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Alzheimer's Disease (AD) is the most common form
of dementia that increases in incidence with age. The pa-

thology of the disease is associated with the presence of .

neuritic and diffuse plaques in the brain. The main com-
ponents of plaques, ABs, or APy, are 42 or 40 amino acid
peptides that result from abnormal cleavage of membrane
bound Amyloid Precursor Protein (APP) by the B and y
secretases. Recently several groups have reported that
immunization with AP peptide formulated in CFA/IFA
adjuvant dramatically increases the clearance of amyloid
plaques from brain tissues in APP/Tg mice models of AD.
In addition, active immunization not only protects vacci-
nated mice from functional memory deficits but also im-
proves pathology of AD-like disease in older animals
[5.15,19,27]. On the other hand passive administration of
anti-AB monoclonal antibodies to APP transgenic mice
also resulted in the decrease of AP level in the brain and
improved the pathology of AD-like disease [3, 8]. More
recently, it has been demonstrated [9] that passive immu-
nization in fact could rapidly reverse memory deficits in
an object recognition task in 24-month old PDAPP (APP
gene driven by a platelet-derived (PD) growth factor pro-
moter) mice without altering brain AB burden. Thus, the
results reported by different groups indicate that Ap is a
major target for a vaccine development against AD.

Based on these impressive results and the lack of ad-
verse autoimmune-type reactions to AB-immunotherapy in
the several animal models (mice, rabbits, guinea pigs and
monkeys), Elan in collaboration with Wyeth-Ayerst began
clinical trials with their AN-1792 vaccine on AD patients.
Unfortunately, the trial was halted when approximately
5% of the participants developed some degree of menin-
goencephalitis [4,12, 28,29,33]. The cause of the menin-
goencephalitis in a subset of the patients has not yet been
determined, and all of the patients were reported to re-
spond favorably ‘to treatment for the meningoencephalitis

[28]. Interestingly, the antibody titers did not correlate
with the severity of signs and symptoms in the AN-1792
clinical trial, and some of the patients that developed men-
ingoencephalitis did not have detectable levels of anti-AB
antibodies [13]. This suggests that the adverse reaction to
AB-immunotherapy was not due to the humoral antibody
response, but rather to a T helper 1 (Thl) cell-mediated
autoimmune response to AN-1792. This interpretation of
the adverse response to AN-1792 is supported by the case
report by Nicoll et al. [21] on the neuropathology of hu-
man Alzheimer’s disease after immunization with multi-
ple doses of the AN-1792 vaccine. Examination of the
brain revealed the presence of T lymphocyte meningoen-
cephalitis and infiltration of macrophages in white matter
areas. The potentially exciting results from the case report
were that extensive areas of the neocortex contained very
few APB-plaques. This suggests that AB-immunotherapy
may be capable of reducing the amyloid load in the hu-
man brain as was previously shown for APP/Tg mice.
Additional data supporting the concept of AB-
immunotherapy have recently been reported by Hock et
al. [14]. These authors provided the first evidence that
antibodies against AP can slow the cognitive decline in
AD patients (n=30) involved in the AN-1792 clinical trial.
Although, the study by Hock et al. [14] was small (a total
30 patients) and the meningoencephalitis side effect re-
mained a problem, the data presented showed that the
concept of vaccination may be possible [34].

Another strategy is to use passive DNA vaccination
technique. Previously using this technique, potent hu-
moral and cellular immune responses were generated
against viral and tumor antigens [1,2,10,25,32]. Accord-
ingly, in this study several plasmids were constructed for
i{loculation of mice by three different routes of immuniza-
tion.
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Materials and Methods

Mice

Eight or ten week-old female BALB/c and B6/SJLF1
mice were purchased from Jackson laboratories and
housed in the animal facility at the Institute for Brain Ag-
ing and Dementia, UCI. All animals were housed in a
temperature and light-cycle controlled facility.

DNA Constructs

In order to develop DNA (genetic) vaccine against
AD, four different plasmids were constructed: pmApBy;,
encoding transmembrane form of AB42; psApBs,, encoding
secreted form of ABy;; pABas-IL4 and pABy,-IL4 encoding
chimeric proteins, where marina IL4 is fused with human

5’-GGAAGATCTCTCGCTATGACAACACCGCCCACCATG-3'
5'-GCTAGCTTACGCTATGACAACACCGCCCACCATG-3’
5’-GATATCGATGCAGAATTCCGACATGAC-3'

In order to use the same pVAC vector for cloning of
ILA-ABs; and IL4-APB,s fusion proteins, IL2 signal se-
quence was removed from the vector since IL4 gene con-
tains its own leader sequence. Ncol/BamHI fragment of
pVAC vector was amplified by PCR with primers exclud-

5'-GGGCCACCATGGGTCTCAACCCCCAGCTAG

5'-CCTGAGTCATGTCGGAATTCTGCATCGGCGCCCGAGTAATCCATTTGCATGATGCTCTTTAGG
5'-CCTAAAGAGCATCATGCAAATGGATTACTCGGGCGCCGATGCAGAATTCCGACATGACTCAGG

5'-GCTAGCTACGCTATGACAACACCGCCCACCATG

Briefly, in the first PCR reaction, two DNA fragments
corresponding to murine IL4 or human AP peptides (ABs
or APBys) were amplified by the creation of overlapped
sequences at expected junctions. In the second PCR reac-
tion the amplified DNA fragments were then combined
and the full-length IL4-AB4; or IL4-AB,; hybrid DNAs
were obtained using forward primer for IL4 gene and re-
verse primer for APy, or A, sequences, respectively. The
amplified DNA fragments were treated with BamHI and
Nhel restriction enzymes and ligated into pVAC vector
with deleted IL2 gene leader sequence. The structure of
psHA-mC3d3 encoding HA of influenza and 3 copies of
C3d component of complement was described previously
[26]. The correct sequences of generated DNA constructs
were confirmed by nucleotide sequence analysis. All plas-
mids were purified by Endofree plasmid maxi kit
(Qiagen). Purity of DNA was confirmed by UV spectro-
photometry (260nm/280nm absorbance ratio >1.7) and gel
electrophoresis.

Transfection of cells and expression of plasmids

Transfection of CHO cells with psABsz, pABas-IL4 and
pABs-IL4 was discussed earlier [10]. To detect the ex-
pression of pmABu, plasmid, 8x10° CHO cells were tran-

ABys (spanning first 28 were ABs,) or APy, respectively.
To generate these constructs, DNA fragment encoding
ABgpand APy peptides was amplified on human APP
cDNA template by PCR. The pmApB,, was constructed by
cloning ABs; PCR fragment into pVAC (Invivogen) ex-
pression vector in the frame between IL2 signal sequence
and C-terminal transmembrane anchoring domain of the
placental alkaline phosphatase (PLAP) at BamHI/BgIII
restriction sites. The psAPs; was generated introducing
stop codon at the end of APy, sequence and cloning it into
pVAC expression vector using BamHI/Nhel restriction
sites, which allowed to delete PLAP domain from the
plasmid. The following primers were used for the con-
struction of transmembrane and secreted forms of AB:

reverse for mABs,
reverse for sABg
forward for AP

ing IL2 signal sequence and recloned into the same vector
digested with Ncol and BamHI restriction enzymes. Plas-
mids encoding H.A-Aﬂq (pAﬂa-IIA) and H.A-Apzs
(pABas-IL4) fusion proteins were generated by overlap-
ping PCR technique using the following primers:

forward for IL4
reverse for IL4
forward forAB
reverse for APy

siently transfected with 2ug of pmABs; by Lipofectamine
Plus Reagent (Invitrogen) and expression of the plasmid
was analysed by immunoprecipitation (IP) in the lysate of
transfected cells. Briefly, transfected CHO cells were har-
vested after 48 h of growth at 37°C, 10% CO, in DMEM-
10% FBS by trypsinization, washed with PBS and resus-
pended in 6M guanidine-HCI. After sonication, the cell
lysate was dialyzed against S0mM Tris-HCI buffer con-
taining 0.5M guanidine-HCI. The first cell lysate was
mixed with 0.5 pg monoclonal anti-Af 6E10 antibodies
(Signet) and 10pul of Protein G Sepharose beads
(Amersham) and incubated at 4°C overnight. After incu-
bation beads were collected by centrifugation at 1000x g,
washed twice with PBS, resuspended in electrophoresis
sample buffer, boiled 3 min and loaded onto 16% Tricine-
SDS-polyacrylamide gel. HRP-conjugated protein mark-
ers were used as molecular weight standards. Proteins
were transferred on the nitrocellulose membrane by elec-
troblotting at constant voltage 100V in 25 mM Tris, 192
mM glycine and 20% methanol as a transfer buffer. Non-
specific binding was blocked by incubating membrane in
TBS containin§ 5% nonfat dry milk and 0.05% Tween-20
overnight at 4°C. The nitrocellulose membrane was incu-
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bated with monoclonal anti-human-AB 6E10 antibodi.es
(0.2 mg/ml) in the same buffer followed by washing with
TBS-Tween-20, and incubation with HRP-anti-mouse
secondary antibodies and visualized by enhanced chemilu-
minescence detection using Luminol reagent (Santa Cruz

Biotechnology).

Immunization :
Immunization of mice with experimental plasmids was

performed either by needle intramuscularly (i.m.), .in-
tradermally (i.d.) or by gene-gun bombardment into the
skin. Groups of eight mice (two independent experiments
with 4 animals in each study) were injected i/m (into
quadriceps muscle) with 100ug DNA vaccine in 100pl
PBS. Before i.d. injection mice were anesthetized with
avertin, shaved, and inoculated with 15 pg DNA vaccine
in 50ul PBS (1-2 cm distal from mouse tail base). Gene
gun immunizations were performed on shaved abdominal
skin using Helios gene-gun (Bio-Rad) as it was described
[26]. Briefly, mice were bombarded twice with doses con-
taining 1 pg of DNA per 0.5mg of ~lpm gold beads
(DeGussa-Huls Corp.) at a helium pressure setting of 400
psi. Several groups of mice were used as controls. One
group of positive control mice (8 animals) were immu-
nized by needle subcutaneously (s.c.) with ABs; peptide
mixed with CFA and boosted biweekly with the same
antigen formulated in IFA. Other two groups of positive
control mice (8 animals in each) were immunized by nee-
dle (i.d. and i.m.) or by gene-gun bombardment with
pcHA-3C3d. Finally, a group of eight mice immunized
with vector was used as a negative control. Immunization
and boosts were carried out by the same method biweekly
and sera were ddllected after 7-8 days of each boost and
used for the detection of anti-Afq; or anti-HA antibodies.

-

Fig. 1. Expression of ABy, (lane 1, 2) gene cassettes in CHO
cells transfected with appropriate plasmid.

Protein was recovered from cell lysate by IP and analyzed on
16.5% Tricine-polyacrylamide gel followed by WB. In IP and
IWB ur:ox;ocll(l):al ant;'_-ABedantibody 6E10 have been used. Lane 1,
ysate of cells transfected with pmAB,,; Lane 2, supemnatan
cclth transfected psABy,; Lane 3, supeﬁx‘namnt of2¢'>ells msfe:t:;
with vector. 1

ELISA !
To detect binding of antisera to immunogen, wells of

96-well plates (Immulon II) were coated with 2.5uM of
human AP4; in Bicarbonate Coating Buffer (pH9.7) and
incubated overnight at 4°C. They were then washed and
blocked with 3% nonfat dry milk in Tween-20 Tris Buffer
Solution (TTBS) (1-2 h at 37°C). After washing of the
wells primary sera from experimental and control mice
were added in duplicate at indicated dilutions. After incu-
bation (overnight at 4°C) and washing, HRP-conjugated
anti-mouse IgG was added as recommended by manufac-
turer (Jackson Labs). Plates were incubated for 1h at
379C, washed, and freshly prepared OPD substrate solu-
tion (o-phenylendiamine in 0.05M phosphate-citrate
buffer, pH 5.0) was added to develop the reaction. All
plates were analyzed spectrophotometrically at 405 nm.
Anti-HA antibodies were detected by ELISA exactly as it

was described earlier [26].

Results and Discussion

Preparation and expression of plasmids

The results of transfection and expression of psABy,,
pABs-IL4 and pABg-IL4 were discussed earlier [10].
Western Blotting analyses revealed that the molecular size
of tmAPy; was slightly higher of 4 kD as a result of fusion
with anchoring domain of PLAP (Fig. 1). Importantly,
transfected cells produced significant quantities of AP,
since they formed a band, which was much more intensive
than the band formed by Sng purified APy, peptide. There
weren't AP peptides in the lysate of the cells transfected
with vector DNA.

Generation of antibody responses to Ab peptides

First BALB/c mice were injected i.d or i.m. with
psAB42, pmAByz, pAB4-IL4 and pAf,s-ILA. The groups of
eight mice were immunized and boosted 3 times bi-
weekly. It appeared that after i.d. immunization and three
boosts with plasmid encoding APy, peptide alone or ABs;
peptide fused with IL4 did not generate anti-Af antibod-
ies. In contrast, positive control BALB/c mice immunized
s.c. with ABy, peptide formulated in CFA/IFA induce ro-
bust antibody production as it was expected from the pre-
vious data [6]. Importantly, i.d. injection of psHA-mC3d3
(positive control for DNA vaccination) also generated
robust anti-HA antibodies after three boosts. Thus, DNA
vaccination with control plasmid demonstrated that the
technique chosen for this study in general is working very
well. Of course mice immunized with vector (negative
corglrol group) did not induce either anti-ABy, or anti-HA
an.ubody production. Of note i.m. immunization of mice
with plasmids encoding AB immunogen also did not in-
dfxce.production of specific antibodies. Thus, DNA immu-
nization .failed to induce humoral anti-AB_immune re-
sponses 1n case of i.d. or i.m. injections. After failure to
induce immune humoral responses by i.m. or i.d. immuni-
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zations, it was decided to use more powerful technique —
gene-gun bombardment for immunization of mice.
Previpusly it was shown that fusion of gene encoding
viral antigen with IL4 gene dramatically enhance humoral
immune responses [16]. Thus, in this study it was
attempted to use the same strategy to generate anti-AB
antibodies in wild-type mice. Again mice immunized with
vector did not induce anti-ABy; antibody production,
whereas injection of psHA-mC3d3 generated only anti-
HA specific antibodies (data not shown). More

importantly, even gene-gun technique did not allow
generating anti-ABy, antibodies after immunization with
psABs; or pmAb42. In the group of mice immunized with
pABg-ILA4, half of eight experimental mice generated
robust anti-ABs; immune response after only two boosts
with pABg-IL4, whereas two mice responded moderately,
and the remaining two mice responded weakly (Fig. 2a).
Titer of antibodies in the pooled sera was detected in two
separate experiments (four mice in each experiment) and
was equal to 1:3200 (Fig. 2b).
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Fig. 2. Generation of anti-Af, antibodies after gene-gun immunization of eight B6/SJILF1 mice with plasmids encoding ILA-ABy; fu-
sion protein. One microgram of plasmid was administrated three times and eight days after the last boost sera were collected and anti-

AB;; antibodies (total Ig) have been detected.

a) Serum of each mouse was diluted 1:250 and used in ELISA (SD represents results from three separate tests with the same sera).
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b) Titer of anti-AB;, antibodies was detected in the pooled sera from immunized mice (SD represent two separate experiments with
sera of mice).
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Thus, i.d., i.m. and gene-gun immunizations failed to
induce significant antibody production in wild-type mice
vaccinated with these prototype DNA vaccines, encoding
soluble or transmembrane forms of AB4,. But the presence
of murine IL4 molecule as a molecular adjuvant in the
plasmids encoding human AP peptides ('Aﬂa' or APz) was
critical for the generation of anti-AB antibodies after bom-
bardment with gene-gun immunization.

Recently, immunotherapy as a possible treatment for
AD has received considerable attention. It has b.ecn Qe-
monstrated that active immunization of APP/Tg mice w1t_h
fibrillar ABy;, as well as passive immunization with antg-
AB antibodies significantly reduce amyloid plaque deposi-
tion, neuritic dystrophy, and astrogliosis in APP/Tg mouse
models of AD [3.8,15,19,27,33]. These data indicate that
anti-AB antibodies play a major role in the clearar.lce of
AP deposition from the brain tissue of APP/I"g mice. A
new approach to the development of AD vaccines could
be DNA vaccine encoded AP antigen. In this study DNA
vaccination technique was decided to employ for the gen-
eration of immune responses to amyloid P, peptides in-
volved in the deposition of B-amyloid plaques in the brain
of AD patients. The DNA-based vaccine belongs to the
category of "killed" vaccines and yet has characteristics of
a "live" vaccine, because it could induce both humoral and
cellular immune responses against different pathogens in
different animal models. Recently it has been shown that
DNA immunization induces protective immune response
against infectious diseases, cancer and even in autoim-
mune disease models. Direct injection of plasmid DNA in
vivo results in prolonged expression of antigen and activa-
tion of both humoral and cellular immune responses.
Among advantages of DNA vaccination are the versatility
in the choice of the route of administration, the relative
ease to construct and produce large amounts of recombi-
nant molecules, production of intracellular peptide(s) and
secretion of extracellular peptide(s), which can be directed
toward MHC class I and II molecules and activate Th1/
CTL and Th2 cells accordingly. In addition, the secreted
soluble molecule can bind to the antigen-specific recep-
tors on B cells and induce production of antibodies using
help from Th2 cells. For DNA immunization construc-
tions encoded soluble and membrane bound forms of A4,
were first generated and used for the stimulation of anti--
amyloid antibodies.

Muscle is considered to be the best tissue that effi-
ciently expresses plasmid DNA, but it is not considered to
be a site for antigen presentation because it contains few,
if any, professional antigen-presenting cells (dendritic
cells, macrophages). In this case, few APC that actually
get loaded with antigen and migrate to the lymph nodes
are poorly stimulatory and occasionally tolerogenic
[17.30]. However, immunizations into the muscle in gen-

eral induce favorable antibody production in DNA vacci-
nated animals [7,31,32]. In contrast, inoculation of immu-
nogens into the skin tissue leads to the transfection of
epithelial cells as well as direct transfection of dendritic
cells and thereafter endogenous antigen synthesis and
processing. Thus, i.d. immunization results in the produc-
tion of antibodies and activation of dendritic cells, which
migrate to regional lymph nodes and stimulate activation
of cellular immune responses [23]. Based on these data,
wild-type mice were immunized i.m. or i.d. using psABs,
and pmAB4, constructs. Surprisingly, four inoculations of
these plasmids into the mice did not induce B cell re-
sponses. Control animals inoculated i.d. with psHA-
mC3d3, or s.c. with APy, peptide formulated in adjuvant
induced robust antibody responses to influenza antigen
and APy, respectively. The same results we obtained after
i.m. immunization and gene-gun bombardment.

In addition to advantages of DNA vaccination dis-
cussed above DNA vaccination could also manipulate
magnitude and nature of immune responses by co-delivery
of molecular adjuvants, such as cytokines, co-stimulatory
molecules and others. The IL12 and IL4 cytokines help to
generate Thl and Th2 subsets of T cells respectively
[20,24] and simultaneously inhibit the generation of oppo-
site subset [11,22]. Thus, to enhance antibody responses
to APy, which is important for the immunotherapy of AD
[3,5,8.9,15,19,27] one should also enhance Th2-type im-
mune responses. Using this strategy, mice were immu-
nized with pABs;-IL4 or ABys-IL4. Selection of this domi-
nant cytokine was done in order to drive the development
of Th2 cells and subsequently enhance antibody produc-
tion. As shown in Fig. 2, plasmids encoding both immu-
nogens and murine IL4 induced significant amounts of
anti-AB,, antibodies only in case of gene-gun bombard-
ment. Notably, as shown earlier [10] DNA vaccination
with the same chimeric forms of plasmids generated anti-
bodies are mostly of IgG1 isotype, whereas the level of
IgG2a is very low which shows the polarization of im-
mune response toward Th2 type. Also these antibodies are
functional since it was demonstrated the binding of pooled
antisera from mice immunized with pAByo-IL4 to B-
amyloid plaques on the brain sections from a severe AD
case [10].

Future studies with immunization of APP/Tg mice
with plasmids encoding IL4-ABs, or/and ILA4-ABys will
demonstrate whether DNA vaccination can reduce the
deposition and promote the clearance of B-amyloid

_plaques from the brain, and protect mice from developing

functional memory deficits and whether co-expression of
ILA or other cytokines and chemokines can improve im-

munity and help to overcome the side effects of standard
adjuvants,
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Swljwunfhnpn B hdnibughl yupuufmubbbph dwnpiuh hudEfapuiub JEppmdniypnbp
IL4 qkGh htip dhwigdwd AB-wtwyhn himbngkip inpunjnpnn wyiwquhnm] qpuppkp
Swhwwuphibpny himbhqugnuithg htyn

Y. 3. Puphlyub

Ujghtydtph hpjwGnnipyjwi (UL) plGopny
* wnwGaGwhwinympymGGtphg dhip wihnppn-f whw-
whnh Gopiwghg wybp pGpwgnn ShnpunnpnudG E,
qfumnbinh GhypnGGbpnd wju whupnhnh wpoWpeYW-
JhG  ynunwimdp L Guujwoplbph  dlunjnpoudip
ujwywnwyGbph wbupny: Uh wpp htnwqomnuwlul
Judpbip gnyg GG wyby, np 15 wdubjuG APP (Amyloid
Precursor Protein) wnpuGuqt (APP/Tg) djGbph wimpy
(ABs; wbwunpnh Ghpdmémdp) Ywd  wwuhy
(UnGnynGujhG hwiw-Ap hwhjwiwpihGGhph
Ghpdmonuip) puniGhqugmip hwGqbgimd E
qifumnbnhg B-wipmpn ujunjwnwyGbph wpwgpipug
dwppiwlp L U2 Giw6ynn Gpupnuupupnnghwlwl
bploypGhpp poyugdwGp: Wu wjjpuGbpp gnyg b
wwihu, np hwijw-Ap hwiwiwpihGGbpp twiwl ntp
b6 fuwunnui U pnidiwG gnpopGpugnud:

Vbpjw wyluuwnwipmd thopd t Junwpjud
munmiGuuppt; hwijw-Af hwlwiwpihGGiph fupw-

(nudp wmwppbp AVE  wWwujwunwimpbpny
iniGhqugiud dyGhph dnwn: Opybu U0 wunnywu-
mwlympbp Yhpunyb) 66 wpuqihnGbp, npolp Yuqip-
Ywd GG AR dhGhqGhphg (pmABs L psABy) Ywd
hunfwwwwnwupuwG AR dhGhqulGhg, npp Ygjwd E
unjbymypuyhG wynujwnh® dijwi IL4 qhGh htn (pAB
2 IL4 Jud pABx-Il4): AUE himGhqugmip L
htmwquw dh pwGh pmuwbpp (hintGuyhG upnnwu-
Juwlh mdbnugnuip) phpmd GG hwlw-ABf hiniGuiyhG
wunwufuwGh dlauyapiwGp Shuyl pABg-ILA L pABas-
IL4 ujwuqihnGipm] himGhqugyue dyGhph dowm: W
wjuGbpp gniyg GG wwihu dnjhynyuyhG wynjwiuh
Y6onpny nbpp hwliw-Af himGujhG wunnwuuwGh
wnwowgiwG gnpopGpwgnd: Fugh wyn, wju wyhu-
wmwlpmd gnyg t npjwd Gwl, np dhwG qhGuwjht
«ommpfwlwlynyy wwmjwumnudG b jupwlnd
wnnbighw) hintGwjhG vpumwufuwG:

CpaBHATeIbHLIH AHAJA3 AHTHAMEJIOHAHLIX f-HMMYHHBIX 0TBETOB, 00pa3oBaBIIAXCH MOCJIE
EMMYHH3AIHH pa3sEbIME DYTAMHE C IUIA3MHAJ0H, KOAHPYIOmeH
AB-nenTHAHBIN HMMYHOreH, cBE3aHHbIH ¢ IL4

. T. Babuksas

OnHUM M3 XapakTepHbIX NpH3HakoB Gone3nu Anbl-
refimepa (BA) sBifeTCd aHOMalbHOE H BHEKIETOYHOE
HakaruBaHue B-ammwiounsoro nentuna (AP ¥ APg) B
Buae Onamexk Ha HeMpOHAaX rOJOBHOrO Mo3sra. PasnHgHEI-
MM HCclefoBaTeNsMH NOKa3aHo, YTO aKTHBHAA (BBEICHHE
AB4; nenTuaa) WK NacCHBHAS HMMYHHW3alus (BBEIEHHE
MOHOK/IOHaNbHLIX aHTH-AP anTHTeN) 15-Mecaunbix APP
TpaHcreHHbIX (APP/Tg) MbIEH NpHBOAWT K YCKOPEHHO-
My OYMILEHHIO P-aMHJIOMAHBIX ONAMIEK H3 TOJOBHOIO
Mo3ra ¥ ocnabieHuio HeHponaToNOrH4eckuX MpHU3HAKOB,
cxoxux ¢ BA. OTH naHHbIE CBHAETENLCTBYIOT O CyIIECT-
BEHHOH ponu aHTH-AP aHTHTen B JedeHuH BA. Hacros-
mas pabora NOCBAINEHa H3YYEHHIO WHAOYKIMH aHTH-AP
aHTUTEN B MbINAX, MMMYHH3HDOBAHHBIX paslHYHBIMH
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