—2 monoclonal antiboby
concentration caused a decreased capacity of
rIL-2 for maintaining CTLL-2 proliferation.
When 1:8 dilution of anti—rIL—2 was added,
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Tab 1, Effects of 3 recombinant interleukin—2 (rIL—2) on proliferation of NK—like cells, r=3, xts; °~P>0.05
between every 2 TIL—2 groups; " °P < 0.01 vs control.
Culture time / d ¢ 2 4 6 8 10
Control 15008 6616 53x1.2 43105 46109 3.6%0.5
125—Cys—rIL-2" 15.0+0.8 3013 130108 197120 9.0+ 1.6 79320
125—8er—riL—-21" 150208 1.51205 138421 273035 o6.7Tx23 853£05"°
125-Ala—tlL—-2" 150+ 0.5 73+0.5 126128 213220 62,3205 B3.3x0.5""

Tab 2. Inhibition on abllties of different rIL—2 to propagate CTLL-2 cells by anti—rIL—2 mopocoional antibody

(Mc—Ab). n=3, x*s5;

" £ > 0.05 between every 2 rIL—2 groups;

***P<0.01 vs control.

107* « {*H]Thymidine incorporation of CTLL—2 cells / cpm
Type of rlL=2 0 L 64 132 L: 16 1:8
Control 1.7£0.1 1.6+07 l.éx 1.3 1.7+ 0.6 1.8+07
125—Cys—rlL—-2" 148+ 3.4 11.2+07 24£1.1 49+0.7 21+0.7
125—-Ser—rlL—~2~ 146244 11.220.6 §2+038 5B1.5 1901
125-Ala-rIL-2"* 15.3167"" 123210 B4+Q.6 50207 22+09

the ability of r—1L-2 to propagate CTLL-2
cell had almost been completely inhibjted(Tab
2). The results from 2 new types of rIL—2 and
from native rlL—2 showed no significant dif-
ferences (P> 0.05).

Effects of 2 new generation of rIL—2 on
NK cell activity All 3 kinds of rfIL-2 en-
hanced NK cell activity. Freshly isolated NK
activity was 32.2+ 2.7%. while cultured in the
presence of 125—Cys—rIL-2, 125-Ser—rIL—~
2, and 125—Ala—rlL-2 respectively for 8 d.
it increased 77 £ 4%, 77+ 4%, and 74 £ 5%.
respectively(Tab 3). The 2 new type genera—
Tab 3. Effects of rIL—2 on cytotoxicity of NK—like

cells against YAC—1 cells (K : T=50 : 1). “P>0.05
between every 2 rlL—2 gromps; " P < 0,01 vs freshly

isolated and control groups.

_  Cytotoxicity (*'Cr release rate / %)
Types of rlL~2 Freshly isolated Cultured for 8d
Control 322+27 13.7+ 1.5
125—Cys—rIL-2" 2+27 F13x427""
125—Ser—-rIL-2" 322227 T7.1+247F""
125-Ala—rIL—2" 32.2+27 T42+ 5007

tions rIL—-2 and native rIL—2 were in accor—
dance (P> 0.05).

Augmentation of antitimor activity of TIL
from H22 liver carcinoma by new types of
rIL—2  Freshly isolated TIL showed a very
low cytotoxicity against the autologous
hepatic carcinoma cells {(3.3£04%, K/T =
15/1), but after cultured with rIL—-2 (500
IU- mi™"), the cytotoxicity increased
significantly (80 + 5%, 771 4%, and 80z
4%. respectively). Different types of rIL-2
enhanced the antitumor activity of TIL to the
same extent (P >0.03).

DISCUSSION

For the studies of structure—functions
and the production of better rIL—2 for clinical
use, many mutants and derivaties were pro-
duced and many good results were obtained in
Shanghai Institute of Biochemistry, Chinese
Academy of Sciences. In the present experi-
ments, we have showed that the new type
recombinant interleukin 2 (rIL-2) produced
by gene mutation has the same bioactivites as
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native rIL—2. That is to say. muiation
hadn’t affected the abilities of fIL—2 to induce
cytotoxicity of NK cells and TILs against tu-
mor cells which up to day are the most impor-
tant effectors in adoptive immunotherapy for
malignancies * ', Considering the advan-
tage of the new type recombinant rIL—2 which
includs good solubility, good stability and
easy to refold (data not shown}), we suggest
that the new type rIL-2 would be more suita-
ble than native rIL-2 in the adoptive
immunotherapy of cancer.

The similar inhibitory activity of
Anti—rIL-2 antibody on both native rIL-2
and new type rIL—2 demostrates that mutation
doesn’t change the antigen determinant
either. It perhaps help elucidate that new type
rIL—2 wouldn’t cause more side—effects such
as immuno—complex reaction than native
rIL—2 when used in treatment of cancer. _

We are currently preparing for clinical tri-
al to investigate the application of the new
tvpe rIL-2 in adoptive immunotherapy of
maligancies in vivo.

REFERENCES

1 Suzuki R. Handa K, Iwh K. Kumagai K. Nalural
killer (NK) cells as a responder lo interlenkin 2 (1L~2);
1. Proliferative response and establishment of cloned
cells. Jimmural 1983; LM : 981-7.

Ramsdell FJ. Shau H. GolubSH. Role of proliferation

i LAK cell development. Cancer Immunol Immunother

1988; 26 : 135—44,

3 Rosenberg SA, Lafreniere R. A new ap
proach Lo the adoptive immunotherapy of cancer with
tumor—infiltrating lymphocytes, 1986, 233 :
1318~21,

4 Rosenberg 3SA.
Interleukin 2: current slatus and future prospects.
Immunology Today 1988. 9(2) . 58-62.

~

Spicss P,

Science

Immunotherapy of cancer using

A

5 Tsujp T. MNakagawa R, Sugimoto N. Fukuhara K-1.
Characterization of disulfide boods in recombinant pro-
teins: reduced human ioterleukin 2 in inclusion bodies
and its oxidative réfold.ing. Biochemistry 1987 26 :
3129-36.

6 Gustavson LE. MNadeau RW. Oldfield NF.

Pharmacokinetes of teceleukin (recombinant human

interleukin=2) after intravenous or subcutaneous admini-

stration of patients with cancer. J Biol Response Mod

1989: 8 : 440-9.
7 Timonen T. Reynolds CW, Ortaldo JR., Herberman
RB. lsaolation of human and rat natral killer cells. J

Tmmunol Methods 1982, 51 : Z69-—77.

8 Merluzzi V). Comparison of murine lymphokine acti-
valed killer cells, natwral killer cell, and cytotoxic T
lymphocytes. Cell Immuna! 19851 95 : 95104,

9 Karpati RM, Banks SM. Malissen B. Rosenberg SA,

Sheard MA. Weber IS, Phenotypic

characlerization of murine tumor—infiltrating T

lymphocyles. Jimmunel 1991, 146 @ 2043-51.

Higashi N, WNishimura Y. Higuchi M. Osawa T. Hu-

man monacytes 1o a long—term culture with interlenkin—2

show high tumoricidal activily against various tumor

cells. J fmmunpther 1991, 10 : 247-35,

36 -¥17
R S B 2 TSR

Lpm? nAEFakt, kzm
(EBERIFREESNE, # 200032, FE)
FEVERF., RER, RaAS n#e
(¢Eﬂ¥ﬁhiﬁ£§?{t¥ﬂ%ﬁ. - # 200031, FhHE)
-

nE HEE;_ﬁﬁEﬁ%ﬁﬂEﬁEﬂ!ﬂﬂ'i
CIL-2) fr e 5. PSP FEY -2
125-Ser—rIL—2 1 125-Ala-rIL-2 BIEER I NK
ek CTLL-2 ffei¥m B 518, XEERT#
orll-2 A RRESEE, HE L2 B ENE
NK fiRin g, F2FEEFH3HE KT R
(TILY RS, &% BAS R cIL-2 A0 Sa ik
SRR L2 Xh 8. 9B FRmeitisy.

et al

10

e
XRA BEBRNTE S FAORTRE XABRGS
R, BhsEiRimvEE MR R M

RN


http://www.cqvip.com

