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SUM.BAARY

A method for the rapxd separaf:xon ‘of proteinous fractlons by hxghperformanee gel
. chromatogzaphy -was described. Homogenates from tumorous. and healthy tissues and

blood were eluted by saline on a columin packed with rigid hydrophilic macroporous par-
. ticles of O-glucase—Spheron 300, Fractions were ccllected and subjected to further anal-

yses. Their antigenic activity was determined by the leucocyte adberence inhibition test
" method. For the specific immunosctive fractions a dependence of leucacyte adherence in-
hiblf:xon test values on the chmeal sﬁate of se.mp!e denato:s has been found. :

mmomrcnon 'fﬁ; 45 Do 'E}_;f . ‘

In earhet studles dea.lmg mth the problem of separatmn of ﬁ:actlons pos—
- sessmg the. lactate dehyd}:ogenase -(LHD), virus and. enzymatic (1.1.1. 27-L-
Iactate’NAD ox1doreduetase) activity determmed in the ‘serum .of mice of
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various strains [1, 2], the question of application of the gel chromatography of
biopolymers was solved by means of a new type of macroporous hydrophilic
sorbent based on the copolymer of hydroxyethyl methacrylate and ethylenedi-
methacrylate, which proved to be satisfactory for the given purpose. In an
investigation of other chromatographic applications of these sorbents [3],
Borkk ‘and Smrz [4], Cech et al. [5], have shown that sorbents exhibit a
certain hydrophobic interaction between the copolymer and the lipophilic
part of molecules of the compounds under separation. This fmdmg was used
to advantage in the papers referred to above, in the separation based on hy-
drophobic chromatography [6]. The sorption effects, in addition to the
molecular sieving properties of Spheron 1000 gel were exploited for the sep-
aration of complex, naturally-occurring mixtures of high-molecular-weight
compounds like glycosaminoglycans and proteoglycans [7]. If, however, the
only effect required from separation is that of the molecular sieve, the hydro-
phobic interaction of sorbents must be suppressed. This is why, quite recently,
highly hydrophilic O-glycosyl derivatives of the basic hydroxyethyl meth-
acrylate carrier have been synthesized and used in the affinity chromatography
of lectins [8]. In addition to the function of a specific affinant, the high
content of saccharide covalently attached tc the internal pore surface (up
to 20%, w/w) also causes high hydrophilicity of the carrier and suppresses
undesirable hydrophobic sorptions. In this way, a rigid macroporous gel chro-
raatographic material is formed, in which the excellent mechanical and hydro-
dynamic properties of macroporous Spheron gels are combined with the
oufstanding interaction characteristics of the Sepharose-type materials used in
gel filtration for some time.

In this paper we report a practical application of O-giucose—Spheron in the
rather demanding isolation of immunochemically active fractions obtained
from homogenates of human and animal tissue and serum, both tumorous and
non-tumorous. If a tissue is subjected to a preliminary treatment, consisting
of mechanical disintegration of cells, followed by separation of cell fragments
and subcellular particles, a clear or slightly opalescent supernatant is obtained,
which contains a mixture of proteins and gives positive reaction in the leuco-
cyte adherence inhibition (LAI)-test [9]. Halliday and Miller |9} discovered
that in the presence of tumour antigens the adherence of leucocytes to the
glass surface is inhibited and derived a semiquantitative evaluation method.
Isolation of the active fraction with respect to the L Al-test, its characterization
and subsequent treatment still remain an open problem. The method of high-
performance gel  chromatography provides an . advantageous possxblhty of
realization of the first step.

MATERIALS AND METHODS »

O-Glycosyl—Spheron 300, a suspension copolymer of 2-hydroxyethyl .
meathacrylate and ethylenedimethacrylate [10] with the exclusion limit of
molecular weight 300,000 (tested using dextran standards from Pharmacia,
Uppsala, Sweden) was carefully extracted successively with benzene, ethanol
and water on a continuous apparatus for 8 h each time, washed with ethanol
and ether, and dried. D-Glucose was bonded to the carrier, using an HC1—BF,
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mixture in dry dioxan as catalyst, under conditions described in ref. [6]. The
gel, particle size 32—40 um, was packed in suspension in 0.1 N NaCl solution
containing 1% (w/w) of glucose into a column 0.8 X 120 cm and the column
was calibrated with dexiran standards and a mixfure of ptotems ‘

Chromatographic apparatus

The chromatographic equipment consisted of a high-pressure pump MP
2501 (Laboratory Instrument Works, Prague, Czechoslovakia), an injection
valve, a column packed with O-glycosyl—Spheron, to which a differential
refractometer R 403 (Waters Assoc., Milford, Mass., U.S.A.) and a UV spectro-
photometric flow detector with variable wavelength (Optronica, Oberursel/
TS, G.F.R.) were connected in series. The fractions were collected in an LKB
Ultrorac 7000 fraction collector (Stockholm, Sweden).

Biological material

Tumorous and healthy tissues and blood were obtained with the kind
consent of the Heads of thirteen medical institutes in Prague. The samples
under investigation are listed in Table I. Homogenates from biological materi-
als were subjected to centrifugation with cooling at 80,000 g for 30 min.
Other methods of the centrifugation of homogenate are discussed elsewhere
[11]. Serum samples were obtained by centrifuging blood for 80 min at 4000
£ under cooling. The protein level was determined by employing the methods
of Lowry and Folin [2]. »

The activity of E.C. 1.1.1.27-L-lactate:NAD oxidoreductase, was determined .
using a test kit-from Boehringer {12], Mannheim, G.F.R.

Chromatogrephy

A homogeneous supernatant was injected directly into the head of the chro-
matographic column in an amount of approximately 0.5 ml with a protein
content from 3 to 10 mg/ml and eluted with a 0.1 N solution of NaCl con-
taining 1% of glucose at a flow-rate of 100 mil/h at room temperature. The
data from the differential refractometer and the spectrophotometric detector
were recorded using a two-channel Philips PM 8010 recorder. The 340 nm
wavelength used in the UV detection was chosen because it was also used to
measure the activity of the above-mentioned isoenzyme. The fractions ob-
-tained, 2.5 ml in volume, were again analyzed for the protein content, sub-
jected to the LAl-test [9]. The leucocytes were isolated from heparinized ve-
nous blood according to Holan et al. [13]. After combining this suspension
with the proteinous fraction investigated for its content of antigen in the SIAL®
test-tubes, free cells were counted in triplicate before and affer 2 h incubation
at 37°(Burker chamber). Values higher than 60% of non adhered leucocytes
are regarded as positive. The activity of E.C.1.1.1.27-L-lactate:NAD oxido-
reductase, was determined by the Boehringer test in all fractions [12].

RESULTS AND DISCUSSION

* The effect of modification of the internal surface due to glycosylation is
shown in Fig. 1, representing the calibration curve of polydextrans in the case
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TABLEI . , L
SAMPLESOFTI&SUESANDSERAUNDERINVES‘I‘IGATION L meres
Benign Malignant
Human serum . 10 11
Mouse serum . 12 - 15 .
Endometrium .4 5
Cervix ) 10 11
. Ovarium ‘ 10 14
Vagina o — 1
Placenta 8 =
Prostate —_ 1
Mamma 4 5
Cerebrum 3 3
Cerebellum - 1 1
Kidney - 1 4
Stomach : - 1
Sigmoid colon . — 2
Lung - 4 4
Dental periosteum 1 1
Cutis 1 4 (melanoblastoma)
. 3 (psoriasis) :
Oculum o1 4 (melanoblastoma)
Os ’ 2 3
Lymph ncde 2 4 (M. Hodgkin)
Embryonal tissue 8 (1 CEA) — '
Milk 10 —
Others 13 4
= 105 . 101

*Unless otherwige stated samples are of human origin.

of modified and unmodified Spheron 300. Both, dependences show that the
coating of the internal surface has only a small effect on the exclusion limit
and specific pore volume. The covalent bond of glucose, which hydrophilizes
the surface, does not influence greatly the molecular weight range of com-
pounds under separation which can penetrate into the gel. An example of a
gel chromatogram, where the results of refractometric and . spectrophoto-
meiric analyses, the protein level after Lowry, the activity of E C.1.1.1.27-L~'
lactate:NAD oxidoreductase and the results of the LAI-test have been in-
dicated, is shown in Fig. 2. It prov:des ‘evidence of the concentration of active
components in fractions 12, 13, 14 with a maximum in fraction 13. Chromato-
graphic expenments with detection at various wavelengths have revealed an
interesting fact: in most samples of expenmental and human tumorous tissues
the LAI activity coincides with a maximum absorbancy at 340 nm. Thére are
cases, however (Fig. 3), where the peak from the 13th fraction on the re-
fractometer has no corresponding peak on the spectrophotometer, or in other
words, is virtually nil. Such a situation has been okserved with operated
tumours after complex polychemotherapy, where remdual tlssue was obtamed
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Fig. 1. Calibration curves of Spheron 300 and glucose—Spheron 300. Test mixture: poly-
dextrans of defined molecular weight (M) from 20,000 to 2,000,000 (Pharmacia, Uppsala,
Sweden); column: 1200 X 8 mm LD.; flow-rate: 100 ml/h; eluent 0.1 N NaCl containing
1% glucose. c = Spheron 300; ® = glucose—Spheron 300.

In any case, the peak detected with the 13th fraction corresponds to the im-
munoactivity of the sample. These findings are the subject of further study.

A total of 206 separations of experimental and human tumorous tissues
and healthy tissues and sera was performed. Proteinaceous fractions from fis-
sues with a maximum UV absorbancy at 340 nm were collected and their
antigenic activity was determined by the LAl-test. The correlation between
the LAT values and hlstologlcal findings lssummanzed forthe most representa-
~ tive groups of tumour diseases, in Table I1.

The chromatogram shown in Fig. 4 shows the UV ab_sorbanc;y and refractive
index profiles of a protein fraction with a high content of tumour antigens

(human carcinoma cervicis, sample Ce 11).

. "The method of fast gel chromatography described in thls _paper permlts
1solat10n of protein fractions characterized by a high immunological activity
- determined by the LAl-test. The activity of these fractions depends on the
" clinical state of the individual from whom the tissue was taken [9]. A fast
- and relatively convenient technique allows detection of enriched protein
~ fractions, which are further examined as to the relationship between their
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Fig. 3L£ Gel ch;;omatogram of protein fraciion from human carcinoma ovarii after operation
and polychemotherapy. Conditions: see Fig. 1.
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Fig. 4. Gel chromatogram of protem fraction of human earcinoma cervicis (Ce 11). Con-
ditions: see Fig. 1.

‘ composition' ‘biological activity and antigenic character. When comparing
the results of the LAIl-test of crude homogenates or sera with those of chro-
, matographxcally sepa:ated ftactlons (Fig. 2) the reliability of LAI confirmed
: hxstologmally was in‘the latter case cons1detably higher. -
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