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EFFECT OF PROTEOLYSIS OF LOW-DENSITY SERUM LIPOPROTEINS ON THEIR
INTERACTION WITH MACROPHAGES
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The writers previously postulated, on the basis of changes observed in the structural
stability of low-density lipoproteins (LDL) during treatment with pepsin or aortic cathepsin
D, that enzymatic modifications may lead to potentiation of the atherogenic properties of LDL
[1, 2]. We know that treatment of LDL with trypsin causes an increase in their binding with
aortic glycosaminoglycans [5] and to an increase in degradation by fibroblasts of patients
with hereditary hypercholesterolemia {7]. Limited proteolysis of LDL with pepsin facilitated
their binding with fibromectin [4]. 1In recent years, to assess ‘the atherogenicity of lipopro-
teins, their interaction with macrophages has been studied [6]. Popov [3], who used this
model, found more rapid uptake of trypsin~treated LDL by macrophages.

In the present investigation uptake and degradation of LDL by macrophages were studied
after their limited hydrolysis by pepsin — an analog of tissue cathepsin D.

EXPERIMENTAL METHOD

DL (1.019 < d < 1.063 g/ml) were isolated from serum of healthy blood donors by ultra-
centrifugation [10]. Todination of LDL with '?°I was carried out by the iodine monochloride
method [14] and the reaction products were removed by dialysis. Specific radiocactivity of the
resulting preparations was 80-150 cpm/ng protein. Hydrolysis of native and radioiodinated
LDIL. was carried out as described previously [1]. Low-molecular-weight products of proteolysis
of LDL by pepsin were removed by gel-filtration on a column with Sephadex G~75. The efficiency
of removal of low-molecular-weight products was estimated by precipitation with 107 TCA and
measurement of radioactivity and of protein in the material dissolved in TCA. Protein in the
samples was determined by Lowry's method [13]. To obtain human lipoprotein-deficient serum
(LDS) preparative ultracentrifugation at a density of 1.21 g/ml was used [11]. The isolated
LDS was dialyzed against 0.15 M NaCl in 0.02 M Na-phosphate buffer, pH 7.4, sterilized by
filtration through a filter with pore diameter of 0.22 u, and kept at —20°C.

To obtain macrophages, 5 ml of a 3% solution of peptone in Hanks' -medium was injected
into noninbred male albino mice. The peritoneal cavity of the mice was flushed out 2 days
later with 7 ml of medium A (Eagle's medium with 10% bovine serum, 290 ug/ml of L-glutamine,
100 U/ml of penicillin, 100 ug/ml of streptomycin), containing 85 U/ml of heparin. The peri-
toneal cells were collected by centrifugation of the washings (900 rpm, 5 min, 4°C) and the
cells were washed once with medium A, resuspended in the same medium, and diluted to a demnsity
of 10°-2-10° cells/ml. Aliquots of the suspension (2 ml) were poured into plastic Petri
dishes (40 % 10 mm) and “incubated in an atmosphere of 57 CO, and 95% 0O, at 37°C. Each dish
was washed twice after 2 h with 2 ml of warm medium A and incubated overmight at 37°C in an
atmosphere of 57 CO; and 957 0O,.
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Fig, 1. LDL uptake by cultured macrophages. Abscissa, concentration
(in pg protein/ml) of '?°I-LDL, native (1) and after limited hydroly-
sis with pepsin (2); ordinate, uptake of LDL by cells (in ng/ml cell
protein). Each point shows average of two parallel tests.

Fig. 2. Degradation of LDL by cultured macrophages. Ordinate, degra-
dation of LDL (in ug/mg cell protein) by cells. Remainder of legend
as to Fig. 1.

Before the experiments the cells were washed twice with 2 ml of medium A (without serum),.
after which 1 ml of medium A with LDS (3% by volume) and the necessary quantity of radioiodi-
nated LDL were added. The cells were incubated with LDL at 37°C for 5 h in an atmosphere of
5% CO, and 957 0,. After the end of incubation samples of culture medium were taken into test
tubes with TCA to determine degradation (see below), the dishes were washed [9] three times
with 0.15M NaCl (2 ml each time) in 0.05 M Tris-HCl buffer, pH 7.4, washed twice with the
same solution with the addition of albumin (2 mg/ml), and finally twice with the same solution
but without albumin. The cells were dissolved in 1 ml of 0.1 M NaOH overnight at room tempera-
ture and their radicactivity was determined on a gamma-counter., After measurement of radio-
activity, the protein concentration was determined in the same samples. The quantity of in-
gested LDL was calculated from the results of measurement of radioactivity of the cells and
specific radicactivity of the added LDL preparations. The value thus obtained reflected not
only the binding of LDL with the cell surface, but also penetration of LDL inside the macro-
phages. The results were expressed in micrograms ingested protein of LDL per milligram cell
protein.

To determine degradation of LDL the culture medium was collected after incubation and
precipitated with 10% TCA (final concentration); the supernatant was removed by centrifuga-
tion at 1000g for 15 min, incubated with H,0, in the presence of KI, and extracted with
chloroform to remove free iodine, after which the radioactivity of the aqueous phase was mea-
sured [8]. Petri dishes not containing cells served as the control. Lipoproteins were added
to them, after which they were incubated and treated in the same way as the experimental sam-
ples. The results were subtracted from those of the experimental samples. The final results
were expressed in micrograms degraded LDL protein per milligram cell protein.

EXPERTMENTAL RESULTS

Dependence of ingestion of '?“I-LDL (both native and treated with pepsin) by macrophages

at 37°C on their concentration in the culture medium is shown in Fig. 1. 1In the experiments
with partially hydrolyzed LDL the degree of proteolysis was 8-10%Z. The writers showed pre-
viously that with this degree of proteolysis, appreciable aggregation and denaturation of LDL
does not yet take place [1]. It will be clear from Fig. 1 that ingestidénm of LDL by the cells
was considerably increased after their partial hydrolysis by pepsin. The course of the uptake
curves  (of native and enzymatically modified LDL) is evidence that there are two ways of lipo-
protein uptake. One is characterized by high affinity and the presence of saturation, the other
by low affinity and absence of saturation. Partially hydrolyzed LDL interact with higher af-
finity with macrophages than native LDL. This difference applies to pathways both with and
without the presence of saturation.

The increased uptake of LDL, partially hydrolyzed by pepsin, was accompanied by their
more intensive degradation by macrophages, as shown by the accumulation of degradation prod-
ucts of *?°I-LDL, soluble in TCA, in the culture medium.
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The increase in uptake and degradation of pepsin-modified '**TI-LDL by macrophages may
indicate their greater atherogenicity. This conclusion is supported by the parallel, described
in the literature, between protein degradation processes and intracellular accumulation of
cholesterol esters in macrophages incubated with acetylated LDL [97.

The use of pepsin to modify LDL is convenient in the respect that it is inactivated by
simple neutralization of the medium; consequently, there is no need to remove it before adding
the LDL to the cell culture. At the same time, as had -already been stated, pepsin is a close
analog of cathepsin D. We know that  cathepsin D acts on LDL [2] and may modify lipoproteins
when cells are destroyed as a result of inflammatory and other pathological processes [12].

The results are thus:evidence in support of the view that enzymatically modified LDL
possess higher atherogenicity than native.

The authors are grateful to A. A. Lur'e, Senior Scientist at the E. I. Martsinovskii In-
stitute of Medical Parasitology and Tropical Medicine, Ministry of Health of the USSR, for
help with the radioisotope investigations.
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ANTENATAL PREVENTION BY LITHIUM HYDROXYBUTYRATE OF DEVELOPMENTAL CHANGES
INDUCED IN THE RAT BRAIN BY SERUM FROM SCHIZOPHRENIC PATIENTS
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The antenatal effects of most drugs are generally assessed from the standpoint of their
possible adverse effects on the pregnant mother and fetus. Data on the stimulating effect of
lithium hydroxybutyrate (LHB), administered in the antenatal period, on ontogeny of the CNS
[1], have suggested the possible use of LHB in the prevention of dysfunction and dysregula-
tion of maturation of the CNS associated with the action of endotoxins and exotoxins.

The specific disturbance of metabolic mechanisms in schizophrenia is responsible for
the appearance of factors of toxic nature in the blood [3, 14]. The so-called "maternal
effect" — the significant increase in the number of children affected with schizophrenia in
the progeny of an affected mother compared with the frequency of affected children in fami-
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