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SYNTHESIS OF THE ENSEMBLES FROM SUCCINYLATED INTERLEUKIN-2
DERIVATIVES AND THEIR BIOLOGICAL ACTIVITY IN VITRO

© A. V. Martynov, B. S. Farber, S. B. Farber, T.V. Kabluchko

Purpose: The biological activity (direct anticancer action in vitro) of combinatorial IL-2 succinylated deriva-
tives was examined. Acylation of IL-2 was performed using succinic anhydride with various levels of acylation,
with the formation of a complex assembly of many derivatives (self-assembled quasi-living structure).

Methods: In the study, we used recombinant interleukin-2 (IL-2) (Ronkoleukin, Russia) in oxidizing form and
other reagents from Sigma-Aldrich and Fluka (USA). For acylation, recombinant IL-2 in the form of a matrix
fluid with a protein concentration of 0.6 mg/ml was used. The IL-2 matrix solution was brought to a pH of 8.0
through the addition of a 0.01 % solution of sodium hydroxide. The synthesized ensemble of succinyl-IL-2 was
analyzed using the capillary gel electrophoresis method in an Agilent-2100 bioanalyzer. The molecular masses
of the synthesized ensemble were established in comparison to standard samples of low-molecular proteins with
known molecular masses that were part of the bioanalyzer’s collection. The additional negative charge of the
modified IL-2 was determined by a FPLC (Fast Protein Liquid Chromatography) system from Pharmacia
(Woerden, Netherlands). CTLL-2, a murine IL-2-dependent cell line, was obtained from Biokontrol (Kiev,
Ukraine). These responding cells were used in proliferative assays comparing the activity of the IL-2 and suc-
cinylated IL-2 derivatives to the WHO International Standard. For statistical data analysis, the one-way ANOVA
was used.

Results: After treatment with Suc-IL-2, BTL were studied in vitro on the CTLL-2 cell line, dose-dependently, in a
BTL induction reaction. The highest level of biological activity in acylated IL-2 was observed in Suc-IL-2 with
four modified lysine residues. In conclusion, succinylated IL-2 with four substituted lysines may be useful as a
prospective anticancer agent.

Conclusions: Ten-fold increase in the biological activity of IL-2 was observed after partial succinylation. This
phenomenon can be used in the further IL-2 drugs biotechnological development for increasing the concentra-
tion of the main active substance in medicinal form.

Keywords: Agilent-2100, bioactivity, succinylated interleukin-2, high-performance liquid chromatography, re-
combinant interleukin-2.

Mema: docnioumu 6io102i4Hy AKMUGHICMb KOMOIHAMOPHUX CYKYUHULLOBAHUX NOXIOHUX inmepaeukiny-2 (IL-2).
Ayuniosanns 3 pisHumu cmyneuamu ayuntoéanus IL-2 npoeoounu 3 6UKOpucmanHam 6ypumuHo6020 aneiopuody,
3 YMBOPEHHAM CKIAOH020 anHcamoOnio i3 6a2amvox noXioHux (Keazi-sicuea cmpykmypa, 30amua 00 camoopeaui-
3ayii).

Memoou: YV Oocnioscenni suxopucmosysanu pexombinanmuuii inmepnetixin-2 (IL-2) (Ronkoleukin, Pocis) ¢
okucHeHiu gopmi ma inwi peacenmu Sigma-Aldrich i Fluka (CLLA). /{na ayuniosanns uKopucmosgysanu pexo-
mbinanmuuil IL-2 y euennoi mampuynoi piounu 3 konyenmpayiero oinka 0,6 me/mn. Mampuunuii pozuun IL-2 6ye
dosedenuii 00 pH 8,0 winaxom doodasanns 0,01 % pozuuny ciopoxcudy nampito. Cunme3068anuil ancamonb CyKyi-
nin-1L-2 ananizysanu 3a 0onomo2oio kaninapnozo 2eiv-enekmpogopesy na npunaoi Agilent- 2100 Bioanalyzer.
Monexynapui macu cunme308aHo20 aHcamouo AHANI3YEANU Y NOPIGHAHHI 31 CIMAHOAPMHUMU 3PA3KAMU HUZLKO-
Mmonekynsaprux 6inxie Bioanalyzer (Ladder). [Jooamkosuii necamushuil 3apso moougpikoeanozo IL-2 eusnauanu
3a donomozoio FPLC (weuokoi piounnoi xpomamoepagpii npomeinie) cucmemu 6io Pharmacia (Woerden, Hi-
oepaanou). CTLL-2, muwaua IJI-2-3anedxcna kiimunna ninis, 6yna ompumana 3 Biokontrol (Kuis, Yxpaina). L]i
KAImMunY 0y1u UKOPUCMAHI 8 aHanizi pignio npoaigepayii (peaxyis dracmuoi cmpancgopmayii abo BTJI) 6 no-
pienanni axmuenocmi IL-2 i cyxyununvosanux noxionux IL-2. /[na cmamucmuunozo ananizy oanux 6y8 suKopu-
cmaHull OUCnepCiiHull ananis.

Pesynemamu: xnimunna ninis CTLL-2 6yna obpobaena pisnumu xonyenmpayiamu noxionux Suc-1L-2. Haiieu-
wutl pisens 6ionoeiunoi akmusnocmi mag Suc-1L-2 3 vomupma moougixoeanux 3aruwikie nizumny. Taxum yunom,
CYyKyununbogane noxione IL-2 3 yomupma samiwyeHuMu 3a1umKamu 1i3uny moxce bymu eukopucmane 6 po3poo-
Yi MAuOYMHIX IMYHOMPONHUX RPOMUPAKOBUX 3ACO0IS.

Bucnoexu: Jlecamukpamue 30invuenns 6ionoeiunoi axmuenocmi IL-2 cnocmepicanocs nicisi 4acmko8020 CyK-
YuHUIIOGAnHA 1020 cmpykmypu. Lle asuwe mooicna eukopucmogysamu 8 po3poodyi HOGUX OiOMEXHON02IYHUX
npenapamie Ha 0CHOGL NOXIOHux IL-2 0ns 3menwenHs KOHyeHmpayii OCHOBHOT aKMUGHOI peuosUHU 6 NIKAPCLKIll
Gopmi npu miil sice 6iONOCIYHIT AKMUBHOCIT MA OJ1 PO3ULUPEHHST CNEeKMPY AKMUGHOCMU [HMEPACUKIHY -2
Kniouosi crosa: Agilent-2100, bionoziuna akmusnicms, CYKYuHUAbOBAHUN THMEPACUKIH-2, BUCOKOeHEKMUBHOT
piouHHOI Xxpomamoecpaii, pekoMOIHaHMHUL IHMepPAeUKiH-2
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1. Introduction

The biological activity (direct anticancer action in
vitro) of combinatorial IL-2 succinylated derivatives was
examined. Acylation of IL-2 was performed using suc-
cinic anhydride with various levels of acylation, with the
formation of a complex assembly of many derivatives
(self-assembled quasi-living structure).

2. Formulation of the problem in a general
way, the relevance of the theme and its connection
with important scientific and practical issues

Unlike antimicrobial drugs, there are almost no
antiviral drugs on the pharmaceutical market. This is
notwithstanding the fact that more than 90 % of animal
pathology is connected with viruses. In many cases, anti-
viral drugs have many side effects that are very difficult
to correct (e. g., ribavarin with hepatitis C). Viruses are
able to very quickly adapt to drugs that have long been
used in the population and to newly created drugs (for
example, Acyclovir). We have addressed these problems
through substituting the classical, precisely conservative
structure of antiviral drugs for a dynamic, self-organizing
system made of peptide molecules that are similar to but
ultimately different from each other. The synthesized pep-
tides have the properties of molecular robots; that is, they
aggregate into a biologically active supramolecular com-
plex when they have reached the target. A multi-surplus
quantity of fragments is introduced into the organism.

3. Analysis of recent studies and publications in
which a solution of the problem and which draws on
the author

For example, recombinant interferons and inter-
leukins have long been successfully applied in medicine
and pharmaceutics [1, 2]. The effect of prolonging inter-
feron action of using chemical modification through
pegylation has long been known [3]. Earlier, it was
shown that the partial chemical modification of an inter-
feron results in an increase in its antiproliferative activity
[4]. The basic parameters of quality of the succinylated
protein analysis are molecular weight and a change in
charges [5].

4. Allocation of unsolved parts of the general
problem, which is dedicated to the article

IL-2 [6, 7] is a 133 amino acid protein that is used
clinically for cancer immunotherapy [8, 9]. The initial clini-
cal studies of IL-2 evaluated natural and recombinant prepa-
rations [10]. When these studies were initiated, there was not
a uniform standard for calibrating the various IL-2 prepara-
tions. Each preparation was calibrated against an "in house"
standard [11], and individual companies defined their own
units of IL-2. The International Standard for IL-2 was estab-
lished in 1988 [6]. This standard is available in lyophilized
form, 100 1U/vial, to calibrate and standardize other various
IL-2 preparations. An IU is defined as the amount of 1L-2
that induces 50 % of the maximal proliferation of an estab-
lished 1L-2-dependent cell line.

5. Formulation of goals (tasks) of Article
The purpose of the study was to synthesize a se-
ries of IL-2 succinylated derivatives with different
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degrees of succinylation. The change in its structure
correlates to the changes in molecular weight, charge,
and ability to induce lymphocyte proliferation (dose-
dependent).

6. Statement of the basic material of the study
(methods and objects) with the justification of the results

In the study, we used recombinant interleukin-2
(IL-2) in oxidizing form, succinic anhydride (Fluka,
USA), and other reagents from Sigma-Aldrich (USA).

The synthesis and purification of IL-2 derivatives
with different degrees of succinylation were carried out
in accordance with [4].

For acylation, recombinant IL-2 (Ronkoleukin,
Russia) in the form of a matrix fluid with a protein con-
centration of 0.6 mg/ml was used. The IL-2 matrix solu-
tion was brought to a pH of 8.0 through the addition of a
0.01 % solution of sodium hydroxide. Succinic anhydride
from Fluka was used as an acylating agent. Acylation
was conducted at room temperature under aseptic condi-
tions through adding a solution of succinic anhydride
(SA) in dioxane in the corresponding ratio (Table 1). The
solution was incubated for 30 minutes, diluted with water
until a theoretical titer of 3 million IU in 1 ml was
reached (in 1 ml of matrix solution with a protein con-
centration of 0.60 mg/ml, 180000000 IU of interferon); it
was poured into ampoules and lyophilized in order to
remove the dioxane from the drug.

The synthesized ensemble of succinyl-I1L-2 was
analyzed using the capillary gel electrophoresis method
[12] in an Agilent-2100 bioanalyzer. The molecular
masses of the synthesized ensemble were established in
comparison to standard samples of low-molecular pro-
teins with known molecular masses that were part of the
bioanalyzer’s collection.

The additional negative charge of the modified
IL-2 was determined by a FPLC (Fast Protein Liquid
Chromatography) system from Pharmacia (Woerden,
Netherlands), using a mono-q anion exchange column
from Pharmacia. Buffer A was a 0.02 M TrisHCI buffer
(ph=7.4) and buffer B consisted of buffer A plus 1 M
NaCl. Elution was carried out at a rate of 0.25 ml/min,
using a gradient of 100 % A to 100 % B in 30 minutes.
The samples of the substance to be investigated were dis-
solved in the amount of 1 mg/ml in buffer A, and 100 ul
were injected into the FPLS system. The Millichrom-AQ2
chromatograph was also used as equipment for this study.

CTLL-2, a murine IL-2-dependent cell line, was
obtained from Biocontrol (Kiev, Ukraine). These re-
sponding cells were used in proliferative assays compar-
ing the activity of the IL-2 and succinylated IL-2 deriva-
tives to the WHO International Standard. This standard is
the WHO 1st International Standard for IL-2 (human)
86/504, obtained from the BRMP of the NCI®. The
CTLL-2 cells were cultured at 8x10%well with dilutions
of IL-2-derivatives or IL-2 standard for 20 h. All prolifer-
ative assays were cultured at 37 °C with 5 % CO,. The
Packard Filtermate 196 was used to harvest the cultures.
The ECx, the effective concentration necessary to induce
50 % of the maximal proliferation, was calculated using
MS Excel and then converted to IAU/mg, international
activity units per 1 mg of protein.
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For statistical data analysis, the one-way ANOVA
was used [13].

Structure [14] of the IL-2 dimer obtained by X-
Ray analysis is presented in Fig. 1.

IL-2 is an acidic protein (with a molecular weight
of 15300 Da), containing 7 lysines and 2 histidines. Sev-
en lysines and one histidine are accessible for acylation.
The second histidine is inside the molecule and is not
accessible for acylation. In the structure, there are also 3
aspartic and 12 glutamic acids, which cause an excessive
negative charge of —4 on the native molecule.

Fig. 1. IL-2 dimer structure obtained by means of x-ray
analysis, PDB ID: 1MA4C [14]

Thus, it is possible to synthesize eight succinylat-
ed derivatives of 1L-2. All the derivatives are combinato-
rial 1L-2 derivatives; that is, they are mixtures of IL-2
derivatives with various amino group substitution levels,

from 0 to 8. For further studies, a protein monomer was
used with a molecular weight of 15300 Da (determined
by HPLC). The medicinal form also contains a lighter
protein with a molecular weight of 13000 Da. Only the
fraction with a molecular weight of 15300 Da was used
in the studies.

The results are presented in Table 1 and Fig. 2 and 3.

Fig. 2 shows an electrophoretogram of the divi-
sion of the initial IL-2 with the establishment of the
components’ molecular mass, obtained using an Agilent-
2100 biocanalyzer. In capillary electrophoresis, a division
occurs of the denatured and reconstituted form of the
protein; division does not depend on the protein’s tertiary
structure. Accordingly, the initial IL-2 consists of two
isomers with similar molecular masses; it is 97 % of the
basic substance. The dual-band data is characteristic of
all the medicinal forms of I1L-2 and matrix solutions; thus
the protein used for modification is in compliance with
the requirements for pure interleukine-2.

As may be seen in Table 1, the difference in the
molecular masses between the initial, unmodified 1L-2
and the derivatives with one and two substituted groups
is significantly insignificant, while the change to their
charges is significant (P<0.05). For derivatives with three
to five substituted groups, the differences in both mo-
lecular masses and charges were significant and indicated
that the acylation reaction had occurred and been com-
pleted. A similar picture is also seen for derivatives with
six to eight substituted groups: the change in charge and
molecular masses is significant. Accordingly, a conclu-
sion may be drawn on the conclusion of the acylation
reaction by the change to the molecular masses in all
cases except with derivatives with one and two substitut-
ed groups. The insignificance of the changes in those two
cases is caused by the insignificant changes in the mo-
lecular masses. At the same time, the change to the
charges of the molecules in absolutely all of the deriva-
tives are significant, which bears witness to the comple-
tion of the reaction.

The biological activity of IL-2 is represented in
international activity units per 1 mg of protein (IAU/mg).
Nine combinatory IL-2 derivatives were studied, of
which one derivative was not initially modified (acyla-
tion index=0). The activity of each sample was verified
seven times (Fig. 4).

Table 1
Reagent Ratio and Properties of Succinylated IL-2 Derivatives
Molar Ratio of Reagents, Succinic Molecular Weight, Da Molecular Charge
Anhydride: 1L-2 Calculated Determined Calculated Determined
1:1 15402+100 15400+300 5+1 Sk H*
2:1 15504+100 15500+£310 61 SE1**
3:1 15606100 15600+£310%** 7+1 8+2%
4:1 15708+100 15700+£330%* 8+1 8+2%
5:1 15810100 15800+330%* 9+1 10£2*
6:1 15912+100 15900+330* 10+1 10+£2%*
7:1 16014+100 16000+360%* 11+£1 114£2%
8:1 16116100 16100+360* 12+1 11£2%
0:1 (control) 15300+100 15200+200 4+1 3+1

Note: * — P<0.01; ** — P<0.05; n=6 (for molecular weight detection); n=7 (for charge detection)
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Fig. 2. Chromatogram of the separation of mixtures of succinylated IL-2 proteins into their components with the use of
capillary gel electrophoresis in an Agilent-2100 biolanalyzer (Protein-80 chip) and the separation of the acylated
ensemble with two substituted groups (X axis: molecular mass of the proteins in kDa)
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Fig. 3. Chromatogram of the separation of mixtures of succinylated IL-2 proteins into their components with the use of
capillary gel electrophoresis in an Agilent-2100 biolanalyzer (Protein-80 chip) and the separation of the acylated
ensemble with two substituted groups (X axis: molecular mass of the proteins in kDa)
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Fig. 4. Dependence of biological activity on the Suc-1L-2 acylation index:
* |AU/mg - international activity unit in 1 mg of protein, (P<0.01)
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A hypothesis on differences between the samples
was checked using the one-way ANOVA method, in
which the comparison group was the activity of the non-
modified derivative. For all of the groups studied, the
differences in the activity level from the non-modified
derivative were statistically significant (P<0.01).

The Suc-IL-2 derivative with 4 substituted lysines
had the greatest activity. The activity of the IL-2 with
4 substituted lysines is more than ten times higher than
the nonacylated derivative.

7. Findings from the research and prospects of
further development of this area

IL-2 activity decreases gradually, not sharply,
with an increase in the degree of molecular acylation.
This fact indicates that high molecular acidity is not a
necessary requirement for biological activity, and that
even a completely substituted derivative displays biolog-
ical activity similar to that of native IL-2.

In conclusion, a ten-fold increase in the biological
activity of IL-2 was observed after its partial succinyla-
tion. This phenomenon can be used in the further bio-
technological development of IL-2 drugs for increasing
the concentration of the main active substance in medici-
nal form.
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AHAJII3 ®PAPMAIEBTUYHOI'O PUHKY HOOTPOITHUX 3ACOBIB B YKPATHI

© 0. B. Cageasesa, I'. C. lllymosa, I. M. Biragumuposa

3axseoprosannsa nep8ogoi cucmemu nocioaroms ooHe 3 NPOBIOHUX MiCYb Y CMPYKMYPI 3aX80pI0SAHOCMI MA cMe-
pmuocmi 6 ycoomy ceimi. 3a danumu BOO3, oauszvro 30 % nacenenns pe2yisipno nputimarome HeUpomponHi 3a-
cobu. /[na ocib nimuboeo 6iKy, uus NUMoOMa YACMKA 8 CYYACHOMY CYCNilbCIMGI HEYXUIbHO 3POCMAE, Yell NoKd3-
Hux cxnadae oauzvka 50 %. Ilpome cio i03navumu i 30i1bUeHHsI 4ACMOMU 3aX80PIOBAHOCHI HEPBOBOI cucme-
MU iy 0cib Mon00020 6iky. Jani ghakmu ceiouamo npo akmyaibHiCmb ma 3ampedyeanicmo JKAPCoKUX 3acooie
O0awoi’ epynu, 30Kkpema, HOOMPONHUX Npenapamis, AKi Hauyacmiue 3acmoco8yiomsvCs Npu NiKY8aAHHI Hep8ogux

3AX60pPI06AHb.

Llinb. Memoro danoi pobomu 6yn0 nposedeHHs aHANIMUYHO20 0210V DaApMaye8muyHoO20 PUHKY HOOMPONHUX

3acobis 8 Yxpaini.

Memoou. Cmamucmuyti i MAPKeMUH208i Memoou 00CHiONHCEHb eleKMPOHHUX | naneposux 0dicepen iHpopmayii.
O6'exm Oocnidicenns — inpopmayis npo 3apeecmposani 8 YKpaini HOOMponHi IIKApcobKi 3acoou.

Peszynemamu. Becmanoeneno, wo simuusmani ghapmayeemuuni npenapamu 3aumarome 57 % punky HOOmMpOnHux
3aco6is. B Yxpaini npedcmaeneni 16 xpain-eupoonuxie noomponuux npenapamis. JocaioxcenHs punky HOOm-
PONHUX npenapamié NOKA3an0, Wo GOHU NPEOCMABeHi @ PI3HUX NIKAPCLKUX Gopmax (mabiemku, Kancyiu, cu-
POonu, ninioi, cycnensii, po3uunu 01 in'ekyil, po3uunu 01 iH@Y3itl, po3uuHu 0Jis NePoPAILHO20 3ACMOCY8AHMH,
NOPOUOK 00308AHULL Y NAKEMAX,), ceped SKUX Nepesadcaioms madiemku.

Bucnosku. Hoomponui npenapamu CUHmMemuyHo20 NOX00JCeHHs nepegadicaroms i satimaioms 87 %, uacmka
pocnunnux 3acobie — 13 %, aKi xapaxmepusyomvcs 0OHOMAHIMHICMIO CKAAOY | npedcmasieni auwe npenapa-
mamu 2iHkeo 6inobda. Pesyrbmamu w000 cniegiOHOWEHHs (hopM 8UNYCKY 3ACEI0YYIOMb, WO POCIUHHI Npenapa-
mu Hoomponuoi Jii Hallbinbwe npedcmasneni y popmi madremox 67 %

Knwuogi cnosa: ananis, papmayeemuunuii punox, Yxpaina, HoomponHi npenapamu, poCiunti 3acoou, HoMeH-

Knamypa npenapamie
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