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IMMUNOLOGICAL IMAGES OF POLYCYCLIC AROMATIC
HYDROCARBONS
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Aim: To develop experimental model for definition of immunological images of chemical carcinogens. Materials and Methods: The conjugates
of benzo[a]pyrene, benz[a]anthracene, anthracene, chrysene and pyrene with bovine serum albumin and yeast hexokinase were synthesized.
Rabbits were immunized by bovine serum albumin-hapten conjugates. Antibodies to each hapten were isolated from the serum by affinity
chromatography with the hapten-yeast hexokinase-Sepharose sorbents. The binding of each hapten with each antibody was determined by
competitive immunoassay. Results: The immunological images of all the investigated chemical compounds were described. Conclusion: The
model is proposed to determine the internal immunological images of anti-idiotypic monoclonal antibodies to chemical carcinogens.
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New approaches for immunoprevention of cancer
and other diseases, induced by chemical carcinogens,
were established during last years [3]. The most ef-
fective vaccine against chemical carcinogens could
be anti-idiotypic monoclonal antibodies (mAb). They
are not carcinogenic and at the same time they carry
so called “internal immunological image” of a car-
cinogen and are able to induce anti-carcinogenic
Ab. Chagnaud et al. [1, 2] showed that anti-idiotypic
mADb to benzo[a]pyrene (Bp) slowed the appearance
and growth of tumors induced by Bp in experimental
animals. However, this method for preparation of mAb
does not specify which polycyclic aromatic hydrocar-
bon (PAH) corresponds to the internal immunological
image in Ab. The object of the present study is to
develop experimental model to define immunological
images of chemical carcinogens and to describe the
immunologicalimages of Bp, benz[a]anthracene (Ba),
anthracene (Ac), chrysene (Cr) and pyrene (P).

Synthesis of PAH-protein conjugates. The
conjugates of Bp, Ba, Ac, Cr and P with bovine serum
albumin (BSA) for animal immunization and yeast
hexokinase (HK) for affinity immobilization were syn-
thesized by method described earlier [4, 5].

Five PAH-BSA immunogenes were synthesized
as followed. We mixed 1 ml BSA (100 mg dissolved in
0.1 M NaOH) and 1 ml pyridine with one of each com-
pound:17.5 mg Bp-6-; 14.6 mg Ba-7-; 11.7 mg Ac-9-;
16.0 mg Cr-6-; 10.2 mg P-1-carboxaldehyde, diluted in
1.5 mlof pyridine. After 5 h of stirring, solution of 7.5 mg
sodium borohydride in 0.1 ml water was added. Then
after 1.5 hthe excess of the reductant was decomposed
by 50 ul of acetic acid and protein was precipitated with
10 ml acetone. The precipitate was repeatedly washed
with acetone and immediately dried under vacuum.
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The PAH-HK conjugates were synthesized from
70 mg of HK, 1 ml of 0.06 M NaOH and one of
7.3mgBp-6-;7.9mgBa-7-;6.0mgAc-9-; 8.5mgCr-6-
or 6.1 mg P-1-carboxaldehyde by means of the above
method. 50 mg acrylamide was added at the stage of
reduction of the conjugates with sodium borohydride.

Hapten density for the obtained conjugates was
25 + 2 and 15 = 1 molecules of PAH per BSA and HK
molecules, respectively.

Animal immunisation. Rabbits were immunized
according to the following scheme: PAH — BSA conju-
gates (2 mg) were administered intramuscularly every
week, the firstinjection —in 0.5 ml of complete Freund’s
adjuvant (Sigma, USA), the second injection —in 0.5 ml
ofincomplete Freund’s adjuvant, the third injection —in
1 mlof distilled water. Then, every 2 weeks booster injec-
tions of 1 mg of conjugate in 1 ml of distilled water were
administered. Blood was taken intwo-month period after
the beginning of immunization once every two weeks.

Purification of hyperimmune antisera on affinity
columns. The PAH-HKIligands were immobilized on cya-
nogen bromide activated Sepharose 4B according to
the protocol of Pharmacia. After the antiserum sample
application, the column was washed with PBS, pH 7.5,
then Ab were eluted with 0.1 M glycine buffer, pH 2.5,
and extensively dialyzed against PBS. Concentration of
Ab in sample was determined with UV spectroscopy.

Enzyme immunoassay procedure. Affinity-puri-
fied Ab were pre-incubated with solutions of each five
conjugates PAHs-HK at 37 °C for 1 h. Five samples of
each anti-PAH Ab to each PAH were prepared. The
final concentration of Ab in the mixes was 4 ug/ml, the
concentration of PAH-HK conjugates — 100 pg/ml.
Preliminary experiments revealed that at these optimal
concentrations the binding of Ab (e. g., anti-Ac Ab)
with the corresponding coating conjugate PAH-HK
(Ac-HK on the plate) decreases by the same conjugate
(Ac-HK) more than by 75%. Then, these mixes were
added to wells of polystyrene microtiter plates with
coating antigens so that each anti-PAH Ab had the cor-
responding coating PAH-HK conjugate (e. g., mixes of
anti-Ac Ab with PAHs-HK were added to wells coated
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with Ac-HK). Ab-hapten binding was detected by the
standard technique using peroxidase-labelled goat
anti-rabbit IgG [5]. Absorbance values in wells with
Ab without adding the competitors were used as the
control. Then, parameters of Ab binding decrease were
calculated for each competitor and expressed in %.
Purifed polyclonal anti-PAH Ab were isolated from
rabbit antisera after the immunization of their PAH-BSA
conjugates on PAH-HK-Sepharose 4B affinity columns.
As a result, 0.14-1.2 mg of Ab was eluted from 1 ml of
antiserum. By means of the non-competitive ELISA it
was found out that the resulting Ab did not react with
BSA and HK, but they reacted with PAH-HK conjugates,
i. e. this method allowed us to get rid of accompanying
Ab to protein-carrier and to isolate Ab to hapten. The
parameters of binding decrease for each of Ab with the
corresponding coating PAH after pre-incubation of Ab
withthe Ac, Ba, Bp, Cr and P competitors are submitted
in the Table. As one may see, the maximal binding de-
crease (more than 75%) is observed after the incubation
of each Ab with the PAH conjugate which was used for
immunization and affine purification of Ab. Competitive-

ness of other PAHs was always less pronounced.
Table. Parameters of binding for each Ab with corresponding coating PAH
after pre-incubation of Ab with the Ac, Ba, Bp, Cr and P competitors
Affinity-purified anti-PAH Ab / coating antigen PAH-HK

Competitor anti-Ac/Ac_anti-Ba/Ba_anti-Bp/Bp anti-Cr/Cr _anti-P/P.
Ac 86 19 35 14 7
Ba 23 7 n 45 12
Bp 16 55 87 54 17
Cr 15 50 78 93 20
P 19 50 72 33 76

The horizontal lines of the Table show the activity
of each of the five PAHs in separate pairs of anti-PAH
Ab and its inducing antigen, e.g., such a competitor
as Ac decreases the binding in the anti-Ac Ab/Ac-HK
pair by 86%. Further follow the parameters of binding
decrease for the following pairs: anti-Ba Ab/Ba-HK
(19%), anti-Bp Ab/Bp-HK (35%), anti-Cr Ab/Cr-HK
(14%) and anti-P Ab/P-HK (7%). Thus, the affinity of
Ac with all the anti-PAH Ab decreases from greater to
smaller in the following order:

Ac:  Ac > Bp > Ba > Cr > P

The sequences for other PAH are as follows:
Ba: Ba > Bp > Cr > Ac > P
Cr: Cr > Bp > Ba > P > Ac
P: P > Bp > Ba > Cr > Ac
Bp:  Bp > Ba > Cr > P > Ac
The affinity of each investigated PAH in relation to
each obtained anti-PAH Ab has characteristic specific
features. Firstly, the highest affinity of each of the PAH
to anti-PAH Ab induced by a corresponding PAH is de-
tected, and secondly, the affinity of Ac, Ba, Crand P to
anti-Bp Ab. Each of these compounds is to some extent
a structural element of Bp, thatis why, the interaction of
the binding site of Ab with PAH hapten is not sterically
hindered. The affinity of Ac to anti-Ba Ab (with a weaker
binding compared to anti-Bp Ab) comes third, probably,
due to a smaller size of the binding site of anti-Ba Ab
than that of anti-Bp Ab, though Ac is a structural element
of both Ba and Bp molecules. In all other cases lower
affinity of PAH to Ab with different specificity is due to

some unobservable differences in structure and size
between antigen and binding site of Ab.

Five diagrams of internal immunological images of
investigated PAH are presented in the Fig. 1. Each diagram
contains five axes, corresponding to decrease (in %) of
binding between affinity-purified anti-PAH Ab and antigen

inducing them in the presence of the PAH competitor.
Benzo[a]pyrene Benz[a]anthracene Pyrene

Figure. Internal immunological images of PAH. The axes show
the decrease of Ab binding to absorbed corresponding PAH after
preincubation of Ab with PAH-competitor (in %)

The most significant immunological similarity was
observed for Bp and Ba. Their diagrams are almost
indistinguishable, though the Bp molecule contains 5
fused aromatic rings, the Ba molecule — 4. The other
two compounds of this chemical group, namely Cr and
P, like the Ba molecule, consist of 4 rings, but they great-
ly differ from Ba and from one another as to the internal
immunological image. The internal immunological im-
age of three-ring Ac has even more prominent features,
completely different from the other four images.

Thus, insignificant differences in the structure of
chemical compounds with low molecular weight result
in significant differences in their internal immunologi-
cal images. Even PAH with the same amount of, but
differently fused, aromatic rings (Ba, Cr, P) possess
different internal immunological images.

Affinity-purified polyclonal Ab with high affinity to
Ac, Ba, Bp, Cr and P were obtained. Ab were shown to
react not only with the PAH — immunogene and affini-
ty-sorbent, but with structurally similar molecules. The
affinity of each of the five PAH to different purified Ab
was found to have its characteristic specific features.

The highest affinity of each PAH was observed for Ab,
induced by each PAH. Also, lower affinity of Ac, Ba, Crand
P was found for anti-Bp Ab. It can be easily explained by
the fact that all substances include one part of Bp structure
and can freely interact with specific binding site of anti-Bp
Ab. It is evident that during immunization by Bp, lympho-
cyte clones with surface-cell immunoglobulin receptors,
more complimented to Bp, are activated at first stage. The
resulting Ab possess highest affinity to Bp, and atthe same
time they are able to bind to PAH with lower molecular
weight, which are structural part of the Bp molecule.

It can be assumed that during immunization by
6-ring PAH with molecular weight, exceeding mo-
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lecular weight of Bp, Ab with hight affinity to this PAH,
appreciable affinity to Bp and other types of PAH with
less molecular weight are most likely to be formed. It
is evident that increase in the number of anti-PAH Ab
allows us to reveal specific immunochemical proper-
ties of any investigated PAH in more precise detail.
All parameters of affinity of each PAH to wide spectra
of anti-PAH Ab in our model system can be called as
immunological image of PAH. The graphic represen-
tation of PAH immunological images is one of most
convenient illustraton of their features.

The established model the PAH immunological
images can be applied to define the internal immuno-
logical images of anti-idiotypic Ab to PAH and other
chemical carcinogens. If we investigate anti-idiotypic
Ab to PAH in terms of our model and compare its ability
to bindihg decrease of affinity-purified anti-PAH Ab with
corresponding PAH, its internal immunological image
can be observed. Chagnaud et al. [1, 2] used serum
gamma-globulin fractions, containing anti-Bp Ab, to
prepare monoclonal anti-idiotypic Ab. Meanwhile, it is
evidentthatin addition to anti-Bp Ab, other anti-PAH Abs
were also present in these fractions. Experimentaly itis
stated that cross-reactivity between even affinity-puri-
fied Ab with high specificity to corresponding PAH and
other structurally similar compounds occurs. Therefore,
the internal immunological image of Ab obtained by
Chagnaud et al. remained unaccounted.

Moreover, the technique of preparing monoclonal Ab
does not exclude the fact that obtained Ab does not pos-
sess predetermined specificity, i. €. the highest affinity to
inducing hapten. Li K et al. [7] studied the mAb 10C10,
prepared earlier against Bp by Gomes et al. [6]. They
shown that binding of mAb with fluorene 9 fold and with
naphthalene — 95 fold stronger then with Bp. Therefore,
to prepare monoclonal anti-idiotypic Ab to carcinogen, it
is more expedient to use the affinity-purified Ab for im-
munization. Thus, the probability of induction of required
clone increases. For screening clones, it is necessary
to use wide spectra of affinity-purified Ab together with
corresponding structurally similar compounds.

Itallows usto choose the clone, producing anti-idioty-
pic Ab, which internalimmunological image corresponds
to the structure of initial carcinogen with highest degree.

This patterns, revealed by authors, can be useful for
preparation of anti-carcinogenic vaccines, based on
the anti-idiotypic Ab. Apparently, initiated carcinogen,
intended for this purpose, must be the substance with
molecular weight lower than that of Bp, for example any
fjord-region of PAH [8]. In that case the corresponding
anti-idiotypic Ab will provide immune protection against
carcinogens with different chemical structure.
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MMMYHOJIOT'MYECKUE OBPA3bI MOJIMLUUNKITUMECKUX
APOMATUYHECKUX YTNIEBOAOPOAOB

I]eav: pa3paGoTKa IKCNEPHUMEHTAJIbHOI MOJIENH /LISl ONpe/ieieHNs] HMMYHOJIOTHYECKHX 00Pa30B XMMHYECKMX KAHIIEPOTeHOB.
Mamepuaavt u Memoobt: CAHTE3UPOBAHbI KOHBIOTATHI 0eH30 [ a]mupena, 6ens[a]anTpaneHa, aHTpaneHa, MMPEHa U XPU3eHa ¢ ObIYbUM
CHIBOPOTOYHDBIM AJIbOYMHHOM U JIPOMIKEBOi reKCOKMHA30i. KpoIMKOB MMMYHH3HPOBAIM KOHBIOTATAMH C ObIYbMM CHIBOPOTOYHBIM
aJIbOYyMHHOM B KayecTBe 0eIKa-HOCHTeISl. AHTHTEIA K KA2KI0MY U3 TaNTeHOB BbIIeJISIN 13 ChIBOPOTKH ad(uHHO# XpomaTorpadueii
Ha copOeHTaX ranTeH-ApoxcKeBas rekcokuHasa-Sepharose. CnocoOHOCTb AHTHTE CBA3BIBATHCSA C COOTBETCTBYIOIMMH ranTeHAMH
omnpeelisijii C NOMOIIbI0 KOHKYPEHTHOTO UMMYHOAHAIM3a. Pe3yivmampt: B pe3ylibTaTe UCCAEA0BAHUS 0XAPAKTEPHU30BAHBI
HUMMYHOJIOTHYECKHE 00PA3bI HCCIIEIYEMbIX XHMUYECKHX KAHIIEPOTeHOB. Bbl600b!: IPE/IIOKEHHAS MOZIEJTb IA€T BO3MOKHOCTH ONpeNeNisiTh
BHYTPEHHHE HMMYHOJIOTHYECKHE 00pa3bl AHTUMANOTHIIMYECKHX MOHOKJIOHAJIbHBIX AHTUTEJI K XUMUYECKMM KAHIIEPOTeHaM.
Karoueevie cr06a: AMMYHOJIOTHYECKHIT 00Pa3, XUMUYECKHIl KAHIIEPOTeH, AHTUTEIA.
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