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Abstract

The application of Rapana venosa hemocyanin (RvH) on the survivability of
hamsters with transplanted myeloid Graffi tumours was studied. It was found that the
preparation induced elongation of mean survival time, inhibition of tumour growth
and decrease of mortality. The effect was similar to that of a commercial preparation
of keyhole limpet hemocyanin (KLH) which is used as a component in dendritic cells-
based anti-tumour vaccines in human immunotherapy.
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Introduction. Hemocyanins are Cu-containing respiratory proteins with large
molecular mass of marine molluscs. Keyhole limpet hemocyanin (KLH) is a commercial
preparation with an increasing significance in immunotherapy of cancer. It is used in
dendritic antitumour vaccines as a component accelerating the maturation of dendritic
cells (DCs) resulting in stimulation of Thl immune response and T-cytotoxic activity
as shown by in vitro experiments [1]. Clinical trials demonstrated the protective effect of
intradermal application of KLH near the dendritic cell vaccine for therapy of urological
cancers [2]. GRIFFOEN et al. [3] reported that some melanoma patients vaccinated with
DCs, pulsed with tumour lysates and KLH, showed specific CD8 T-cell response to
melanosomal peptides as well as to If-gamma-releasing (- If-) KLH-specific T-cells.
CURTI et al. [*] found that peripheral blood CD14+ monocytes from multiple myeloma
patients can be induced to differentiate into CD83+ dendritic cells which are highly
efficient in secretion of I1-12 and have a potential stimulating activity on T-cells. SORG
et al. [5] collected leukocytes by leukaferesis from patients with urological cancers. The
cells were subsetted and cultivated in the presence of interleukines (GM-CSF, 11-4, 1I-1-
B, 1I-6, TNF-a and PGE). The cells showed a mature DC morphology and phenotype.

On the other hand, KLH is used as a carrier of antigen molecules in synthetic vac-
cines against some tumours. LAMBERT et al. [6] found that immunization with tumour-
associated protein TCR, conjugated to the immunogenic protein KLH, protects mice
from tumour challenge with murine T-cell lymphoma C6VL. RASUPATHI et al. [7] re-
ported that the vaccine KLLH-conjugated ganglioside CD2 plus adjuvant QS-21 induce
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antibodies against cell surface tumour antigens and induce complement-dependent cy-
totoxicity in the majority of patients with melanoma. HERSEY et al. [3] found that
autologous lysates may be more effective than melanoma peptides as antigens for DC
vaccines supplemented by KLH. TOLLER et al. [9] developed a polyclonal rabbit an-
tiserum using KLH for peptide conjugation for detection of isoforms of receptors for
human growth releasing factors in tumours.

Having in mind the stimulating effect of hemocyanins on the maturation of den-
dritic cells, Th-1 helper and T-cytotoxic lymphocyte populations, in the present work
we aimed to investigate the effect of hemocyanin isolated from Rapana venosa on the
survivability and tumour growth of hamsters with transplanted myeloid Graffi tumours.

Materials and methods. EXPERIMENTAL ANIMALS. Ninety Golden Syrian ham-
sters weighing 80-100 g. two months of age of both sexes were used for the experiments.
The animals were obtained from the animal house of the Institute of Oncology, Sofia,
Bulgaria. They were grown up and bred under standard conditions accepted from the
National Veterinary Health Service, Bulgaria, in the animal house of the Institute of
Microbiology, Bulgarian Academy of Sciences.

The animals were separated in nine groups as follows and treated by different way:

1. Hamsters injected by Rapana venosa hemocyanin (RvH) (0.25mg i. t.).

. Hamsters injected with RvH (0.5 mg i. t).
. Hamsters injected with RvH (0.25 mg s. c.).
Hamsters injected with RvH (0.5 mg s. c.).
Hamsters injected with KLH (0.25 mg i. t.).
Hamsters injected with KLH (0.5 mg i. t.).
Hamsters injected with KLH (0.25 mg s. c.).
. Hamsters injected with KLH (0.5 mg s. c.).
. Hamsters with tumours without treatment — control (TBH).

TUMOUR AND TRANSPLANTATION. The myeloid Graffi tumours were induced by
Graffi virus in mice and adapted for hamsters by YAKIMOV et al. [19]. The tumours
were maintained in vivo in the Institute of Experimental Pathology and Parasitology,
Sofia, Bulgaria, by subcutaneous inoculation of 10% viable tumour cells.

In the present experiments, 100% transplantability of tumours was achieved by s.
c. inoculation of 2 x 10* viable tumour cells into the interscapular field of the animals.
By this quantity of cells, 100% obligatory transplantability and mortality of animals
in our previous studies was established [11].

HEMOCYANIN FROM Rapana venosa (RVH). Marine snails, Rapana venosa grosse,
were caught near the Bulgarian coast of the Black Sea. Hemolymph was collected from
specimens of 20-35 g. Hemocyanin was isolated by preparative ultracentrifugation using
HQZ] rotor Ti45 with Beckman L-80 Ultracentrifuge at speed 24000 rpm, for 4 h at 4 °C

Keyhole limpet hemocyanin (KLH) was used as control. KLH was obtained from
Biosyn (Fellbach, Germany) with a protein concentration of 6.9 mg/ml in Tris/HCI
buffer, pH 7.4. The sample was dialysed for 24 h against 0.1 M Tris/HCI buffer, pH
6.5, containing 1 mM CaCls and 0.5 mM MgCls.

IMMUNOMODULATION. The protective effect of RvH application on the survivabil-
ity of hamsters with transplanted myeloid tumours was examined. Experimental groups
of 10 hamsters were injected by 0.5 mg or 0.25 mg of RvH or of KLH, subcutaneously
(s. ¢.) or intratumourally (i. t.) at day 14 after tumour transplantation. Experimental
groups see above.

BIOMETRIC EXAMINATIONS ON TUMOUR DEVELOPMENT. The parameters of mean
survival time (MST), mortality %, as well as the inhibition of tumour growth (ITG)(%)
were followed. MST was calculated as a mean arithmetical value of survival (days) of
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all animals in each experimental group. % mortality was determined at day 40 after
tumour transplantation. The inhibition of tumour growth was calculated as follows:

Tumour size (mm) of control — Tumour size (mm) of experimental

ITG = x 100

Tumour size (mm) of control animals

Results. It was established that the application of RvH and KLH in hamsters
with transplanted myeloid Graffi tumours resulted in elongation of MST for 2-6 days
compared to the control (untreated animals). MST of the untreated tumour-bearing
hamsters (TBH) was 30.0+1.5 days. The most pronounced effect was obtained by s. c.
application of 0.5 mg for both preparations. The way of application of KLH of both
preparations did not change the survivability of animals (Fig. 1).

MST of GTBH treated with hemocyanin and KLH
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Fig. 1. Mean survival time (MST) of hamsters with transplanted myeloid Graffi
tumours, treated by Rapana venosa hemocyanine (RvH) or keyhole limpet
hemocyanin (KLH) (Sigma). Experimental groups: Group 1 — hamsters in-
jected i. t. with 0.25 mg RvH; group 2 — hamsters injected i. t. with 0.5 mg
RvH; group 3 — hamsters injected s. c¢. with 0.25 mg RvH; group 4 — hamsters
injected s. c. with 0.5 mg RvH; group 5 — hamsters injected i. t. with 0.25 mg
KLH; group 6 — hamsters injected i. t. with 0.5 mg KLH; group 7 — hamsters
injected s. c. with 0.25 mg KLH; group 8 — hamsters injected s. c. with 0.5 mg
KLH; group 9 — tumour-bearing hamsters without treatment

Using two concentrations of RvH (0.25 and 0.50 mg) the mortality was decreased
on the 35th day about 72% while only the higher concentration of KLH had effect
on the mortality. The percentage of mortality was significantly decreased in the group
of animals treated with 0.25 mg RvH (75% mortality determined at day 40, control
untreated being 100% mortality on the same day of observation) (Fig. 2).

It was found that both preparations inhibited the tumour growth of TBH till the
31st day of the observation. Treatment of TBH with different concentration of RvH and
KLH intratumourally almost had no effect and the inhibition of tumour growth was
very little. They were more effective when applied s. c¢. at a dose of 0.25 mg for RvH
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Fig. 2. Mortality % at day 40 of investigation of hamsters with transplanted myeloid
tumours treated with RvH or KLH. Experimental groups as in Fig. 1

and KLH as well. The inhibition of tumour growth was the best expressed in group 3
of TBH (injected with 0.25 mg RvH s. ¢.) (ITG - 66.6%, 67.13%, 59.93%, 34.50% and

41.30% determined at days 17, 12, 24, 28 and 31 respectively) and in group 7 of TBH
(injected with 0.25 mg KLH s. ¢.) (ITG - 66.6%, 70.67%, 55.12%, 31.25% and 33.3%
established on the same days of investigation) (Fig. 3).
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Fig. 3. Inhibition of tumour growth (%) in hamsters with transplanted myeloid tu-
mours treated with RvH or KLH. Experimental groups: as in Fig. 1

Discussion. Analysis of the results of investigation showed that both preparations
RvH and KLH produced similar protective effect on the survivability of hamsters with
transplanted myeloid Graffi tumour and at the 31st days of transplantation RvH showed
about 8% higher inhibition effect on tumour (Fig. 1). The s. c. way of application of
both preparations produced more pronounced inhibition of the tumour growth (Fig. 3).

The protective effect of new isolated RvH on survivability of TBH could be ex-
plained by stimulation the antitumour immune response via the mechanism of ac-
tion of hemocyanins. Probably both preparations induce acceleration of maturation
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of dendritic cells, stimulation of Th-1 response and T-cytotoxic anti-tumour immune
response, as previously shown [1]. Comparison of the protective action of both prepa-
rations on survivability, tumour growth and mortality of hamsters with transplanted
myeloid tumours showed similar effects. These data will be the basis for our next in-
vestigation concerning the effect of RvH on the immune status of TBH.

Many authors have reported the immunoprotective effect of hemocyanins on the
development of experimental tumours and on the survival of cancer patients in clinical
trials. The investigation performed by MCFADDEN et al. [13] shows that KLH directly
inhibits the growth of human Barett’s oesophageal carcinoma and has antiproliferative
effects against breast, prostate and pancreas cancers. RIGGS et al. [14] established a
significant in vitro growth inhibition effect of KLH on breast, pancreas and prostate
cancer cell lines. It was found that intralesional application of KLLH in the mouse blad-
der tumour model significantly reduced tumour incidence, growth rate and mortality
[1°]. KRUG [16] reported about a vaccine therapy of small cell lung cancer with a polyva-
lent KLLH-conjugate vaccine containing tumour antigens GM-2, Globo H, fucosyl GM-1
and polysialic acid. Also positive results were achieved by dendritic cell vaccination of
patients with medullary thyroid carcinoma [17]. Mature DCs were selected from periph-
eral blood monocytes by CD14 magnetic bead selection and cultured in the presence of
GM-CSF, IL-4 and TNF-a. DCs were loaded with tumour lysates and further injected
in groin lymph node. Positive immunoanalogue response was announced by delayed
type hypersensitivity [16]. HOLD et al. [!8] and ARRAYO et al. [19] showed the prefer-
ences of dendritic cell — KLH-based immunotherapy for patients with advanced renal
carcinoma.

Our experimental data give basis for extending the spectrum of hemocyanins which
could be useful for human antitumour immunotherapy.
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