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The conditions under which complexes are formed between tumor necrosis factor-a and

)

-macroglobulin are examined in different molar ratios of ingredients with subsequent

isolation of formed complexes using gel-filtration and testing of their cytotoxic activity. It
is found that tumornecrosis factor-a binds with the activated (F-form) but not with the
native (S-form) a,-macroglobulin and the optimal molar ratio is about 2:1. The cytotoxic
activity of such complexes is twice the baseline cytotoxic activity of free tumor necrosis

factor-a.
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Two forms of the protease inhibitor a,-macroglobu-
lin (a,-MG) [1], the S-form (Slow) and F-form
(Fast), have recently been shown to be able to form
complexes with interleukin-1, interleukin-2, inter-
leukin-6, tumor necrosis factor-a (TNF-a), defen-
sins, and other biologically active polypeptides [2-7],
but the biological activity of the complexes has been
not systematically examined, although there are data
on a changed activity of these molecules in complex-
es with a,-MG {5].

Most of the studies of which we are aware deal
only with the fact of o,-MG binding with biologi-
cally active molecules, mainly with the use of radio-
actively labeled forms, which can result in confor-
mational changes of these molecules and affect the
intensity of complex formation with a,,-MG when an
iodine label is used.

The aim of the present study was to investigate
the interaction of S- and F-forms of «,-MG with
recombinant TNF-a without radioactive label and to
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compare the cytotoxic activity of complexes with the
activity of the initial TNF-a.

MATERIALS AND METHODS

To isolate o,-MG we used a new technique we de-
vised of “gentle” freeing of fresh donor blood plas-
ma. The procedure included gel-filtration of whole
citrate plasma on a TSK-60 HW column of 2.5%80
cm and rechromatography of concentrated o,-MG
preparation. The last step consisted of ion-exchange
chromatography on diethylaminoethyl cellulose. The
purity of the preparation was no less than 95% ac-
cording to polyacrylamide gel electrophoresis and its
yield was 50-55%. Since the procedure of o,-MG
sedimentation by ammonium sulfate and polyethyl-
eneglycol was absent, practically all the obtained a,-
MG was in the S-form, as was confirmed by elec-
trophoresis. The amount of o,-MG in purified prepa-
rations was assessed both according to protein (Lowry
method) and according to the proportion of trypsin
added in excess, which bound with «,-MG at a
molar ratio of 2:1. Bound trypsin was detected by
the rate of its catalyzed N-benzoyl-L-arginine-para-
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TABLE 1. Cytotoxic Activity of Pools of High- and Low-Molecular Fractions after Gel-Filtration of Incubation Mixtures of o,-MG and TNF-a.

in Different Molar Ratios

) Cytotoxic activity of fraction pool, U
Form and quantity of «,-MG, nM Quantity of TNF-a, nM (U)
high-molecular L low-molecular
S-form, 700 350 (5 000) 0 5 000
700 (10 000) 0 10 000
F-form, 700 380 {5 000) 1 250 3 750
700 (10 000) 2 500 7 500

nitroanilide hydrolysis at 37°C after free enzyme was
blocked by soybean inhibitor. The F-form of o,-MG
was obtained by treating native «,-MG with mono-
methylamine for 60 min at 37°C. The final concen-
- tration of monomethylamine was 0.5 M. Under these
conditions a,-MG fully lost its capacity to bind with
proteinases. After the processing with monomethyl-
amine, 5% polyacrylamide gel electrophoresis re-
vealed one band moving more quickly than the ini-
tial preparation. A standard commercial preparation
Refnolin (Fermentas) with an activity of 1.7x10 U/
mg was used as recombinant human TNF-a. Gel-
filtration was carried out with buffered physiological
saline (pH 7.3) on the column with TSK-60 HW gel.
The rates and volumes of elution were chosen so that
o,-MG and TNF-a left the column in different frac-
tions in the separated gel-filtration. TNF-« activity
was determined by the standard cytotoxicity test. One
unit of activity was taken as the dose of TNF-a
which caused one-half of the maximal lysis of mouse
1929 fibroblasts in the presence of actinomycin D
stained with crystal violet [7]. Each experiment was
performed at least twice. The data were processed
statistically by nonparametric methods.

RESULTS

S- and F-forms of o, -MG were incubated with TNF-
a for 1 h at 37°C and then the incubation mixture
was subjected to gel-filtration. High-molecular frac-
tions corresponding to the peak of the a,-MG yield
were combined and examined for cytotoxic activity.
The remaining low-molecular fractions were also

combined and their cytotoxic activity was measured.
It was found that TNF-a binds partially with the F-
form but not with the S-form of a,-MG (Table 1).
Most of the free TNF-a leaves the column with the
low-molecular pool.

A decrease of the cytotoxic activity of the sec-
ondary high-molecular fractions to 300 U and syn-
chronous elevation of the cytotoxic activity of the
secondary low-molecular complexes from 0 to 900
U ‘was noted after rechromatography of the high-
molecular fractions which contain complexes of
TNF-o with the F-form of o,-MG with an initial
cytotoxic activity of 1250 U. Therefore, it may be
assumed that the formed TNF-a/a,-MG complexes
are not stable and are partially destroyed during gel-
filtration.

To ascertain the quantitative ratios of ingredients
in complex formation the F-form of a,-MG was in-
cubated with TNF-« in different ratios. The volume
of incubation mixture was the same in all cases. Af-
ter gel-filtration the high-molecular fractions were
combined and their cytotoxic activity was deter-
mined. Incubation of the same amount of TNF-a
with ascending quantities of a,,-MG results in a pro-
gressive increase of the cytotoxic activity of high-
molecular substances until the molar ratio of o,-MG
and TNF-a attains 1:2 (Table 2). It may be that in
this ratio of ingredients «,-MG binds all the TNF-a
in the reaction mixture. A markedly lower cytotoxic
activity of high-molecular fractions after gel-filtration
as compared to the activity of added TNF-a may be
due to the breakdown of the majority of the a,-
MG/TNF-a complexes in gel-filtration and to the

TABLE 2. Cytotoxic Activity of Pools of High-Molecular Fractions of Incubation Mixtures of the F-Form of a,-MG with TNF-a in Different

Molar Ratios
Quantity of TNF-a, nM Cytotoxic activity (U) for different amounts of o,-MG, nM
44 88 175 350 700 1 400 2 800
350 312 625 1 250 1 250 1 250 1 250 1 250
700 312 625 1 250 2 500 2 500 2 500 2 500
1 400 312 625 1 250 2 500 5 000 5 000 5 000
2 800 L 312 625 1 250 2 500 5 000 10 00C 10 000
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exit of free TNF-a with the low-molecular frac-
tions. From the analysis of the quantitative ratios
of ingredients it was concluded that one molecule
of the F-form of «,-MG can bind with two mole-
cules of TNF-a.

To determine the cytotoxic activity of forming
complexes, the F-form of «,-MG was incubated with
TNF-« at a molar ratio of 1:2 and then the incuba-
tion mixture was examined in the cytotoxicity test
without preliminary gel-filtration. It was found that
TNF-a in a complex with the F-form of o,-MG
possesses twice the cytotoxic activity as the initial
TNF-a (Table 3).

Thus, TNF-a reversibly and noncovalently binds
with the F- but not the S-form of «,-MG and its
cytotoxic activity is preserved. The findings show
that one molecule of o,-MG combines with two
molecules of TNF-a and the cytotoxic activity of
such complexes is twice as high as that of baseline
TNF-a«. The results demonstrate that TNF-o, like
other cytokines, can form large molecular complex-
es by associating with plasma proteins, notably o,-
MG. The fact that the cytotoxic activity of such
complexes is twice as high as that of free TNF-a
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TABLE 3. Cytotoxic Activity of Incubation Mixture of the F-Form of
0,-MG with TNF-a in 1:2 Molar Ratio

Quantitative Cytotoxic activity, U

r:frtﬁ; aZ'MN(IB/ of incubation
-a, n of initial TNF-o mixture of o,-MG
with TNF-a
1751350 5 000 10 000
350/700 10 000 20 000

molecules underscores their physiological and path-
ological significance.
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