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Interferons are being used in anticancer therapy for
a long time and often possess relatively high antitumor
activity. Among them the leucocytic α-2b-interferon
(IFN) is the most studied one and is successfully used
for therapy of skin and ocular melanoma, renal, blad-
der, ovarian and breast cancer, Kaposhi’s sarcoma,
myeloma, chronic lympholeukosis etc [1]. Along with
registered cases of complete tumor regression upon
IFN monotherapy (renal and bladder cancer), in many
cases the absence of therapeutical effect has been
observed and its reasons remained unstudied till now.

The perspective way to increase biological activity of
proteins is to perform their chemical modification — acy-
lation or alkylation. For example, the treatment of hu-
man albumin with succinic or aconytic anhydride signifi-
cantly alters its properties: it acquires potent antiviral
properties due to increased affinity to viral surface pro-
teins [2]. It has been shown that the affinity of the protein
to its receptor alters dependent to level of acylation: for
example, partial acylation of immunoglobulins with suc-
cinic anhydride causes 4–8-fold increase of their spe-
cificity and sensitivity [3–4]. That’s why it looks reason-
able to carry out the study of antiproliferative activity of
IFN in dependence of its acylation level. For that pur-
pose acylation of IFN with aconitic and succinic anhy-
drides was performed and activity of modified IFNs was
studied in vitro on ÑàÎv (human ovarian adenocarci-
noma) and SW-480 (human rectal cancer) cell lines.

For synthesis of acylated derivatives of recombinant
α-2b-interferon, Laferon preparation (Biolek, Kharkiv,
Ukraine) and anhydrides of succinic and aconitic acids
(Aldrich-Sigma, USA) were used. Acylation of IFN was
carried out in slightly-alkaline medium by addition of dif-
ferent anhydride dilutions to water solution of IFN ac-
cording to calculation presented in Tables 1 and 2. The
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termination of the reaction was controlled by alteration
of molecular weight of derivative by method of impulse
PAAG electrophoresis using control nonacetylated prep-
aration [5]. Gels were silver stained by method [6]. Mod-
ified IFNs were purified by chromatography on Sepha-
dex G-25, aliquated aseptically and stored at –20 °Ñ.
Their antiproliferative activity was studied on ÑàÎv cell
line highly sensitive to IFN in vitro (obtained from Muse-
um of Cultures of I.I. Mechnikov Institute of Microbiology
and Virology AMS of Ukraine, Kharkiv, Ukraine) and SW-
480 cell lines with low sensitivity to IFN in vitro (obtained
from National Cancer Institute, Lyon, France). Cells were
routinely cultured in DMEM (Aldrich-Sigma, USA) sup-
plemented with 10% FCS (Institute of Experimental and
Clinical Veterinary Medicine, Kharkiv, Ukraine) and
50 µg/ml gentamycine (Aldrich-Sigma, USA) at a den-
sity 104 cells/cm2 in 96-well plates (Bayer, Germany) at
37 °C in athmosphere of 5% ÑÎ2. The sensitivity of cell
cultures to IFN was evaluated by level of inhibition of cell
growth upon treatment with IFN.

Index of antiproliferative activity (IAPA) of IFN (%) was
calculated as a relation of number of alive cells per ex-
perimental well (+ IFN) to the number of alive cells in
control wells multiplicated by 100 if the number of dead
cells was < 5%. Unspecific cytotoxic effect was evalu-
ated by tripane blue staining of cells incubated for 24 h
with IFN derivatives. None of derivatives had unspecific
cytotoxicity. Original titer of nonmodified IFN was
2.5 · 103 ÌU/ml; IFN and its derivatives were added at a
medium dose 1000 U/ml (0.05 µl/well); acylated IFN was
added according to calculation of protein concentration
(2.5 · 108 ÌU/mg protein). Cells were incubated with IFNs
for 72 h, and each 12 h the number of alive cells was
evaluated with by light microscopy using staining with
azur-eosine and Goryaev’s chamber.

IFN is a protein with molecular weight of 18 kD con-
taining 8 lysine and 3 histidine residues [7] that may be
acylated by succinic and aconytic anhydrides. 7 free
lysines are placed on the surface of molecule (Fig. 1) and
are performing the buffer functions. Receptor’s area (lower

Exp Oncol 2003
25, 4, 292-294



Experimental Oncology 25, 292-294, 2003 (December) 293

part of IFN on the Fig. 1) contains only 1 lysine and 1
hystidine residue inaccessible for acylation. Histidine res-
idues from the regulatory area of IFN (upper part on Fig.
1) are involved in formation of the inner structure of the
molecule and are inaccessible for acylation due to steric
obstacles. However, hydroxyl groups of threonine and
serine as well as sulphhydryl aminoacids may be acylat-
ed, but those types of acylation have been prevented by
performance of the reaction in the slightly alkalinized me-
dium. At ðÍ > 7.5 the deprotonization of free aminogroups
of lysine is occuring, and lysines are more potent nucleo-
philes than hydroxyl and sulphogroups. Thereby upon
perfect calculation of IFN/anhydride relation, one may re-
ceive 7 derivatives that contain from 1 to 7 acylated lysine
aminogroups. The relation of reagents and the results of
analysis for synthesized succinylated or aconitylated IFN
derivatives are presented in Tables 1 and 2. One may
see that calculated and determined weights are similar
thus proving the completion of reaction of acylation for
both types of IFN derivatives.

The antiproliferative activity of AIFN and SIFN has
been studied in vitro in cell cultures of CaOV and
SW-480 lines (Fig. 2, 3). In the case of highly sensitive
to IFN CaOV cells, acylation of 1 lysine residue by suc-
cinic anhydride results in 3.2-fold increase of IAPA, of
2–5 lysine residues — in gradual decrease of IAPA, of
6 lysine residues — in elimination of antiprolifertive ac-
tivity. Acylation of 1 lysine residue by aconitic anhy-
dride results in the 3.6-fold increase of IAPA, but anti-
proliferative activity steadily decreases upon increase
of the number of acylated residues. In the case of low
sensitive SW-480 cells, unmodified IFN possessed no
antiproliferative activity, while the highest one was re-

gistered for derivatives with 3 acylated lysine residues;
IAPA of AIFN with 3 acylated lysine residues was by
16% higher than that of SIFN with 3 acylated lysine
residues. IAPA of SIFN with 3 to 5 modified residues
was stable, but in case of AIFN that index has been
gradually decreasing. The antiproliferative effect of acy-
lated IFNs reached its maximum in 12 h of incubation
and didn’t alter during next 60 h.

In conclusion, acylation of 1 lysine residue in IFN
molecule with cis-aconitic or succinic anhydrides re-
sults in 3–3.5-fold increase of its antiproliferative ac-
tivity toward ÑàÎv cell line. Acylation of IFN widens its
antiproliferative activity spectrum and allows to reach
maximal value at 12 h period of incubation with both
sensitive and unsensitive cultured cells. The highest

Table 1. Analysis of succinylated IFN derivatives 

Mr, Da Mole relation 
IFN/anhydride 

Rf 
Calculated Determined 

1 : 1 0.490 ± 0.005 18 359 ± 10 18 360 ± 50 
1 : 2 0.462 ± 0.005 18 458 ± 10 18 460 ± 50 
1 : 3 0.460 ± 0.005 18 557 ± 10 18 560 ± 50 
1 : 4 0.456 ± 0.005 18 656 ± 10 18 655 ± 50 
1 : 5 0.442 ± 0.005 18 755 ± 10 18 750 ± 50 
1 : 6 0.440 ± 0.005 18 854 ± 10 18 855 ± 50 
1 : 7 0.436 ± 0.005 18 953 ± 10 18 920 ± 50 
0 (Control — IFN) 0.492 ± 0.005 18 260 ± 10 18 250 ± 50 

Table 2. Analysis of aconitylated IFN derivatives 

Mr, Da Mole relation 
IFN/anhydride 

Rf 
Calculated Determined 

1 : 1 0.489 ± 0.005 18 280 ± 10 18 300 ± 50 
1 : 2 0.463 ± 0.005 18 457 ± 10 18 470 ± 50 
1 : 3 0.461 ± 0.005 18 555 ± 10 18 580 ± 50 
1 : 4 0.455 ± 0.005 18 634 ± 10 18 640 ± 50 
1 : 5 0.443 ± 0.005 18 754 ± 10 18 760 ± 50 
1 : 6 0.441 ± 0.005 18 857 ± 10 18 860 ± 50 
1 : 7 0.438 ± 0.005 18 956 ± 10 18 980 ± 50 
0 (Control — IFN) 0.492 ± 0.005 18 260 ± 10 18 250 ± 50 
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Fig. 2. Index of antiproliferative activity of IFN derivatives toward
ÑàÎv cells

Fig. 1. Structure of α-2b-interferon by data of X-ray-structural
analysis (on line public database of National Library of medicine
USA, www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Structure?
1RH2). Lysine, histidine and arginine residues are marked in black
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Fig. 3. Index of antiproliferative activity of IFN derivatives toward
SW-480 cells
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antiproliferative activity against SW-480 cells is regis-
tered for IFNs modified by 3 lysine residues via aconi-
tylization or succinylization. So, aconitylated and suc-
cinylated IFNs may be considered as perspective anti-
proliferative agents; however, their properties should
be intensively tested in vivo.
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Öåëü: èññëåäîâàòü àíòèïðîëèôåðàòèâíóþ àêòèâíîñòü àêîíèòèëèðîâàííûõ è ñóêöèíèëèðîâàííûõ ïðîèçâîäíûõ
ðåêîìáèíàíòíîãî ααααα-2b-èíòåðôåðîíà (ÈÔÍ). Ìåòîäû: àöèëèðîâàíèå ÈÔÍ áûëî ïðîâåäåíî ñ èñïîëüçîâàíèåì
àíãèäðèäîâ ÿíòàðíîé è àêîíèòîâîé êèñëîò; àíòèïðîëèôåðàòèâíóþ àêòèâíîñòü ïðîèçâîäíûõ èññëåäîâàëè in vitro
ñ èñïîëüçîâàíèåì êëåòîê ëèíèé CaOV è SW-480, âûñîêî- è íèçêî÷óâñòâèòåëüíûõ ê ÈÔÍ ñîîòâåòñòâåííî.
Ðåçóëüòàòû: àöèëèðîâàíèå 1 ëèçèíà â ìîëåêóëå ÈÔÍ öèñ-àêîíèòîâûì èëè ÿíòàðíûì àíãèäðèäîì ïðèâîäèëî ê
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êëåòîê ëèíèè SW-480 íàèáîëüøóþ àíòèïðîëèôåðàòèâíóþ àêòèâíîñòü ïðîÿâèëè êàê àêîíèòèëèðîâàííûå, òàê è
ñóêöèíèëèðîâàííûå ïðîèçâîäíûå ÈÔÍ ñ 3 çàìåùåííûìè îñòàòêàìè ëèçèíà. Âûâîäû: àöèëèðîâàííûå ÿíòàðíûì
è àêîíèòîâûì àíãèäðèäîì èíòåðôåðîíû ìîæíî ðàññìàòðèâàòü êàê ïåðñïåêòèâíûå àíòèïðîëèôåðàòèâíûå ñðåäñòâà.
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