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Abstenct: The effect of the immunization of BDF1 mice with molluscan hemocvaning from Rapana venosa,
Helix vudporis, Kevhole Limpet (KLIT) and arthropodan Carcimes aestiarii hemocyvanin and selected fragments
on the proliferation of spleen Irmphocytes o T and B cell mitogens as well as to the respective hemooyanin
were studied. Parallel I1-2 production in the culture of lymphecytes and the serum levels of 1L-2 of animals were
assayed It was established that the Carciney hemooyarn produced stimulating effect on the milogen reactivity
of the spleen lymphocytes of the anumals. An increase of stimulation indeces of Iymphocytes from immunized
mige in the presence of iImmunization hemoeyvanin of 3.45 and 3,24 (CaH native form and fragment rezpectively)
were determmed. Senum 11-2 production was better expressed i anmals ommumized by Helic welgaris
hemeeyamn and CaH and by native molecule KLH. Increased IL-2 production in supernatants of an vitre
cultivated lymphocytes was ohserved in animals immunized with native Carcinns hemocoyvanin and KLH as
well as by their selected fragments. Compared to tested hemoovaning, Carcinns hemesyanin canses
increased speaific and non-specific proliferation of spleen lymphoeytes and Thl associated eytokin production
in BDF1 mice.
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INTRODUCTION

In aercbic orgamsms the meversible binding of
dicxygen and its transpert from the environment to the
tizsues are performed by three types of respiratory
praotemns:  hemoglobins/erythrocruiorns,  hemenythrins
and  hemogvaning  (Hosh  The members of the latter
group  of diovygen carmiers are giant multizubanit
proteins,  freely  disselved i the  hemolymph  of
invertebrates of two phvla, mollmses and athropods.
Although similar in fumction, the two types of Hes are
oligomerie proteins whose moleeular mass and quatemary
structure are completely different in the two phvla [1, 2]
Malluscan hemoovaning are more complex proteins with
maolecular masses ranging from 3 6x10° Da {eephalopodan

Hes ) to 43 4x10° Da (gastropedan Hes). The basie building
block is & ovlinder made up of ten structural subunits
(350-450 kD). Each subumt has seven {(cephalopods) or
eighl (gastropods and some cephalopeds) functional
urits (FUa) of 50-55 kDa [3].

Molluscan  hemoryanns  from Rapama  venosa,
prosobranch pastopod, appear as hollow  oviioders,
dezeribed az decamerz or  didecamerz  of subunitz
with molecular masses of 400 or 420 kDa [4]). Two
physicochemically distinet soforms of Hapana Ho were
isolated and characterized [5]. In recent publications we
have also determined the arrangement of the FUs [6, 7).

In contrast, arthropodan Hes are oligomers of basic
hexameric units  resulting from  the agpregation of
structural subunits, with molecular mass of 63-90kDa
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each and fomming & wigeoal antiprism. The arthropodan
hemocyanin salated from the crab Careines aestuarii i
compased of 75 kDa subanits [2].

The hemocvanm from the giant kevhole limpet
Megathyra cremlota (commeonly abbreviated as KL
has been a subject of bicmedical interest for more than
30 years becamse of its remarkable immuncstinulatory
properties in expenimental amimals and man [9-11],
Both, the humeoral amd cellular immune responses are
activated, Tt was suggested that KLH is a non-specific
immunastirmlant‘adiuvant with a low level non-specific
blastegenic and  hympho-prabferative action [12]. In
additton, KLH was used as a hapten camer for small
moleculezs, such as peptides, hormones, pelysaccharides,
lipids, oligomicleatides ete. [12].

A promising approach in the immunotherapy of
cancer = the use of Cs-based vaccines where D7 are
highly cffective antigen-presenting cells with unigue
capability of inducing primary mmume respaeEes againsl
mmmer-assecialed antgens [13], Bost inportant 15 thee we
of KLH az a ¢compoumd co admirastrated with DC vaceine
[14, 15). T cells o the coculures with KLH-pulsed DCs
proliferated Lo a lagher extent and Ivsed moe cells more
efficiently. KLH can serve as a helper antigen augmenting
mimor-specific immune response [16].

KLH 15 applied in the immunotherapy of patients
with superticial hladder carcinoma (superficial transiticnal
cell carcinoma-TOC) extending trongh the 1580 [17-18].
In more recent clinical trials KLH subunit product
Immucothel has been applied [18-20]. Possible banefits
for bladder carcinoma in experimental ammals and man
was shown as carly as 1974 [21]. The possible direct
immunotherapentie action of KLH for the treatment of
superficial bladder carcinomas has been demorstrated
by the study of Wirgum ef al. [22] [t was found that
oligosaccharide side chams of KLH have a terminal
galactose (=30 N-peeiyl-galactosamine epilope {oross-
resctive with the TEThomsen-Friedrich antigen) which
mduees  an vive  protective  antibodies  agmnst  this
carbalpedrate sequence aleng with a eyiotoxic T-cell
respense [22] The clinical swecess of inbravesical
admamstation of KLH o patents was ascribed o the
presence of the dizaccharide epitope Gal ([i1-31 GalMAc.
This KLH epitape 18 cross-reactive with an equivalent
epifape on Bladder umaor cell surface. The cumulative
humoral and cellular immune response to KLH is
expressed az a gytolytic reduction of tumor growth [22].
The oligosaccharide analyses of KLHI amd KLHZ
confum the multi-epitope potential of these molecules.

Several reports oo reatments of bladder carcinoma
using  ImmumocvamnTmmucothel [23-25] showed that
# beneficial  aptibody response to KLH 15 paralleled
by an mwreased Matural Killer (MR cell activite.
Investigations of Satoskar  «f @l [28] showed that
immumization  of NE-T'mice with KLH induces an
efficient Thl response and produces significant levals
of TFP-v bat results iy markedly reduced or absent
antigen specific TpG2a production, Tt was shown that
MK cells are invalved in the induction of specific IgiaZa
prodhierion i v

Dee 1o the okserved immunotherapeutic effect of
ELH. we started comparative studies with hemocyanmns
from difterent sources in order to establish their effect on
mitogen reactivity and [L-2  production of spleen
lymphooytes inmice and te develop impraved therapeutic
concepts.

MATERIALS AND METHODS

Experimentnl animals: Male BDFL muee (pavents: motber
CATBLS and [atber DBEA, mice) weighing 18-20 ¢ wers
used as source of spleen lvmphoovites and sera. The
animals were grown up al standard conditions accepled
by the Bulgarian Veterinary Health Service in the animal
honse of the Instimte of Experimental Pathology and
Farasitology, Scefia. The animals were distributed i 10
groups of 10 animals each as follows:

v Group l-mice immunized with Carcirns hemocsyanin
(CaH)

e Group Z-mice immumized with Rapana venosa
hemoeovamn (EvH)

v Group 3-mice immumzed with BvH frapment

v Group d-mice immumzed with Helic vlgaris
hemooyvanin (HvH)

e Croup Semice imunurzed with HvH fragment

e Oroup Bemice munumzed with Cal fragment

¢ Group Temice mrnumzed with KLH

¢ Group Semice immurnzed with KLH ragment

¢ Group Samice amected with Complete Freund's
adjuvant (CFAD

v CGiroup 10-healthy control mice

Preparation of B. venosa, Helix vulgaris, keyhole limpet
and Carcinus aestnarii hemocyanin samples: Marine
snails, Rapana verase grosse, were caught near to the
Bulgarian coast of the Black Sea. Hemalvmph was
collected from specimens of 20035 g Hemoovann was
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izolated by preparative ulracentrifugation in a Beckman
L-20 Ultracentrifuge wsing a 1143 rotor at 24 000 rpm for
4 hat4°C.

The two suvbunits, BEvHI and BvH2, were isolated
by the procedure specified in Dolashka et ol [5]
Multinmt fragments & well as individual FLIa owere
abtained  through limited proteclysis by trvpsin,
separated and purified by FPLC using a Resource () 6 ml
columm,. Al Dagments and FUs were charactenized by
SDE polvacrylamide gel electrophoresis,

Carcinus  asstwarid  (previously  called  Carcinus
mediterranens) He was purified from the hemalymph of
crabs [ollowmg the procedure previously described [E].
To isolate structural subumits from Caveimes @estuarii
hemoeyvanin, the protein, preveesly stored at 2000 in
the presence of 18% sucrose, was dialvaed at 47 against
the desired buffer. The native protein weas dissociated
into subunits by dialysis for 24 hagainst 100 mb sodium
bicarbonate bulfer pH 100 contaming 20 mbi EDTA
and 2 M ourea, The subunils were solaled by FPL 100
exchange chromatography as described previously [8].

KLH was abtained from Biosyn (Fellbach, Germarny )
with a protein concentration of 6.9 mg ml™ in Tris/ 1
buffer, pIl 7.4, The sample was dialvsed for 24 b
against 0.1 A TrisHCL boffer, pH 6.5, containng 1 mhd
CaCl, and 005 mbd MgCl,. The stroetiral subomt ELH2
and functional unit KLHZ-c were purified as described
previcusly'. Punty conwol and identification of the
solated Tunctional unit KLH2-¢ were perfommed using
SDE-PAGE and W-terminal sequence analysis.

Feliv valgaris  hemolymph was collectad from
garden snails and centrifiged at 3000 x g for 15 min to
remove hemooytes. Hemeevanm was sedimented o a
Beckman L-80 ultracentrifuge a= described above. The
blue pellet of mlive hemocvanm was resuspendad m
S0 mbd Tris-HC1 bufler, pH 7.5 containing 20 mhd Call,
and 10 mbdd MaCL, Dissociation of the native He maloole
was achieved by dialvais for 24 b against 50 mMd Tris-HCL
buffer, p 2.5, comtaimne 10 mdd EDTA (257, For
isolation of the functional subunits the crude e was
punified on DEAE-Sapharase & CL and DEAE Callulase
2 columng (12525 em, aquilibrated with 50 Trs-HC]
buffer, contaiming 10 mid EDTA, pH 25 Multiunt
fragmentz az well as individual FUs were obtained
through lmited] proteclysis by ypsin, separated ad
purified s FPLC, using a Resouree O 8 m] column,

The protein concentration was  defermined using
the absomption cosfficient at 278 nm. The percentage of
oxy-Ie was determined by considering the absorbance
rabio of A0 A, 5 021 for a preparation contaming 100%
any=He

Immuonization protocol: Hemaoovaning Hapaska venosa,
Heliv vulgaris, Megothwra cremidata and  Carcines
cesfperii as well as selected fogments  were mixed
with ecual volumes of Complete Freund's Adjpovant
(CFA)  Groups of mice were injected suwbontaneonsly
(5.0) In the imter-scapular space with 10 pg of the
respective  hemocyanin or fragment of hemecyanin,
dizsalved in 0.2 m] of PBS. Booster immunizations were
performed  two  weeks  later using  dhe  respective
antigan-=Incomplets Frewmed's Aduvant (IFA) Twao weeks
after the bocster mmmunization the mice were killed
unider ether narcosia,

T vitre profiferation of spleen lymphocytes in presence
of mitogens: The spleens of the mice wers exstirpated in
an aseptic way and the proliferation responsea of
Ivinphooytes i the presence of mitogens were determined
by the method described by Stamm ef ai. [28]. Brieflvy,
the splesns were carefully bomogenized fo receve a
single cell suspension in REMI-1640 mediom (Fluka)
supplemented by 2 mbd L-glutamine, 100 Eml™" pemiellin,
100 pg ml™ streptomycin and 10% fetal calf serum
(Fluka)., The obtained cells were centriluged at 2005 g
for 5 man The enythroeyies were lysed by the solution of
Boyle (017 M Trist14 M ammonium chlorida), The
chtained rmphocyte suspension was washed twice by
centrifuzation. The viakility of the cells was examined by
the Trypan blue exclusive test. Suspensions of 53107 Live
cells in 0.1 ml of complete BERMI-1640 mediom were
distributed in teiplicate in 96 wells of flat botfony tssoe
culture plates. The cells were stimulated by 20 pg ml™
phytohemagglutinin (Sigma), 20 pg ml™ Escherichia
coldi lipepelysaccharide (LPS) (Sigma) or the respective
hemooyamn (fragment) in given concentration. The cells
were eultivated in a OO, incubator &t 37°C for 72h, 1 p
Ci of 'H thymidine was addad to each well 18 h before
the end of the icubation. The cells were collected on
nitrocellulose filters using a mamual cell harvester and
were  detibuted o oseintillation flasks.  Afler a
supplementation with 5 ml scimtallation mixnere, the
imatope uptake of each sample was determined in a
Beckman scintillaton  coumter. Stmulation Tndex {810
of lymphocytes was caleulated according to the formula:
Sl = Mumber of cpm of lymphocytes meubated wath
mitogen: Mumber of cpm of Ivmphoeytes  incubatad
without mfegen. In pacalle]  experiments, cell-free
supematants were harvested after 72 h of culture for
quantitation of [L-Z.

Determination of Interleukin 2 in supernaiants nnd
serum: Culiure  aupernatants from cultivated i witra
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Iympheeyias in the presence of hemosyamns and seéra
from amimals amomnezed with native hamosyanins anxl
selected fragments rom Rapana vemosa, Heli vilgaris,
Carcimns aestvara and  Megathra crenidata wers
examinad for their IL-2 levels, & mouse [L-2Z ELISA set
{(BD Bicsciences Pharmangen, San Diego, TTSA) was
uzed tor the ELISA test. The determinations of the IL-2
contents of supematants and sera were  performed
according to the standard procecire, using an ELISA
reader (Organon Tekknika). The concentrations of I1.-2
are prezented in pg ml™' serm.

Human cells: PEMC: from bealthy bleod bank denees
positive for HLA-AO201 and ITCRMY were selated by
standard gradient centnfugation (Lymphooyte Separation
Medium, PAA Laboratories Ombl, Pasching, Ausinal
Monooyte derived buman DCs were penesrated  as
previcusly descnbed [29] and activated with 10 ng ml™
human THF-r¢ (I3 and T Systems, Wiesbaden, Germany)
Bo20 ug ol poly (12 (Sigma Aldrich, Steinheim,
Germanyy for 3 davs, For restimulaticns affer pruming
with s, ervepreserved sumologous PEMC: were used,

Peptides, recombinant MHC molecules and Muoorescent
tetramers: FPeptides  were  synthesized by standard
Fmae-chemistry using the Economy Peptide Synthesizer
EF3 221 (ABIMED, Langen, Germany ). Peptides in this
EI:LI.EI}' were MLVPRMVY ATV from HOMWY ppdd 495-503 and
ELAGIFILTY from Melan-A 26-35.

Bictinylated recombinant MHC class | malecules
and  flogrescent MET tetramers  were  produeced  as
dezenbed earlier [30]. Brielly, fucrescent telramers wers
gerpmated by coneubating otnylated HLA mooomers
with streptavidin-FE o steplavidin-APC  (dolecular
Probes, Leiden, The Netherlands) at a 421 melar ratio.

Tt witro stimu ltbons: e vifes abimulations were imitiatesd
in @ wall platez with 1x10° responder cells plus Zx10°
irrachated peptide pulsed (5 pg ml™ ) DCs per well in
200 pl T eell mediom: RFMI 1640 containing HEPES
and L-ghtamine (Gibco, Paisley, UK) supplemented
with 108 heat-inzctivated human serum (PAA, Colbe,
Germary ], 50 pml™ penicilling 50 pg ml™' streptomyein
and 20 pe ml ™' gentamycin (BioWhiattaker) in the presence
of 10 ng ml™" humen IL-12 (Promocell, Heidelberg,
Germany) and 20 ng ml™ of KLIL After 3-2 davs
coincubation at 37°C, fresh medium and 80 poml™" 1L-2
{Preleukin, Chiron Coporation, Emervville, O, USA v was
added and cells were incubated for 3.4 davs This
stimulation eyvele was repeated twice

Tetramer staining: 2«10 snmulated cells were stoned
wilh fQuerescent MMHT telramers and imeulated at 40
o 20 o e dands, Tollowed Ty 30 min incubation with
ORIEFITO antibady at 47C i the dack. After washing,
cells were resuspended in 1% pacafermaldehyde in PFEA
(PBES supplemented with 2% heatl mactivated FOS (FAN
Biotech, Aldenbach, Germany), 2 mh EDTA (Raoth) and
0.01%% sodmm amde (Merck, Darmatacdt, Germary 1), Cells
ware analysed by flow cytometry an a four-color
FACSCalibur evtometer { Becton Dickinson).

RESULTS

The effect of [lcs on the proliferation activity of spleen
Iymphocytes to T and B cell mitogens: The «ffect of the
immurdzation of bealttn: BOFL mece with hemocyanins
and fragment= of Rapana vewosa, Heliv vlearis,
Megathura  cremuwlate and  Coreines oesfuorii
hemocvaning and the preliferation activity of  mogse
spleen lymphoovies fo T and B cell milogens were
studhed, As shown i Fig, 1, the lvmpheoyte response
tor the T-cell mitogen phytehemags utino (FHA Y 1z mest
promouneed in muse wnmunized with native hemosyann
from Carcinns aestvarn as well & by itz fragment ans
Snmulaticn Indices (303 of 3.3 and 166, respectively, were
determined. The fragment of Carcibws hemooyanin
induced highest mitogen response to the B-cell mitogen
E.opofi LPS (81 = 231 31 of the lympheeytes from
healthy control mice were 1.57 and 1.23 for PHA and
LFS respectively and the ymphocytes from animals
injected with CFA only showed lower stimnulabion mdexes
(105 ared 457 for PHA and LPS respectively) (Fig. L

The stmulation imdices of vmphooytes [rom mice
mumunrzed with Ropess bemoovanin and s agment
to the PILA and LPS are lower compared o the controls
(3= 03 and 048 and ST = 0056 and 0.67 foc PILA and LPS
respectively) {Fig., 1% The mitegen reactivity of
Ivmphecytes from KLH (whale molzcule and fragment )-
impected mice to the two mitogens & near fo the contral
valies, The immuemzaten with KLH did nat inerease
Iymphocyte mitogen reactiviey amd the stomulation isdices
are approxumately the same (1,28 ankd 1,135, respectivaly)
for FHA and LPS (Fig. 1) Stumulation mdices of
Iymphocytes from mice immunized with KLH fragment
are near the contrel values (51 = 0098 and 093 for PHA
and LS, respectively ).

The specific proliferation  response  of  the
Iymphooytes to the hemeeyvaning used for immunizaticn
wis mosl pronouneed 81 = 3,45 and 3,24, respectively)
m o animals  agecte]  with both fomms of  Carcimes
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Fig. 1: Stumulaticn Indices (31F of spleen lvmphoeyies of BDOF] muee afier mumumzation with hemooyamns, Cell
proliferation was assaved by determining ["Hjthwmiding meorporation in the presence of PHA, LPS and
respective hemosyvanins and their fragments, Expecimental growps, mice immuonized withe 1 Carcimies aesiiari
inative) hemocyvaming, 2. Rapang verass (native) hemooyvanuy, 3, Ropang veness  bemooyanin (fragment s,
4. Heliv vulgaris (pative) bemocyaning 5. Heliv wdgaris hemocyanin (fragment); & Carcinus geshuarii
hemocyanin {(fragment; 7. KLH (natrvel, £ KLH (fragment); 9. Complete Freund s adpvant; 100 Mo immunization

hemaocyanin. The specific immune response to KLH
hemaocyanin (whole molecule and fragment) was not
connected  with  any  increase of the lymphooyte
proliferation (51 = 1.04 and 1.08, respectively) (Fig. 11 An
imcrease of the lymphoeyte SI to the immumzation
hemocvamn was established in ammek mjected with
whaole molecules of Feliv videoaris and Rapara verosa Ilo
(1.49 and 1.24, respectively) and fregment of Melix
vilzaris hemoovamn (51 = 12530 (Fe. 1)

Determination of interleukin 2 in supernatants of in
vitre cultivated spleen lymphocytes: Freshly =zelated
spleen cells from immumizsd mice wers cultured in vitre
in presence of hemocyaning and their fragments and
the culture supernatanis was then amalyzed Iy ELISA
for levels af TL-2, Data are presented in Fig, 2. The
highest  levels of IL-2 were established in the
supernatants of  lymphocytes cultivated in the presence
of fragments of CaH (35 pr ml™) Helir vulparis
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Fig. 20 IL-2 content {pz ml 1 i supernatants of de viva cultivated splean cells. Splenocytes (5107 well) ohtained from
different groups of immumized mice were coculhired in presence of respective hemocyanins in S6-well flat-
bottoamed microtiter plates in a fival volume of 200 pl.. Cell-free supematantz were harvested after 72 b of culture
and IL-2 level was measured by standard ELESA kit. Data represent means + SE of nplicate cultures. Experimental
groups, mice immumized with: 1. Corcimns gestwarii (native) bemocyaning 2. Mapana vemesg (native)
hemoeyvamn; 3. Rapang verosa hemocyanin {fragment); 4. Helic wdgaris (native) bemooyaning 5. Helic valgaris
hemoeyanin (fragment), 6. Carcinus aestiari hemocyanin (fragment); 7. KLH (native); 8. KLH {fragment); 9.
Complete Freund = adjuvant; 10 no immunization

hermooyanin (3.6 pg ml ™ and pative KLH (4.2 pe ml ™,
Comparatively high TL-2 levels m presence of native
modaciles of CaH (30 pg ml ™ and fagment of KLH
(20 pgoml™ ) were determined RvH (native fosm and
Fragment) ared HvH doative form) indueed IL-2 produeticn
similar to that determined 1n supernatanta of control

lymphocytes (Fig. 21

Determination of imterleukin X levels in sera of
immunized animals: The same ten gronps wera 1zed for
analysiz of the IL-2 levals in sera of the immuni med snmals
and the results are presented o Fig. 3. The highest serum
levels of IL-2 were foumd in the proup of animals injected

with natwve malecules of Helir vilgaris He arxl KLH
(30 pe ml™ and 312 pg oml™, mespectively, control
amimals 1.0 pg ml™ Comparatively Togh 1L-2 serum
levels i the groups of mice ijected with fagments of
Careinies hemosyanin (2.9 pg ml ™), Rapara hemosyiamn
(2.0 pg ml™') and of Helie vidgariz (1.6 pg ml™) were
established (Fig. 3). Matve RvH and Carcimes Hes
incheced 11.-2 production simailar to that induced by K1LH
fragment and a little higher than determined in healthy
non-treated miee (Fig. 3.

I vitre stimulation of CIDE4T cells with aulologous
dendritic cells loaded either with peptide ELAGIGILTY
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Fig. 3 I1-2 conterdt (pg ml™" i sera froan dilferent groups of mice immuonized with hemoovaning or rgments of
hemosyvanmes, Expermenmal groups: 1 Carcinny aesfora (native) hemocyarn, 2. Raparg venesg (malive)
hemeeyvanin, 3 Fapame verove hemoovamn (fagmenty, 4 Sefic vifgaris (natve) hemooyvanin, 5 Helie
vedgaris hemocyanin (fragment), 6. Corcinus acsiearii hemosyanin {fragment); 7. KLH (native), § KLH
(fragment), @ Complete Freund s adjuvant; 10 no immuanization

from Melan-A 26-35 or with NLYPMYATY firom HOMY
ppos 495-503: Monocyte derived dendritic cells of two
donors (B299, B302 which of them s shown i Fig, 1,
activated with 10 ng ml™" human THF-¢ and 20 pg ml™'
poely (T2 were used as antigen presenting cells. T cell
priming and restimulation was performed by incubation
of autelogous PEMCs (TILA-A0201+and HOCMV) 3
times with peptide-loaded activated dendrtic cells.
I vitra stimulations were carred out in 96 well plates with
1107 respander cells per well. For etrameric analyses,
calls were staad with uorescent helan A tetramer-FE,
HCAMY tetamer-APC ad CDE-FITC, Cells were gatexd
on CRET cells within the Demphocyle  population
Percentages  refer o tetamer+T  cells  witlun  the
ChEpopulation. As can be seen in Figo 48, T cells
specific for ELAGIGILTY (Melan A, ..} were detected
in all samples which were stimulated with ELAGIGILTV-
peptice. Mevertheless, no significant differences were
obtamed between the different He samples. Stimulation
with MLVPMVATV (HCMV ppés,,. ...) warked caly with
cellz of donor B30Z, ut without significant differences
between He variants (Fig. 4121,

DISCUSSION

In thes study we present the results obtained from
testing the mmune resporse of BDF] mice mmunized
by zeveral  hemocvaning  and  selecled [ragments
The parameters such a mitogen induced lvmphocyte

probiferation and the TL-2 eytokine level in serum
and supematanta were assayed. Tt was  established
that CaH (native form) stimulate the T-cell mitogen
response (S0 = 337 and Call (fragment) mereese the B-cell
mitegen response (SL = 231 of spleen lemphocvies
{Fag. 1),

Assuming that antigen presenting cells prime naive
T cells toward Ag-specific T cells and that these cells
predominantly proliferate when exposed to antipen,
we assessed e proliferation of spleen cells from
ummuniZed muee m presence of different Bemooyaning
as stimulams, For pesitive contrel Con A was wsed
these expariments, Signifwant profiferation (51 = 3,45
and 3240 was cbitained in presence of CaH-native [orm
angd fragment respectively (Fig, 1), Spleen cells froum

the mice immunized with ather hemocvanine showed
negligible simulation. The proliferation of T cells from
KLH-immunized mice in the presence of respactive KLH
(native form and fragment), was significantly lower
than the values obtained with CaH as the stimulant,
Howeever the aplenceytes harvested from CaH-immunized
mice and placed i secondary culture in vtk In presence
of Cal resulted in Call-specific proliferative response.
We also amalyred the level of TL-2 released in vitro
by stimulated T cells of mmunized mice. Thl subsets of
C-T-helper cells secrets [L-2. A Thl-associated
response was observed, with a sigmficant enhancement
of TL=2 production in the growp of mice immuonized
with CaH (5.5 pgml ™ and 3.0 pg ool ™ for native fonm and
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Fig. 4: HLA tetramer staining of PBMCs stimulated with (A) MelA 26- 35 peptide and (B) HCMV pp6549s- 503 peptide pulsed on DC, plus
different Hes: 1. Rapana venosa (native) hemocyanin; 2. Rapana venosa hemocyanin (fragment); 3. KLH (native); 4. Carcinus aestuarii
(native) hemocyanin; 5. Carcinus aestuarii hemocyanin (fragment); 6. Helix vulgaris (native) hemocyanin; 7. Helix vulgaris hemocyanin
(fragment) and 8. No Hc. Cells were stained with MelA-tetramer-PE, HCM Vtetramer- APC and CD8-FITC. Cells were gated on CD8+T
cells within the lymphocyte population. Percentages refer to tetramer+T cells within the CD8+population
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fragment respectivaly), KLH (4.2 and 2.9 pg ml ™' for native
form and fragment  respectivelyy and HvH-fragment
{3.6 pg ml~") The established T1-2 levels in the other
group of iImmumzed mice were lower (Fig, 21,

The cytokine profile of sera from mice imrmunized
with Hes indicated the induction of & Thl immune
rezponse with high level of TL-2 in the group of mice
immunized with KLH (312pz ml™') CaH-fragment
(2.4 pg ml™) and HvH-fragment (3.0 pg m1™" 1 (Fig. 31

Aceording to the present investigation Carcinns
hemogyamin (native form and fragmenth shows the most
potent immunogenicity compared to several hemeocyanins
and fragments isodated fom dilferent mollusks,

Itis known that KLH 15 a pmatocal substanee for
i vive wse in buman pathelogy as a direcl antigenms
stimulus and  oomounatherapestic agent The
unmunological response e KLH has been atnbuled
e the corbebydiate mosely han peotem alone. KLH
exhibita several carhohwdrate determinants, some of
which are immunageneic [31]. KLH can be usad alao az a
camer molecule for eonjuzation with mmer apecific
peptides and oligosaccharides and with anti-idictypae
antibodies [12, 29, 32, 33). Pandha ef of. used KLH as an
adjivant in dendnnie cell immunotherapy for urological
cancers usmg allogenie tumor-lysate pulsed cells [34].

Metastatic melanoma patients have been vacoinated
with D= pulzed with autelopous tumer lysates and KL
CDE+Tegell responses to melanoma peptides as well as
[FM-y releasing KLH-specific T cells were tound [35].
Uzing ddendritic cell of twe donors (B29% B302) a=
antrgen presenting cells, T cells specific for ELAGIGILTY
(deld, o) were detected in all samples which were
stimulated  with  ELAGIGILT Vepeptide, Meverthelass,
no sigmficant differences were ofserved batween the
different bemosvamns, Stunulation with NLVPMY ATV
(HCMY ppiSaest worked only with  eells of dener
B302, but ako without significant differences between
hemaogsy anins.

Kedding ef al. reparted a totally synthetie pentameric
vaccine based on carbohydrate antigens, which mimic
prostate tomor  associated  antigens.  Two o different
immunogenic carriers including KLH were used for the
vaceine construct [29].

In summary, our results demosstrate the pricoty of
Carcinns hemeovanin as specifie and pon specific
stimulator of mice spleen lvmphocytes, as a cumer of
higher antizen potential compared to tested hemocyanins,
The successful application of ELIT in the immunotherapy
of canger [ 23, 33, 36-38] 15 a reason to consider the present
results with patentially apphed sigficancs
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