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Photoactive immunoconjugate of hematoporphyrin with
antibodies against vascular endothelial growth factor:
preparation, physicochemical and biological properties.
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Preparation of photoimmunoconjugates on the basis of hematoporphyrin and antibodies to the vascular
endothelial growth factor (VEGF) has been described. The obtained conjugate preserved physicochemical
and biological properties of both protein component and porphyrin part, i.e. hematoporphirin. It was shown
that accumulation of the photoimmunoconjugate with VEGF antibodies in chicken embryo membranes was
2.5 times higher at the period of neovascularization in comparison with the stabilization period.
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The low-traumatic method of photodynamic therapy
(PDT) has been recently used for the treatment of ma-
lignant neoplasms. According to this method an organ-
ism with tumor is treated by photosensibilizators,
which are accumulated in malignant cells making them
light-sensitive. Hence, the following irradiation can se-
lectively ruin the tumor cells. This method provides
higher in damaging tumor cells selectivity comparing
to the methods of radiotherapy and chemotherapy. This
selectivity can be explained by higher accumulation
and prolonged storage of photosensibilizator in tumor
cells in comparison with normal tissues. However, it
does not provide very high percentage of
photosensibilizator cumulating in tumors because
these compounds can be also accumulated by normal
tissues. Because photosensibilizators had no satisfac-
tory selectivity in accumulation by tumor cells, the in-
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vestigators made an attempt to find some new ap-
proaches for PDT that at least provide effective
photosensibilizator targeting to malignant tissues.

New D. etal [1] made the first step in this direction.
They showed that conjugates of hematoporphyrin
chemically coupled with antibodies to specific surface
tumor antigens were preferentially accumulated in tu-
mor cells. This investigation opened a way for the tar-
get photodynamic therapy, when not only antibodies
[2] but also cytokines [8], growth factors and their re-
ceptors, etc [9-13] could be used for targeting.

In recent years the antivascular effect of PDT has
been intensively investigated [14].This research was
directed on both the screening of new
photosensibilizators, affecting the tumor vascular sys-
tem, and effective photosensibilizator delivery to the
vessels actively formed in a tumor. One of the perspec-
tive methods of such selective delivery is introduction
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of photosensibilizators in the form of conjugates with
angiogenesis inducers and antibodies against them.

Materials and methods. Polyclonal antibodies di-
rected against VEGF were obtained by rabbit immuni-
zation using a method of induction of local immune re-
action of the lymph nodes by low dose antigen with
Freund’s adjuvant [15].

To obtain antibodies the murine angiogenic factor
was prepared as described in [16]. Hematoporphyrin
was used as a porphyrin compound of
hematoporphyrin-dihydrochloride conjugate (Sigma,
USA). Carbodiimide-HCL was used as a linker for the
mentioned conjugate.

Conjugates of antibodies with porphyrin com-
pounds were obtained according to the following
scheme [1]: 20g of hematoporphyrin was diluted in 3
ml of the solvent (water: dimethyl formamide, 2.5:0.5).
20 mg of l-ethyl-3-(3-dimethylaminopropil)-
dimethylcarbodiimide diluted in 0.5ml of water was
added to the porphyrin solution. The solutions of
hematoporphyrin and linker were mixed and stayed at
room temperature for 30 min. After reaction 900 mg of
antibodies diluted in 5 ml of buffered phosphate solu-
tion, pH 7.2 was added to an active hematoporphyrin
—linker complex. The obtained mixture stayed for 5
hours with periodical stirring. During this procedure
pH of the mixture was adjusted to 6.0-7.0. To stop the
reaction 50ul of monoethanolamine was added at the
end of the incubation period (Shours).

The mixture was left at room temperature for 12
hours and then dialyzed against the solution of water:
dimethyl sulfoxide, 2.5:0.5, for 72 hours, the dialysis
solution being periodically changed. After dialysis the
obtained conjugate was lyophilized. Absorption spec-
trum  was  registered using Nano  Drop
spectrophotometer, USA.

Immunoconjugate phototoxicity was determined in
the model of photoinduced erythrocyte haemolysis due
to hematoporphyrin activity of the complex [1]. Blood
of healthy rats was washed three times in physiological
solution and PBS, ratio 1:5. After washing the erythro-
cyte fraction was centrifuged at 500g for Smin. The
pellet was diluted in PBS, 1:20(volume/volume). Each
probe contains 200 pl of the diluted erythrocyte sus-
pension and 150 pl of PBS. Experimental probes con-
tain 50 ul of the investigated conjugate. Control probes

contain 50 pl of hematoporphyrin stock solution (20
mg of hematoporphyrin was diluted in 3 ml of the mix-
ture water:dimethyl formamide, 2.5:0.5). To determine
photosensibilizator dark activity some of the experi-
mental and control probes were kept in the darkness.
Experimental probes were irradiated by the ordinary il-
luminator, light intensity till 1.5mWt per cm’ for 5 min
with periodical stirring. After irradiation the samples
were centrifuged at 500g for Smin. 100 pl of the
supernatant were added to 900 pl of Drobkin reagent
(test-system for quantitative hemoglobin determina-
tion). The amount of hemoglobin, which was released
as a result of erythrocyte damage by hematoporphyrin,
was measured with spectrophotometer at 540 nm. A
calibration curve was made according to the
test-system instruction.

A specific activity of anti-VEGF antibodies in their
conjugates with porphyrin compounds ( one of the
main characteristics of the obtained complex) was esti-
mated by ELISA with VEGF as an antigen [15]. The
antigen was adsorbed on the plate, 10ng per well.

The level of conjugate accumulation in the
neo-angiogenesis zone was analyzed on the chicken
embryo chorioallantoic membrane.
Photosensibilizators (2mg per kg) were injected into
allantois of embryo at 6" and 10" day of the develop-
ment [17]. In 24 hours after photosensibilizator injec-
tion, when hematoporphyrin was injected to control
group and conjugate with VEGF antibodies to experi-
mental one, chorioallantoic membranes were extracted,
homogenized in 0.1M NaOH (3ml/0.5g of tissue) and
centrifuged at 15,000g for 20min. The content of
photosensibilizator agent, hematoporphyrin, was de-
termined in the supernatants by the spectrophotometer
method at 505 nm.

Results and Discussion. The absorption spectra of
the investigated conjugate did not reveal any essential
changes in absorption of both: porphyrin and protein
component of the complex as compared with the ab-
sorption spectra of the minor component i.e.
hematoporphyrin (see Fig.1). It is known that
porphyrin compounds can absorb at 390-600nm with
the absorption peak at 505nm. The spectrum has 4
lines, one of which, Sare line is a characteristic feature
of the porphyrin compounds. The conjugates obtained
had the same absorption region of 390-600nm with
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Fig. 1. The absorption spectra of hematoporphyrin (/) and
conjugate of hematoporphyrin with antibodies against VEGF (2)

Sare line also present. According to the comparison of
spectra no essential changes were found in physical
properties of porphyrin compound of the conjugate and
hematoporphyrin itself. The protein component of the
conjugate, i.e. antibody, did not seem to change either.

In full absorption spectrum, 190-690nm, we could
observe constant absorption peak at 260nm, which is
an exact protein characteristic. Therefore, the conju-
gate composed of hematoporphyrin
photosensibilizator and polyclonal antibodies to EGF
practically does not lose the absorption properties of
the original components 1i.e. antibodies and
hematoporphyrin.

Molar ratio of hematoporphyrin and antibodies
equal to 4.2 was determined by absorption at 505 and
280nm correspondingly.

Investigating the immunoconjugate phototoxicity
we found that equivalent amount of the conjugate and
original photosensibilizator, hematoporphyrin had the
same activity in erythrocyte haemolysis (Fig.2). Note-
worthy, that in the probes, which stayed in the dark-
ness, the erythrocyte haemolysis reaction was not ob-
served. It can evidence, that the conjugate does not pos-
sess dark phototoxicity.
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Fig. 2. The hemolytic activity of hematoporphyrin conjugated with
antibodies against VEGF (/) and stock hematoporphyrin (2),was
determined in the model of photoinduced erythrocyte haemolysis

Specific antibody activity in the conjugates with
porphyrin compounds is one of the main characteristic
of such complexes. The investigation showed that the
conjugate formation between hematoporphyrin with
VEGF antibodies using carbodiimide as a linker made
influenced essentially on the specific antibody activity
in the conjugates. The titer of these antibodies in the
ELISA antigen-antibody test was 12,800 that are twice
less than the titer non-conjugated antibodies - 25,600
(Fig.3).

The study on specific conjugate accumulation in
neoangiogenesis zones of chicken embryo showed an
essential difference in the accumulation of photoactive
compound by the vascular system of chorioallantoic
membrane on the 6" and 10" day of the development
(Fig.4).

It is known, that on the 6" day the chorioallantoic
membrane of the embryo is characterized by maximal
endothelium proliferation and capillary formation.
However on the 10" day of the development we could
notice stabilization of neovascular processes in mem-
branes. In 24 hours after the conjugate injection the dif-
ferent level of photosensibilizator accumulation could
be observed in the chorioallantoic membranes. On the
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Fig. 3. The titer of anti-VEGF antibodies in the ELISA
antigen-antibody test:: / — non-conjugated antibodies; 2 —
conjugates with hematoporphyrin

6" day of the embryo development it was accumulated
in 2.5 times more hematoporphyrin conjugated with
VEGF antibodies in comparison with the embryo of the
10" day of the development. Because the latter is char-
acterized by the stabilization of neovascular processes,
these data denoted vasotropic effect in the way of
photosensibilizator accumulation. It happened as a re-
sult of photosensibilizator targeting immediately into
the zones of active angiogenesis. The chorioallantoic
membranes on the 6" day of the development just may
be considered as such zones.

The sense of PDT is
photosensibilizators into an organism containing tumor
for their selective accumulation by tumor cells. How-
ever, the photosensibilizators, which are currently used
in oncology, do not posses such selectivity. There is a
real way to make them selective: to create conjugates
on the base of photoactive compounds and biologically
active substances. These conjugates should provide tar-
geting of photosensibilizators towards tumor cells. The
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Fig. 4. The accumulation of hematoporphyrin conjugated with
VEGF antibodies (a) and stock hematoporphyrin in chicken

embryo chorioallantoic membranes on the 6™ and 10" day of the
development

tumor vascular system could be an efficient target for
such purpose.

Our study on the chorioallantoic membranes of
chicken embryo has shown that the photoactive conju-
gate of hematoporphyrin with VEGF antibodies is able
to accumulate just in the zones of active development
of capillary net in embryo membranes. After
neo-angiogenesis stabilization (10" day of the embryo
development) the accumulation of photoactive conju-
gate by membranes was sharply decreased. Taking into
consideration these results we can state that the ob-
tained conjugated photosensibilizator has vasotropic
properties. This allows us to develop the method to pro-
vide photodynamic targeting action on the neoplasm
vascular system through angiogenically activated en-
dothelial cells, which take part in the formation of
neovascularization  zones during the tumor
development, further growth and metastasis.

The preference of endothelial cells as targets for tu-
mor treatment can be explained by the expression on
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their surface of the receptors for angiogenesis
cytokines, particularly EGF.

The application of such variant of targeting PDT
could strengthen the photodynamic anti-tumor effect
while decreasing the dosage of the injected
photosensibilizators and lowering the level of their
toxicity.

Conclusions. 1. The photoactive bioconjugate of
VEGF antibodies with photosensibilizator,
hematoporphyrin, has been obtained.

2. The conjugate practically does not lose physical
and biological properties, which are characteristic of its
protein component, antibodies, and its porphyrin com-
ponent, hematoporphyrin.

3. It has been shown that the conjugate accumula-
tion in the chorioallantoic membranes of chicken em-
bryo with the maximal endothelium proliferation (on
the 6" day of the embryo development) was 2.5 times
higher in comparison with the embryo membranes on
the 10" day of the development i.e. the period of stabili-
zation of neo-vascular processes .

1. O. Jlicnak, H. JI. Hosuuenko, A. A. Mamuyp, M. @. I'amanis

OTpuMaHHs Ta BIACTHBOCTI (OTOAKTHBHOTO iMyHOKOH IOTaTy Te-
Matonop(dipuHy 3 aHTUTIIAaMHU 10 (pakTOpa POCTy eHAOTETIAThHUX

KJTITHH

Pesrome

Onucano memoo ompumants omoiMyHOKoOH 102amie Ha 0OCHO8I 2e-
mamonop@ipuny ma anmumia, cneyugiunux 0o gakmopa pocmy
enoomenianonux kaimun (VEGF). Odepocanuii ko 'toeam s3bepieae
Gisuxo-ximiyni ma 0ionoeiyni enracmugocmi AK OLIKO8020 KOMNO-
HeHma KoM 'tozamy, max i nop@ipunogoi ck1adoeoi — eemamo-
nop@ipuny. [lokaszano, ymo nakxonuuenns omoimyHoxon oeamy 3
awmuminamu 0o VEGF y membpanax kypsuux emOipoHie 8useunocs
6 2,5 pazy suwum y nepio0 Heosackyiapuzayii, aKa po3eusacmocs,
nopieusHo 3 nepiodom cmadinizayii.

Kntouosi crnosa: pomoounamiuna mepanis, anziocenes, KOH 10-
eamu, eemamonop@ipun, VEGF.

U. A. Jlucnax, H. JI. Hoeuuenxo, A. A. Mamuyp, H. @. I'amanres

[Tomyuenue u cBoiicTBa POTOAKTUBHOTO HMMYHOKOHBIOTATa
reMaTonopdupuHa ¢ aHTHTEJIAaMH K paKkTopy pocTa

SHAOTEIHATIBHBIX KIETOK

Pesome

Onucan memoo nonyyeHus GomouMMyHOKOHBI02AMO8 HA OCHO8e
eemamonopupuna u aumumen, cneyuGuUUHbLIX K paxmopy pocma
anoomenuanvuwix kiemok (VEGF). [lonyuennsviii Konvrozam coxpa-

60

Hem QU3UKO-XUMUYECKUE U OUOLOSUYECKUE C8OUCEA KAK OelKo-
6020 KOMNOHEHMA KOHDBIO2AMA, MAK U ROPPUPUHOBOL COCMABIAIO-
wei  — eemamonopupuna. Ilokazano, umo  Haxonienue
domoummynorkonviocama ¢ anmumenamu Kk VEGF ¢ membpanax ky-
PUHBLX IMOPUOHOB ObLI0 6 2,5 pasza eviuie 8 nepuod passusarouelics
He08ACKYAAPUAYULU NO CPABHEHUIO ¢ NEPUOOOM CIAOUNUZAYUY.

Kurwouesvle cnoga: pomoouHamuyeckdas mepanus, AHeUOEHEs,
Konviocamu, cemamonopguput, VEGF.
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