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GENE THERAPY OF MASS PATHOLOGIES

Fhe whole compley of incestigaiions is described that allows to run the way from the
idea {o experimenial realization of a fundamental possibility of gene therapy and iis
application {o muss pathologies on the sample of insulin-dependent diabeles and aihe-
rosclernsis.

The searcii end analysis were performed of such regulalory elemenis that whould
perntil an expression irrespeciive of the state of a general cell regulaiion.

Expression o] the implanted gene material is shown on cells of different tissues
and Jdifferent organisms and also in vivo (both the model gene of B-gelactosidase Esche-
richia coli qud {nsulin- and apolipoprotein high density Al-coding  genes related {0
abouve stated pailiofogies). [t is concluded that (he results obtained in the culfure oulsi-
dethe organisins shouldu't be exirapolated on the animals, i. e. on the organism’s level.

The cxpressinn of recombinan! melecules is shown fo be embiguous and depend
on gene’s surronadings and the lype of recipient cells. Both in the culture and ia {he
orgonism (he individual cell helerngeneity is observed in the quaniilative characterisiics
of the expression o] gene fmplanted [rom oulside. Besides, an individual organism and
age helerogencity wilh regerd to the expression of the exogenous gene (s reporicd.

The conclusion is made ahoul the necessity io individuelize gene therapy of mass
puthologies.

tntroduction into the problem. Gene therapy has passed for almost 20
vears of ils existence an exccedingly bright and sometimes dramatic
way. Howcever now when it has achieved a level of the practical reatiza-
tton its pioncering significance for the medicine is evident. But medicine
on the whole being on its fevel and biomedicine as ils advanced {rond in
particular are [av more ahecad with qualitatively new problems in siore.
Now we wilness practical development of the human biotechnology, 1. e.
{he lechnology of the direct {ransformation of human whose aim is a bio-
logical reconstruction of a man as an individual. Terms (direct bictech-
nology of a man) and the aim (biological reconsiruction of & man) ore
still nmew and unusual. Just as the term «gene engincering of human»
(followed by the term «gene therapy») and especially lasks and potenti-
alities of the technology behind the terms caused professional coniradic-
tions of specialists and shocked the public new problems mav also irst
cause indignation. Neveriherless the experience of the human civilization
shows that nothing can stop thc new in scicnce. One may surely predict
that biotechnological transformation of human with all its methods and
polentialities will soon become habitual.

Direct biotechnology of a man embraces the technology of celi m-
rlaniation, reproduction technologies, technologies of artificial oroans
and tissues, etc. But gene therapy is most radical trend that essentially
interacts with all the rest and unjtes all in one. 1t has started from {heo-
refical and experimental substaniiation of treatment of classical inono-
genie hereditary diseases gradunally expanding its activilies to ail (ie
nrocesses proceeding in human organism. Previously we formulaicd a
concept of gene therapy of mass pathologies [1, 2]. So almost all human
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diseases are in the sphere of potentialities of gene therapy. However
mass pathologies require a specific approach whose peculiaritics are not
only purc methodical but also fundamental.

~The Tirst (and conceptually the main) peculiarity is a fundamental
difference in monogene hereditary diseases and mass pathologies. In (he
first case there is a particular defect in a particular gene. So, the wnole
problem (no matter how complex it would be) is reduced lo climination
ol ihis defect (either by alieration or by complementation al the expense
of iintroduction of a sound gene under the same outside regulation). in «
case of mass pathologies genes themselves are not distorled. Somiething
as a rule unknown at the level of primary processes is happening wiin
the regulation system which disturbs functioning of thesc or other sys-
temms of the organism. Though, finally, it aflfccts Tunctioning of pariicu-
lar genes but the genes themselves either unchanged or changed in few
cells (for example tumor ones) or these changes are not functionally
essential.

So, in most cases a simple introduction of a gene will have no cf-
fect. Onc should create such molecular construction where the introdu-
ced gene will function despite of the changed regulation that makes the
samme sound organism’'s own gene available in a celi function poorly.

The second difference (also conceptual) is as follows. In cage of
classical monogenic discases the damage is available only in one gene.
The processes in the organism are conirolled by corresponding metabolic
chains whose activity is specified by gene ensembles. All genes in cach
of thesce ensembles act normally except one particular gene. It is enough
to aller one particular gene (or to compiement its activily) and the meta-
bolic chain will become sound.

It is assumed for mass pathologies that the whole metabolic cnsciinb-
le, a metabolic chain and often many mectabolic chains are in a uJisbu-
lance. So, the question is here what onec should do in this situalion since
it is impossible to complement all genes.

However the analysis of metabolism shows the following. Metabo-
lism is organized so that there is a small number of key controlling pro-
cesses able to a considerable extent to eliminate or to smooth damage of
the rest links of the chain. So the concept of gene therapy of mass pathe-
logies is undcrlain by an idea of key arresting processes and, respective-
ly, the genes coding them. But this concept must be cxperimentally
confirmed.

Finally, in case of hereditary diseases the gene is declect from birth
and even earlier — from gamete and will never after by itself. So it must
be altercd (complemented) for the rest of lile. In most cases ol mass
pathologies the gene capable to stop pathology (as the rest of the genes
from the damaged ensemble) is sound. It needs no alilcration but only
complementing for the period until organism normalizes its processes.
Though disfunction of {he gene in this case is not prolonged still the or-
ganism needs time to normalize its processes and this time will vary in
different cases. For young it will be short (all processes in this puriod
normalize rather quickly). For middle age (and even for young but with
chronic disease when the organism is exbausted) the time for normaliza-
tion is increased. But with gene therapy of age pathologies and discascs
specified by the death of nonrestored cells the presence of the introduced
gene must be permanent. So, if for classical gene therapy the introduc-
tion system must provide a permanent stay and functioning of the infro-
duced gene material then in a case of mass pathologies it is necessary to
have all variations of the stay of recombinant molecules in the organism
cell — from short-term to permanent. It needs additional methodical
designs.

As a result of the performed complex studies we have succeeded to
run the way from the idea to experimental realization of a fundamental
possibility of gene therapy of mass pathologies. This work desceribes
this wav.
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Materials and methods.Strains, media. Strains Escherichia coli
(HB101, DHI, JMI01, LE392) and yeasts Saccharomyces cercvisiae LL20
used in the work were obtained from the collection of cultures ut ihe
Institute of Moleccular Biology and Genetics of the Academy of Sc.cuces
of Ukraine. A library of the human genes were received irom N. S. Ncz-
nanova (Institule of Molecular Genetics of the Russian Academy ol Sci-
crnices, Moscow).

Standard methods for growing of microorganisms and cultivatioin of
somatic cells on corresponding media are used in the work |3, 4.

Celis of embryonal human lung LEH, diploid fibroblasts ol huiuun
skin SL, cultivated mouse cells of C3HIOTI/2 and C3HLtk— fincs and
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Fig. 1. Construction scheme of plasmid pHB2! carrying gene of baclerial 3-galactosi-

dase under control of the promoter of the surface antigen in hepatitis B virus

cullivaled cells of Chinese hamster of Bild-ii-FAF28 line of clone 237-
8Glu—{s werc lhe object of investigation. LEH and C3HLtk— cells wcere
obtained from the collection of the Institute of Virology of the Academy
of Medical Scicnces of Russia, cells C3HIOTI/2 and 237-8Glu—ts — Irouni
the Inslitute of Molecular Genetics of the Academy of Sciences of Russia,
cells SL — [rom the Michigan State University, USA.

Plasmids. Three initial plasmids for producing the rest of recoin-
binant DNA were used in the work. These are pUCI8 from the Instituie
of Molecular Biology and Genetics of the Academy of Sciences of Ukra-
ine, a slandard commercial vector for cloning of DNA, pALI, a derivaiive
from pUCI8 containing one human alu-rcpetition by BamHI-site of a poly-
linker presented by N. V. Tomilin (Institute of Cytology of the Aca-
demy of Sciences of Russia, S. Petersburg), pYF92 [5] used for cloning
of ARS-sequences of DNA prescnted by V. L. Larionov (Institute oi Cy-
{ology of the Academy of Sciences of Russia, S. Petersburg}.

DNA of plasmid pGA293 kindly presented by Dr. Siminovich (Ca-
nada) and pCH110 containing lacZ gene of E. coli that codes a synthesis
of bacterial p-galactosidase were used in the experiments on siudy of
bacterial B-galactosidase expression {6]. Construction of pAG293A is a
plasmid pGA293 with alu-repetition cloned by BamHI-site while piasmid
pGA293Z2 is devoid of EcoRI-fragment containing lacZ gene.

Besides we used also plasmids pLZ56 and pHB320, pHB21. Plasmid
pLZ56 was obtained from V. Korobko (Shemyakin Institute of Biological
Chemistry of the Russian Academy of Sciences, Moscow). It contains
lacZ gene of E. coli and was used in the control of tandem of earlier pro-
moters As and A; of phage T7. Plasmid pHB320 was obtained from
Dr. E. Gren (Institute of Organic Synthesis of the Latvian Academy of
Sciences, Riga). It is pBR322 with a full DNA replica of hepatitis virus
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B. This plasmid was used to construct pHp2/, its construction =chome is
presented in fig. 1.

Gente of human insulin containing a promoter but withont - regula-
tory site providing tlissuc-specificity ol the expression (Bglll-Ta¢/-irag-
ment} [42) was cloned in the bacterial nlasmid pBR322ins anid plins
(the lsiter contains alu-repetition).

Pesides in a number of experiments we used a recouibinant construc-
lion on the base of hepatotropic vector pGins and restriction fragment of
DNA containiny insulin gene (ins).

Screening of the human genes library, manipulation with plasmid
DNA and ebiaining recombinant molectiles were rcalized by the
tional procedure described by Maniatis [7]. Fourty-member olig
tide synthesized at the Institute of Molecular Biology and Generics of
Hind WIAT{; Koni
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Fig. 2. Sampies of some plasmid coustructions used in experiments
{he Academy of Sciences of Ukraine and complementary to the sfructu-
ral part of the human genc was used as a probe. Constructions of the
main used plasmids are presented in tabl. 1 and fig. 2. Plasmid DNA
was isolated from the yeast cells as recommended by Glover [4]. Plant
DNA was iselated as described in [8].

Primary DNA siructure wasz delermined by the Moxam — Gilbert
method {9].

Enzymes. Resiriciion endonucleases and the Klenov i
DNA-polymerase | were received fromn the Scieniific-Production As.ocia-
tion «Ferment» of the Research Insiitute of Applicd Enzvinoicoy (Vil-
nius). DNA-ligase of phage T4 was kindly given by B Troyanevsky and
Yu. Gorlov (Institule of Molecular Rinlogy and Ceneties of the Acodemy
of Sciences of Ukraine}.

oioof

Lipoasomes. Negalivelv-charged mennlamellar iiposomes 10
{0 100 mim in size were used as DNA carrier. They consisis of 1o dect-

{in — 70, cholesterin — 20, dicethylphesphate — 9. phosphatydylamine — 1.
Concentration of lipids was 20 me/inl. Piasmid DNA was encle-¢d into
the liposomes by the method of Ca-iusion. The quanlily of DNA encinsed
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inlo the liposonies was 7—10 % of the introduction amount. S;zqs. la‘meb

lation and preservation of liposomes were controlled by means of vlectron
ic r of slices [10].

lImr(l-))S(r:?)pcyl1(1)fcgtiOn [alld purification of immune scrums.

Chinchilla rabbits were vaccinaled with purified B-galactosidase isolaied

irom E. coli. Injections were made into cervical and popl;tcalllnnph no-

des. For the Tirst vaccination we used a complete Freund adjuvant, for

the second and third ones — an incomplete adju‘vgnt. Buster injections

were performed iniravenously. Each animal was injected with 0.5 mg of

p-galactosidase for the whole

vaceination cyele. Blood was  Table 1

laken on the 6-7th day after  Used molecular constructions

the last injection. Titer of T

anlibodics was determined Plasmid | Experiments they are used in,

by the method of binary dif-

fazion in agar. ) o _

) : ) pGA293 Study of the expression of bacterial
To obtain g(n?m-a glObU pGA293Z gene of B-galactosidase on the cul-
lin fraction the rabbit serum 5642934 ture of cells and mode! animals
with litres 1:32 and 1:16  pCHIIO
were lwo times precepitated P}C{M;;ﬁ
by ammonium sulphate with 2H[63320
33 %-saturation, dialyzated ;756
against 0.0175 M of natrium-

pBR322 Study of the expression of human
phosphatc.__buffer, pH 6‘3’ pBR322ins insulin gene in the culture of
and  purified by passing  pPins cells and model animals

thirough the column of DEAL I?fg;i_ns
cellulose (1.5X23 cm) with  /79s
the same buffer heing used.  pALJ Study of the expression of human
Fraction of oG taken from pALlapo gene «poAl on the cufture of cefts

AP . ) pAAA and model animals
tire fon-exchange column was ey

concenitrated by PEG (35 000-  puCi8apo
10000y and kept at 4°C  pUCI8apo’
with added 0.1 % NaNs. pYF92

Under  immunofluores-
cent staining of cytological
preparations  (hepatocytes, Ltk— and other cells) the I¢G Iraction
was additionally purified during an hour by the hepatic powder [117.

The donkey antirabbit globulin labelled by fluoresceiniscthiocyanate
(FITC) was released from a nonbound fluorochromium on 1 % agarose.
Working dilution of the rabbit scrum {o a bacterial B-galactosidase is
{210 luminescent serum — [ : 16 under staining of cytological preparation.

Determination of human apoAl in cell culture of inammals was per-
formed hy the standard immunoenzyme inethod [12] using rabbit anti-
serum to the human protein A/ and conjugate on the base of horse-raddish
peroxidase.

Producing c¢i primary cultures of hepatocytes
and keratinocytes. For production of hepatocytes we used the li-
ver of 2-week rais. The liver was taken, washed in the Henks solution
with antibiotics and ground. Then it was treated during 10 min by 0.02 %
collagenase solution. pipetted and precipitated during 35 s under 1000
RPM. Cells were inoculated into the Petri dishes by 2 mill and placed
into COu-incubator at 37 °C. In threce hours the detritus was removed
ifrom the Pelri dishes and the medium was changed. When the monolayer
was formed the cells were once again inoculated and then again
transfected.

Keratinocyles were grown from skin slices taken by biopsy using
feceder tayer. Cells 3T3 formed by gamma-rays were used as feeder cells.
Skin slices were cut in the Eagle medium with 10 % of scrum and then
ground. Then they were trealed with 0.25 % solution of trypsin ai 37 °C.
Each 30 min we let the skin crumps precepitate during 1 min with foltow-
ing removal of supernatant fluid and its replacement by fresh trypsin.
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Then e celis were precipitated from the supernatant fluid and resuspen-
ded in the growing mediuvm containing 20 % of scruin from cattle embryo
and hydrocortisone (0.4 png/ml). This procedure promoted growing of tne
cells. Afier this the epidermal cells were mixed with the suspension of
feeder cells and put into the dishes. Epidermal celis needed 2-3 days tor
set fixation. The medium was changed twice a week. Growth of fibro-
blasts in these conditions was supressed while the epidermal cefls for-
med celonies of keralinocytes lining the feeder layer towards peripitery.

For replating of keratinocytes the culture was treated by 0.02
EDTA during 15 s and intensively pippeted for a selective removal of
fibrobiasts. Then the keratinocyies colonies were desagreggated by .02 %
EDTA and 0.05 Y% trypsin (1:1)}. New fecder lajer was added for reino-
culation in case of need.

Transiection. Transfection of cells by plasmids with the insu-
lin gene was performed by the calcium-phosphorus method [13]. Con-
centration of the transformed DNA was 10 pg/ml for 1 mill of cells. in
some experimenls we used the herring milt DNA (commercial prepara-
tionj. Calcium-phosphale precepitate was applied on the subconfluent
state celis usually after 2-3 days aiter their inoculation into the glass
flasks. Cells subjected to mock-injection and cells injected with initial
plasmids used for construction of recombinant DNA acted as a conirol.
The cells were cultivaled in the Eagle medium with addition of 10 Y%
bovine serum either embryonal or from adults. The content of ihe protein
product was determined in the samples of the cultural medium bny tie
immuno-enzyme inethod. With this aim we made probes during 16 days
after the {ransfection and in the process oi growth ol the lransiccted
celis. Before sampling the celis were wasied twice by the Eagle mediutn
and a portion of a fresh medium with an increased glucose content (180u-
2000 mg %) but without serum was added. In a day after this procedu-
re we collected medium from each flask separailely and defermined a con-
centration of the protein-product. Concentration of glucose in the samp-
les of cultural medium was determined by the standard o-toluidine metiiod.
Staiistical processing was performed by the Fischer, Vilkockson and %2
criteria.

Transfection of Ltk— cells by plasinids containing flucZ gcne under
differeni promoters is carried out for cyiological studics on 1-2 day cell
culture inoculaled on the sigmental glasses. Cells were {ixad in /!, i
and 72 h afler transfection during 20 min by some mixiures of acetone
cooled to 4 °C.

The recombinant plasmids pAins and pGias carrying human insulin
gene were used in the experiments on animals. DNA was implanted into
the experiniental animals in a composition of liposomes prepared from a
mixture of lipids: lecitin-cholesterin-dicetylphosphate (7:2:0.5). A day
before the experiment we enclosed recombinant DNA info the liposores,
prepared suspension of the liposomes i the physiclogical solution, freezed
and then unireezed them directly before the injection. Suspension of the
liposomes (75 pg of DNA in 0.2 ml per individual) was injected dircctly
into the right side of the liver after the autopsy of the periloncal cavity
with a subsequent puiting in stitches on the muscle layer and ckin undcer
ester narcosis. Emply liposomes and physiological solution actiny as a
control were injected the same way. Intraperitoneal injection is also uscdl.

The content of glucose in blood was deternuned by the glucosuoxida-
se micromethod on an empty stemach using the device Glucolol. humu-
noreactive insulin and C-peptide were determined by radioinimane method
using the device rio-INS-PGU designed at the Institute of Bivorganic
Chemistry of the Academy of Sciences of Byelorus. The content of glucose
in blood was determined before the injection of the preparalions and then
in dynamics in 6, 10 and 24 h after injection,

Experiments in vivo were performed on mice, rabbits, piglets and
rate. For each variant of the experiment we prepared a group of 2 month
mice of BALB/c line (4—5 specimens). Each experiment was repeated 4
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times of thc mean. The material was injected into a Iarge lowe: Inhe of
the liver. Localization of the neccssarv part of the liver was foune il lirough

a seclion ()I the skin integumentum ai a level of the organ. The performed
operatl(ms produced no noticeable effect on the animals.

Volume of the material injected into the mice liver was in 1l expe-
riments 60 pl per specimen. In case of the injection of the plasmiid enclo-
sed into the liposome the injected material was 300 ug of lipids and
10 ng of plasmid DNA. Besides, injections of plasmid pGA295 without
liposomes and only nonloaded liposomes were made. Injections of phy-
siological solution (10 mM tris-HCL, pH 7.5) were made {o verify the
adcquate reactions of animals on administration of the exczenic male-
rial. Infact mice were conirol {o the performed variant of th injection.

Intracntancous injections of plasmid pGA293 in composition of the
liposome were made into the inguinal region of mice and 14-day piglets.
A volume of the injected material and a correlation of plasmid DNA and
lipids remained the sanme. 14-day piglels were injected with a mixlure
centaining 3 mg of plasmid DNA and 20 mg of lipids, each by 2 ml.

Implantation of the genetic material with gene apoAl to experimen-
tal animals -— adult (6-8 months) and old (4.5-5 years) rabbits as well
as adult (6 months) and old (26-28 months) rails was carried out a di-
rect injection into the liver. For injection we used 0.3 ml of liposome sus-
pension for cach rabbit pcr 1 kg of the live weight while for the rals —
0.1 ml of liposome suspension for 100 g of weight containing 13 mg of
lipids and 400 pg of plasmid DNA in I ml of suspension. Expression in
the implanied gene was estimaled by means of the rocket immunoelectre-
phoresis of the blood plasma of experimental animals with a specific an-
liserum {o human apoAl and subsequen! quantitative estimation of the
protein level by the control human serum containing 1.25 mg/ml of apoAl
[14]. Total cholesterin was determined in the blood plasma by the Abcll,
Kirvakov and Tinterova [15, 16} while a per cent content of the fraction
of lipoproteids — by the metliod of electrophoresis in the agarose gel by
Kirvakov [171.

Analysis of lipoproteids. LD of different classes are iso-
lated bv the method of preparalive ultracenirifugation in the density gra-
dient of NaBr [18]. The content of protein [19], total cholesterin (ChS},
ChS esters [20], phospholipids (PhL) [21] was determined in LT after
prefiminary extraction.

Protein compositicn ¢f HDLP, and HDLP; fraction was studied by
mecans of elecirophoresis in the gradient of a polyacrylamide gel (PAAG,
3-27 %) in presence of DS-Na in the Na-phosphate buifer by the method
described in [22]. PVP, and HDLP; proteins after delipidization by a
chloroformi-methanol mixture w ere dissolved in the huffe. [23] containing
0.125 M of tris-HClI, pll 6.8 5 ,0' R-mercanioethancl, 2 % DS-Na Ti]e"[
they were heated durin e 2.3 min n the boilirg bath “and apnlied on the
celis of a vertical PAAG block (16X18X2) ny 30 vl (30 pl fi i i'o';al
prolein). Flectrophoresis wus carried out at £5-30 °C during 15-18 n. Gel
was fixed, stained with the €.1 % Kumassi C250 and oecoluurucd {o re-
veal electrophoretic zones. The gels were densitomelrized on the regisier-
ing microphotometer 1F0-431.

Microsomal fraction of the liver was isolated by the method of diffe-
rential centrifugation at 105000 g [24]. The content of cv! ochromc P-40%
was determined by the meihod of two- ray differential Spcctrophotomct“'
on the spectrophotometer «Perkin -- Elmer» [25]. Monooxygenase acii-
vity of microsomes was revealed in viiro by adding hydroxylation sub-
strates — amidopyrine and aniline [24].

Preparation of hepatocyies. Mices were mortified teupo-
rary in 1, 2, 3, 5 and 8 days under injection. For cytological preparaticns
we used the part of the liver lo where the material was injected. The fi-
nely-divided liver was washed of blood elements‘ kept at least 30 min in
the cold Na-acetate huffer (0.88 % NaCl, ¢.7 % Na-citrate, 0.1 9% «luco-
se, b mg/ml of heparine, pif 7.4) and used for hepatocyte simears. Jnalitv
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and density of the smears were checked under the tight microscope. The
smears weore fixed during 20 min by the acetone conoied down to 4 °C.
Morpholesical preservation and functional activity of hepatocytes were
checked on particuiar preparations stained hy 0.2 % ‘ripsin hhie. Yield
of sonad nondamaged cells of hepatocyles varied withn 90-95 G,

Skin preparat i ons. For obtaining epil lclmm of the piglet’s
skin {he small grafts of skin (SX5y were ground and i
Henks medium. Th“n the mawrial was place cd ints the ‘fr*rcnn mixlure
(trypsin 1:1) and kept during 18-20 h at the temperature 4 °C. When
the trypsin-Versen mixture was changed the conlainers with the ¢round
skin were macerated on a magnetic mixer during 3¢ win. Ynithelial cells
with fibroblasts were isolated from the admixture of tissue remains by
centrifugation at 1000 RPM during 15 min. Cells were applied on the
subjecl glass and after fastening Hley were fixed in three mixtures of
cooled acctone during 20 min.

Study of cytological preparalions. The cxpressions
product of lacZ gene in mice hepalocytes was tested by indirect immunc-
fluorescen{ method (IF) {26]. The preparations were studied on 2 lumi-
nescent microscope ML-2 with a photometric attachment under the wave
length 520 nm with a probe 0.5 um. The objective lens Y70 for water im-
mersion were used for examination of the preparations. A stained pro-
ducl of lacZ gene expression fluoresced green in UV jight. Glow intensi-
iy of caclh scparate hepatocyte was determined as a mean value from the
probe measurement of three points in different sites of the cell cyvtoplas-
ma. Mecasurements for each experiment were made for at least 30-50 he-
patocytes with 4-b-fold repetiticn {on paraliel preparationsy. The presen-
ce of bacterial p-galactosidase in the transfecied [ik— cells and hepato-
cyles was also detected by other cylochemical method-staining of prepa-
rations with ONFG [27].

Induction of streptosotocyne diabetes in Wis-
tar rals Preliminary we developed a model of insnlit-dependent dia-
beles in Wistar rats using preparation streptosotocyie synthesized for
this purpose at the Institute of Molecular Biology and Geonetics of the
Academy of Sciences of Ukraine. Optimal conditions [or iinducing diabe-
tes were as follows: deses of preparations from 55 to 78 iy per | kg of
the live weight depending on the season. Streptesotocyne hefore adimini-
stration (not ecariicr than 30 min) was diluled in the acilic citrate bui-
ier at pH 5.0. Males weighing 150-180 ¢ were used for the caperiments.
It was established thai singie administralion of sireptosetocyne induced
diabeles with a different degree of manifesiation by ;__);}umsc indirces in
blood and urine. Insulin-dependent diabetes became sfa n.o in 3 weeks
after administration of stieplosotocyne in more than 70 ¢, of animals
IDDM manifested itsell with a diffecrent degree — from light glycemia
to the death of animals. it leslilies 1o the individual scuasitivity 1o {he
preparation. Some animnals did not iall ill.

Results and its discussion. Search of anproaches to
fundamental solutions on model objcets in vitro.
The first stage is devoted to search of specific methods for solution of
problems connccted with the first peculiarily of mass pathologies. It em-
braces scarch and analysis of such regulatory elements {hat would per-
mii an expression 1rresi)ect|ve of the state of a general cell regutation.
It is necessary o check up different molecular constructions in different
types of cells. Studies are carried out on model objects tising genes that
are key ones for mass pathologies. Gene of p-galactosidase in E. ¢oli is
chosen as a marker (reporter) one. It is well differentiated by antibodies
of other cell proteins while cytoimmunochemistry and in particular cases
enzymatic catalysis as the methods of its identification are well developed.

An expression of genes in different types of cells (in vifro — HelLa,
Ltk—, primary cultures of hepatocytes and keratinocytes, in vivo — hepa-
tocytes skin epithelium) is analyzed using well- studied promoters both
tissuc-specific and nonspecific. The first data have showwn that even ho-
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mogeneous population under standard well-controlled condilions produces
high hetcrogeneity by the expected response. Ability of lacZ gene in com-
position of different veclor molecules lo express bacterial f-galactosi-
dase in the culture of mice fibroblasis and IleLa cells is lested by cyto-
chemical methods using indirect immunoenzymatic (IE) analysis. Con-

Fig. 3. Immunofluorescent of Lik— cells aiter lransfection wilh plasuias: - pGA293;
2, 4— pGAZ2934; E—pGA?S):?ZA; 3. 5 —pCHII0. 4 I alter transieclion (/—2) and
24 h (4—6). Control (7) nontrausiormed ceils

struclions of the main recombinant molecules used in the work are pre-
sented in the seclion «Malerial and methods».

As early as in four hours aiter transfection of Ltk cells by plasmids
pCHI10, pGA293 and pGA293A onc observes a bright fluorescence of cy-
toplasma in thce green spectrum that testifies to the appearance of the
bacterial B-galactosidase (fig. 3,7, 2). Curves for luminous emittance
distribution of cells after transfection with these plasmids is presented
in fig. 4. In control variants of tests when the culture of mice fibroblasts
is treated with pGA293Z2 plasmids and in intact cells one observes no
pronounced {luorescence of cytoplasma (fig. 3,6, 7). Fluorescence inten-
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sity of fibroblast cytoplasma essentially increases in 24 h after trans-
fection. It testifies to the accumulation of f-galactosidase, a tested enzy-
me, in it (fig. 3,4, 8). When using pGA293A and pCHI110 constructions
a level of the luminous emittance in cell cytoplasma is always higher both
in 4 h and in 24 h in comparison with plasmid pGA293 [28, 28],
Qualitatively similar pattern is observed under comparative %tudy of
the bacterial B-galactosidase content after transfection of fibroblastis by
plasmids with lacZ gene under promoters of virus HbsAg of hepatite
B and earlier promoter SV40 [29, 30]. Cytoplasma of control cells
(cells are treated with «empty» liposomes) in 72 h after transfection has
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Fig. 4. Transfection of Ltk cells: [ — control of staining; 2 — control (nontransformed
cells); 4 h posttransfection: 3 — pGA298; 4 — pGA293A; § — pCHI10 (there and on the
figs 3—9 ordinate axis —the number of cells with a definite intensity of fluorescence;
absciss axis — [luorescence intensity of cells in relative values). Peaks marked on the
plot correspond to the largest quantity of cells with the given Iluminous emitence

Fig. 5. Distribution of Lfk- cells by fluorescence intensity. In 72 h postfransiection:
I — treatment with «empty» liposomes; 2, 3~ DNA plasmid pCHI10 and pHB21 respe-
ctively in composition of liposomes

a weak glow, nuclei do not fluoresce. Distribution of fibroblasts by iluo-
rescence intensity corresponds to the nmormal distribution (fig. 5}. Cells
fluoresced by plasmids pCHI10 and pHB2! display another fluorescence
pattern. In 72 h after transfection one observes the appearance of fibro-
blasts with vividly fluorescing cytoplasma in their population. When the
curve of the test variant distribution is broked down inlo components two
main curve peaks corresponding to different fluorescence intcnsity are
distinguished. The first peak appears to be nontransiected cells or the
cells where lacZ gene does not manifest itself by some reason. The se-
cond peak corresponds to intensively fluorescing cells. Bright specific
fluorescence of their cytoplasma testifies to an expression of gene by bac-
terial B-galactosidase. Pattern of the curves describing fluorescence in-
tensity of mice fibroblasts transfecled by plasmids pCHI10 and pHE21
are noted to be similar. It evidences for about similar level of expression
of E. coli gene under promoters FHbsAg of hepatitis virus and en earlier
promoter of virus SV40 in mice fibroblasts.

Statistical processing is presented as dala on a mean fluorescence
intensity of cells depending on the type of the introduced DNA plasmids
(sampling for each variant is n==60). Confidence limit of mcan valucs
and assurance of the boundary hetween control and {est curves are de-
termined for the probability n=0.999:

Intact cells . o 17.93x0.714
After transfection DNA of p1a>mlds
pCHI1IO . . . 29.20=1.38
pHB2I . . . ... . 31.55=1.52

Therefore, differences in fluorescence intensity of cells transfected
by DNA of plasmids pCHI110 and pHP2I are inconsiderable. However
differences in glow, i. e. in the expression level of the studied gene are
great in different cells of one population.
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Expression of model lacZ gene of E. coli in composilion of veclor
molecules (plasinids pGA295. pCMV3) conirolied by the earlier pronoer
SV40 as well as in plasmid p/FpZi under promofer of IlbsA, epaiitis
virus B is carried out in a scquence of experiments with a primary cul-
ture of human and rat hepatocvles [31]. Transfection is periormed by
Ca-phosphate method. Expression product of bacterial p-galacioszidase s
tested in 4, 24 h, in 2 and 4 days {32].

Transfection of the primary culture of rat’s hepatocyles by plasimids
pGA293A, pCMVpB and pHPB2/ is carried out in one experinlent. Fixed
culture of cells are stained simultaneously by indirect IF method. So,
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Fig. 6. Transicclion of the primary culture of rat  hepatocyles with plasmids: « —
pGA293A: b pCMVP; ¢ — pHB2[ (C—control: 1 —1 day; 2—2 days; 3—+4 days
after transfection); ¢ —2 davs afler transfection of human keratinocytes by plasmids:
1 -—pGA293: 2~ pCMVB; C — control

the obtained results are correctly comparable as to an expression level of
cach plasmid in a definite periods of time. Independent experimeilts con-
ducted in different time show that quantitative values (brightness of iu-
minescence, perceit of cells with identical luminous emiltance) are usual-
lv somewhat different with the same plasmids and the cells of the same
type. A level of expression and, thus, the quantity (in relative valuos)
of the p-galactosidase enzyme developed by the cells is very convenient
to trace for cach particular plasmid in a day, two, four and so on under
the used miethod for coustruction of piets. On the other hand it is possib-
le to compare these three plasmids by a level of B-galactosidase expressi-
on in different periods. Proceceding from the presented plots (fig. 6, a, b)
it is seen that B-galaciosidase in case of hepatocytes is tested in a day
in large quantilies of cells when using plasmids pGA2934 and pHB21.
In two days the most of all brightly fluorescing cells arec observed in the
variant with pHp21, the least of all — after transfection with plasmid
pCMVP. In a vase of plasmid pGA293A the quantity of the {ransformed
cells is the lowerest. A similar result is obtained in tesis on human kera-
tinocytes (fig. 6,d). The quantity of the-transformed cells when wsing
plasmid pGA293A in two days is smaller than with plasmid pCMi’g. On
the 4th day from transfection the cuantity of cells of a primary culiure
nf rat’s hepatocyvies containing bav.crial B-galactosidase in the variant
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with pGA293A is almost the same as that after one day from transfecti-
on. In the variant with pCMVp it falls to the level of control, in case of
pHpB21 it is about the level observed on the second day. However parti-
cular cells with brightly fluorescing cytoplasma occur in culture thus
indicating an increase of B-galactosidase content.

We perform also independent experiments on determination of facZ
gene cxpression by biochemical methods to support the results. Activity
of bacterial B-galactosidase is determined by biochemical methods by the
splitting efficiency of O-nitrophenyl-$-D-galactoside subsirate. Activity of
B-galactosidase in Ltk— cells is-determined on the third day after trans-
fection. The results are presented in table 2.

As is known eukaryotic cells have their own B-galactosidase activi-
ty. However, introduction of E. coli lacZ gene leads to a considerable in-
crease of a level of bacterial pB-galaclosidase in them. Expression effici-
ency of /acZ gene in composition of pHp21 plasmid is the same or so-
mewhat higher in Ltk— cells transfected by pCH110. It supports the data
obtained by the cytochemical method (see fig. 5).

Delermining p-galactosidase activity by the splitting efficiency of
O-nitrophenyl-p-D-galactoside we estimate a total activity of the given
cnzyme that is composed of the cell’s own f-galactosidasce activity and
bacierial p-galactosidase introduced into the cell.

It should be also taken inio account that p-galactosidase genc due to
the peculiarities of the initial plasmid structures is not complete. It lacks
a part of the sequence from 3" end. That is why its enzvmatic and anti-
genic activily does not quantitatively coincide. However qualitatively the
data oblained by IF method and by a direct analysis of the enzymatic ac-
tivity have the same tendency.

Thus, tests on preparations have shown that a theoretical prediclion
of the expression pattern of gene in composition of different vectors when
implanted into different types of cells proves unreliable. We may only
say in the first approximation that (for the given systems) hepatocytes
and keratinocytes are bhetter than fibroblasts. Besides il is cvident that
the cell population will be heterogeneous by the final effect — the expres-
sion of the implanted gene. Finally, there is no assurance that the regu-
larilies obtained on the cell cultures (i. e. outside the organism) will
prove legitimate even for the same cells in the organism. So, the second
level of approximation (approaching human) may be only animals. It
is necessary to cstimate the expression pattern of the implanted gene in
cells within the organism.

Search of approaches to fundamental solutions
on model objects in vivo. Considering the oblained data
hepatocytes are chosen as cells-targets, while a direct injection of the re-
combinant molecules in the composition of liposomes as a sysiem of ad-
ministration {33, 341.

Table 2

Compurative study of B-galactosidase content in Lik—-cells,
transfected plasmid DNA conluining lacZ gene under
different promoters

Cells Lik— wit-
hout plasmid,
ME/m}

pHB21, ME/ml | pHB320, ME/ml | pCH110, ME/ml

2.4 1.4 2.4 0.63

3.5 2.2 35 072

1.6 0.82 1.7 0.52

24 1.18 2.5 0.318
6.6 — 5.2 1.48

6.4 2.4 48 1.6

Mtm
3.56+0.52 1.6+1.3 3.3+05 0.87x£0.22
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Liposomes as suppliers of plasmid DNA directly into the animal's
organ (liver. skin) are chosen because they facilitate DNA conveyange
intn the cells and protect it from degradation (composition of liposomes
and the method of their preparation see in the section «Materials and
meihods»). Besides a direct injection into the tissue allows the material
to be. delivered directly to cell membranes. Intravenous administration
w.lt incvitably calls forth the problem connected with a vessel barricr.
Vessels of all levels including capillaries are rather an effective barrier
tHhat prevents penetration of many components through them.

"~ The work with hepatocytes in vivo have engaged our attention to the
background glow of their cvioplasma (autoluminescence) in the green
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Fie. 7. Auloluminescence of mice hepatocytes: / —intact animal; 2, 3 —in 24 h ailer
Bietion of ceniptye liposemes and  plasmid pGA293 wilh liposemes into the liver
Fieo & Distribuiion of mice heputwoyies by the fiuorescence infensily: [ — intact aui-

mnlsr 2024 b oaiter injection of plasmids pGA283Z8 and 3 — pGA293 in liposomes intu
the liver

spectrum where baclerial p-galaclosidase is tesled as a product of lacZ
gene expression, It may distore the final results without considering the
given phenomenon, The results from measurements of hepatocvic’s own
fuininescence (i. e. without any additional treatment) after administrati-
oj of pure liposomes and plasmid pG.A293 into the liposome are prescii-
tec w fig. 7.

Fluorescence of mouse hepatocytes from control groups (adminisira-
tioii of nonloaded liposomes, physiological solution) in 4-24 h after injec-
tion is at a level of luminous emittance in intact animals. A lower level
of cytoplasma fluorescence is also observed after injection of plasmid
pGA293Z~ (without lacZ gene) with a liposome. However in the latfer
caue one chserves an inconsiderable shift of the distribution curve maxi-
unnil towards larger intensity of fluorescence with a marking tendency to
deviale Trom the normal dislribution: part of cells outside the Gaussiai
ci.ove possesses brighter fluorescence (fig. 8,7, 2). Hepatocyles of aini-
mials whose liver is injected with plasmid pGA293 containing lacZ genc
display the largest shiit of the maximum (among control variants) on
the distribution curve towards larger fluorescence intensity [33, 34].

In 24 h after administration of plasmid pGA293 into the liposome
o observes the appearance of cells with brightly fluorescing cytoplas-
nin i population of hepatocytes (fig. 8,2). In one of the tesls we break
ai the curve into the components. It allows revealing two main peaks
corresponding to different fluorescence intensity (fig. 9,a). A group of
cells with the brightest fluorescence makes up about 5 9% of the total
niimber.

The first peak corresponding in its form to luminous emittance dist-
ribition of hepatocytes in the control (intact animals and in the variant
with injection of DNA pGA293Z2 to 75 % of cells) presents, apparently,
cither cells not al all transfected by plasmid or transfectants where plas-
mid is not expressed by some reason (fig. 9,6). The second peak (about
22V, of hepatocytes) accounts for the cells with bright specific fluores-
cericé, The appearance of 5% hepatocytes with the brightest luminous
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emitiance may he atiribuled to the peculiavities of the meravolic siafe of
some liver cells that provides the mosl elliicient expressio: {eed gence
(fig. 9,¢). A control tresiment of prepavalion by nonspecitic vabbit’s se-
rum testifies lo the absence of a specilic ituorescence. Thus, a nonsimilar
fluorescence of hepatocytes under adminisiration of plasmid pGA4293 in-
to liposomes may be considered as a consequence of heterozenciiy (cells
by a level of synthesis in them) of bacterial §-galactosidase.

The considered results may be prescuted also as data on a mean
fluorescence intensily of hepatocytes (arbitrary units) in 24 h depending
on the type of the injected material {sampling for each variant is 220
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Fig. 9. Example of the analysis of disiribition <arves by fluoresglow iriensit
after adminisiration of plasmid pGA293 in Npavemes). Uxplanation in the coxi

cells). Confidence limits of mean valuos and reliability of the difference

of two peaks on the experimental curve are determined for the probabi-

lity 220.99. Population of cells with the Lvightest fluorescencs is oot pre-

sented here hecause of its small nunber.
Intact animals

After injection of .p]as'mid- pGiﬂlex‘.ﬁ'ZA-
The same pGA293:

I peak L 23 AR
II peak . . . . . .. 10533

We have also experimentally studica preservation time oi facZ gene
expression products after introduction of a construction pGA2934 into
liposome. These experiments show that thic cnzyme is coniivved (o be
tested in hepatocytes during 8 davs {iip. 10). Since the used plasmid
does not integrate in gene the sequernice olu is likely to perform here either
promoting or enhancing functions thaf leads to a large accumulation of
lacZ gene product. However the quantily of brightly fluorescing hepatocy-
tes is noticeably lower than in a day aller the injection. Fluoresceince of
the bulk of cells does not differ from that when using plasmid pGA293Z4
in composition of liposomes ({ig. 10), i ¢. with no p-galactosidase in them.

Besides heterogeneily of cells one obscrves also individual differen-
ces on the organism level by an expression criterion of ihe ‘nirodu-
ced gene,

A distinct individual reaction of mice on the injected materials is
observed during the experiment with animals. As a rule, about 50 % of
animals either do not react on the administration of the plasmid material
or there is a very weak expression of lacZ gene in their hepatocytes.
B-Galactosidasc in the liver of other animals is tested in quantitics suf-
ficient to be tested by indirect IF method. The appearance of the indivi-
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dual response in 8 days after injection is revealed niore clearly than in
expernnenis where the product is lested in a day or two. The quantily of
animals with the expression product of lacZ gene delected in 8 days be-
comes ever smaller then the awimals whose expression is observed in
2 days

Thie presence of B-galactosidase in hepatocytes is also confirmed by
other cylochemical method — staining of the cells by OHFG. The reaction
product ss small granules is distributed by the cell periphery in hepato-
cytes of iutact animals. Smaller ¢uantitics are observed in the cenlral
part of cvioplasma. IHeterogeneily of cells by g-galaclosidase activity is
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Fig. 10 Disiribution of mice hepatocytes by a fluorescence level in 24 h alter injection
in lposcwes Do the liver: [ — pGA2937 A 2—pGA293: 3. pCHIIO0, 4 — pGA2034,
In & days ofter administration: 5 — pGA2934

N

pronciaicel more distinetly in {est varianfs than in conirol one. Dense
accinciations of the expression product of p-galactosidase activily ap-
pear i the majorivy of cells closer to the cell periphery. Particular gra-
nules of the product locate near nuclei or freelv in cvtoptasma. Distribu-
tion of the product with enzymatic activity in some cells does not differ
from: that in hepatocvtes of control animals.

Somewhat different data are obtained when nsing vector on the base
of hepatitis B virus DNA [30}.

Studies of the {ucZ gene expression in plasmida pHR21 and pCHII0
administrated into the liver of monthly mice have shown a tissue spe-
cificity of the vector obtained on thz base of hepatitis B virus DNA. As
in the above experiments the transfected hepatocytes have differently
fluorescing cyioplasma and dark nuclei. The quantity of the transformed
cells under the use of pHB2! plasmid in composition of liposome is in
24 h after ihe injection much higher than in experiments with pCH//0.

Ore is inclined {o think that the presence of hepatitis B virus enhan-
cers i plasmid pHB2! promotes an increase of lacZ gene expression in
animals’ hepatocytes. Comparison of this gene expression in plasmid
plipl! in culture of mice fibroblasts and in liver hepatocytes testifies to
tissue-specificity of the hepatilis B virus enhancers. In animals this spe-
cificit smanifests iiself stronger than in the cell preparations.

v i+ oconvenient but not the only organ suitable for administra-
tion ot recesibinant molecules. A possibility to administer recombinant
molectles iniracrianeously is stidied as an cxamnle. Piglels are taken
as an ohiccl of investmation,
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Administration of foreign genetic material intracutaneously to 14-day
piglets allows testing bacterial B-galactosidase in the epithelial cells in
a day aiter the injection. Nonloaded lipusomes serve as a control to
injection of plasmid pGA293A in composition of liposomes (fig. 11). Less
than 10 % of epithelium cells correspond to the control variant as to the
glow intensity while the bright fluorescence of cytoplasma in the rest of
the cells testifies to the preserice of the bacterial B-galactosidase. Possibly
so high efficiency of the transfection is connecied with the age of aninals.

Therefore, expression of the implanted gene material is shown on the
organism level on cells of differeni tissue (and in diffcrent organisims)
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Fig. 1. Immunofluorescence of skin epithelial celis in ld-day piglets in 21 I alie
iitjection” I — nonloade <«empty» liposomes; 2 — plasmid pGA429.34 in lipasontes

Fig. 12, Conlent of insulin-immunoreactive proteins in the samples of cullure medinn
iii different terms after transfeciion of fibroblast ceils in mamnals {(ordinate avs -
protein, mg/ml; absciss axis — days)

These works allow due to a possibility to estimate expression of the mar-
ker gene in cells establishing a heterogeneity of cells by the sludied sign
as well as a character of this heterogeneity. Besides it is found out that
heterogeneity is intrinsic in animals. It should be taken into account in
the work. In future it is necessary to design a test-system thal allows es-
timating individual perceptibility of the organism to rccombinant DNA.
Such estimation must be followed by optimization of the adminisiration
regime.

Knowing gcneral regularilies of the implanted gene manifesiation
and having the developed system of administration at hand we are ¢conr
ing now to the study of a fundamental possibilily of gene therapy of mass
pathologies.

As mass pathologies to study their parrying by the gene therapy we
chose insulin-dependent diabetes melitus (IDDM) and athcrosclerosis.

Substantiation of fundamental possibility of genc therapy cf insuiin-
dependent diabetes melitus. IDDM is a boundary between classical here-
ditary diseases and classical mass pathologies. On the one hand such
duality is explained by the fact that hereditary component of IDDM appe
arance is already known though not in all cases but rather often. Moieo-
ver, it is formally monogenic in the sense that the disease is conneccted
with an absence (or lack) of the product from only one gence — the onc
which codes insulin. It is formally monogenic because insulin is synthesi-
zed in the quantily necessary for the organism only in pancreas B-cells.
Death of these cells leads usually to a lack of a tetal quantily of hormo-
ne. However the differentiation of B-cells, i. ¢. formatiion of cclls synthe-
sizing insulin is under a very complex genetic control thal is uoi yet
wholly identified and with many genes participating in it. On the other
hand IDDM is really a mass pathology.

In some rare cases this disease is ctassical hereditary, i. e. «itom
birth» and is connected with a genetic defect in the insulin gene. Bul in
most cases it is induced by the insulin deficiency though the gene that
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codes insulin in all cells of the organisimn is not damaged. But rigorous
lissue specificity of the expression blocks its activity even if the organism
is agonizing because of its lack.

According to some data diabetes takes the third place among the
mortality causes in the developed countries. Recently one observes growth
of diabeties rate. IDDM makes up the bulk of such type of diseascs. Un-
der juvenile diabetes one observes, as a rule, an early degradation of
p-cells producing insulin in the organism [35]. IDDM conditioned hy the
point mutations in a structural part of the insulin gene [36] procceds
phenotypically the same.

In these cases patients arc treated by administration of considerable
doses of insulin obfained either by isolation of corresponding proiein from
the pancrease of mammals or by biotechnological methods.

At the same time radical treatment, i. e. elimination of the causes
of this disease may be provided only by gene therapy. In this case it is
possible to administer insulin-producing cells in capsules or in some other
way into the patient’s organism or to implant a normal insulin gene in
such molecuiar construction that provides its expression in patient’s cells
including nonspecialized cells. For development of new approaches to
treatment it is important to study expression of the exogenic insulin ge-
ne in the isolated cells of mammals in vifro and in cells from tissues
Ll ULuUo.

Insulin-coding gene is located in the cleventh chromosome in human
[37]. It is cstablished at present that regulation of the insulin genc ex-
pression is provided by 5 -flanking region that included unique sequences
and tandem repetitions [38, 391. It is this region that delermines high
tissue-specificily of the expression (only B-cclls of the pancreas). There-
fore for expression of the insulin gene in the cells where it does not work
one usually uses a standard technique of conncction of a structural part
of this gene 1o some other regulatory sequence. This technique was used
to demonstrate expression of the human insulin gene in the cells of CV-1
and COS lines [40, 41] when it was implanted into the cells with SV-40
and Ad2 regulatory elements.

In our work we solve the following problems: study of the expression
of the genome gene of human insulin in composition of different molecu-
lar struclures, study of the peculiarities of its expression in the culliva-
ted cells of different origin, development of the method for scleciion of
cells transformed by the insulin gene and studv of possibility to express
the insulin gene in tissuc cells under its direct implantation in liposomes
inlo the organism of the experimental animals.

A possibility of the expression of genome gene of human insulin from
its own promoter in absence of the rcgulatory site providing tissue-speci-
ficity of the expression is studied in a detail in cultivated fibroblasts of
human and mouse. Results of twenty one independent experimentis are
described in previous works [42-44]. It should be noted that rather large
variations in composition of the protein-product in the cultural medium
arc observed in the experiments, though the experimenial conditions are
thoroughly standardized. Such variations are attributed particularly to
fluctuations under formation of Ca-precipitate that is a defining functi-
on of the transfection level. It must be considered when using this method.
However analysis of all the performed experiments allows tracing a dy-
namics of its secretion after administration of recombinant pBR322Zins
plasmid into the cultivated cells. Since there is not noticeable difference
in a dynamics of the product in case of human fibroblast LEH and mouse
C3HI10T1/2 [42] the data are presented in one figure (fig. 12). Concent-
ration of the tested protein (ng/ml) of the cultural medium is shown in
the ordinate axis, time after {ransfection of cells — in the absciss axis.

In a day after administration of the recombinant DNA into the cell
system a level of the studied prolein does not reliably differ from the
conirol. Beginning from the 3d and up to the 10th day one observes a
aradual increasc of the proicin-product concentration in the cultural me-
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dium (p<C0.001). On the 13th day a level of the protcin secreted by the
cells shar~lyv decreases. On the 16th day and later a conceniration of the
tested p:. cin achieves 30-45 ng/ml. It must be noted that monoclonal
antibodies selected by us for testing rocognize the determinant common
for insulin and proinsulin and possibly for insulin-like growth factor evo-
lutionally approaching them. The fibroblasts are known to produce insu-
lin-like growth factors in the process of normal reproduction therefore a
relatively high background level in binding of antibodies takes place in
control samples.

Expression of the genome insulin gene in the recombinani construc-
tion pBR322ins in fibroblasts of four cell lines: LEI, S1., C3H10Ti/2 and
I.tk— are compared. It is shown that in all cases a maximal concentration
oi the sludied protein-product in the cultural mediuin amounts to 200-
250 mg/inl. Transfection of SL fibroblasts by DNA of recombinant pAins
containing alu-repetitions also resulls in a seccretion of a corresponding
protein-product into the cultural mediumn.

Concentration of the protein-product under administration of plasmid
pBR322ins into cells of other types (embryonal mouse hepatocytes) amo-
unts to 120 ng/ml, i. e. twice as lower as in the above experiments.

Cells of the human insulinome taken as a positive conirol produced
into the medium 125 ng/ml of the protein-product under the same con-
ditions. The product of the studied protein is investigated under conside-
rably increased level of the glucose concentration (1800 mg %) as comi-
parcd with the normal (100 mg %) that may increase a transcription and
translation regulation. In case of insulinome the produced protein is al-
most conipletely presented by insulin, that is apparently approaching the
maximum which may be obtained in the culture of nonspecialized cells
(insulinoma as all tumours consists mostly of dedifferentialed cells).

To increase a level of synthesis we carry out a repeated transfection
of three experimental preparations of LEH under the same conditions as
in the firsi transfection. Then the content of insulin-like protein factors
in samples of the preparations are compared after first and second trans-
fection. In all three cases afler the second transfection onc observes a
reliable increase of the protein-product as compared with the one obtained
aiter single treatment. II after the first transfection a maximal concent-
ration of 1he protein-product in the cultural medium is 140, 150 and
250 ne/ml, then after the second -— 800, 250 and 400 mg/l, respective-
ly. There are essential individual diiferences in the protein-product bet-
ween three preparations, though one and the same DNA preparation is
used for transfection, the latter being carried oul simullancously under
the same conditions. The glucose content in oiie and the same samples 13
studied ior cstimation of the functional state of the expression product
of the insulin gene. Glucose conceniration in the samples of the cultu-
ral medium of the same preparations {(when the glucose consumplion is
insulin-dependent) is decreased by 370, 110 and 360 mg %, vespectiveiv
in retation to the control level (table 3}.

Tabie 3
Meintonance of insulin and glucose in samples of cultural medium
Total Difference between treated and
¢ untreated variants
Samples
l:;‘;;{' Glucose, mg % Insulin, ng/ml Glucose, mg %,
|
Uniceated _
sanples 30 1860 — —
Trested samples: i
1 140 1490¢ 110 —370
2 150 1750 120 —-110
3 250 500 220 --360
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Therefore, the second transfection of the recombinnant DNA pBR322ias
cells in human leads to an increase of the concentration of the secreted
protein-product. The secreted protein-product has a specific functional
aclivity that results in a decrease of {he glucose concentraiion in ihe cul-
turai mediuvn. An increase of the protein-product yield under repeated
fransfeetion is, on the one hand, connected with an increase of ihe inso-
lin ¢ene dose, on the other — with a selection of most compelent cells
from the general helerogeneous population by this index. As il is shown
the vsed method of the immunc-enzymic analysis does noi allow deio
miniiig which protein exaclly is scereted-insulin or proinsulin, i. ¢. wicther
the profein processing proceeds in the studied cells of the culture. It is
known iroim hleratare that only proinsulin is tesled in collivated <ells
of Uie monkey's kidney CV-1 containing the implanied insuiin oene
Lunian. There is no processing of proinsulin into nsulin [40]. Proinsul
is known {o possess a weak insulin-like action. We suppose that proinsuo-
lin is obtained in our experiments, since the glucose conient wilth s
datly decrcase does not achieve a normal level (100 mp %), It may hea
alsu assumed that a part of immune-reactive protein is evolutionally si-
mitar insulin-like growtih factors produced by fibroblaste. The obtained
results support the following conclusions. Gene of human insulin without
ils regulatory site responsible for tissue-specificity may function in the
cultivated [ibroblasts of different origin. When studying fibroblasts in
human and mouse one observes a similar time dependence of the protein-
producl secretion of the insulin gene after implantation of the transforni-
ing DNA. A level of the secreted protein is reliably increased as against
contrel from 3d to 10 days and then it is sharply decreased. A maximal
vield of the protein-product under one-time transfection is 200-250 mg/nil,
Repcated inlroduction of gene increases the synthesis alimost {wice. A sc-
creted protein is likely to be proinsulin that possesses a specific functio-
nal aclivity resulting in a decrease of the glucose concentration in the
cullural medium,

A presence of a similar time dependence of the insulin gene protein-
product secretion for fibroblasts of different origin testifies thal such
processes arc not apparently species-specific. The next task of our work
is to make an attempt to select cells transformed by the insulin gene de-
void of a regulator of the expression tissue-speciiicity.

Klein's team has developed and evaluated the method of implantation
and sclection of the required hereditary information using cells from hu-
man and animal bone marrow for works on gene therapy {45]. This
method is rather effective bul as the same time il has evidenl drawbacks
connecled willi a necessity to adminisier a toxic selecting agent and with
a presence of a gene-assistent that inevitably contaminales the genome,
thus inducing side biclogical effects.

We use another miethod for selection of the transformed cells. It is
known that insulin-producing B cells are capable to fission. Insulin in
combination with other growth factors and tumours promoters of TPA
stimulates human and mouse fibroblasts for fission [46]. Thus, the pre-
sence of cells producers of insulin and/or proinsulin in the cell popula-
tion after transfection can possibly create a selective advantage for growth
and lcads to enrichment of population with cells-transformants under pas-
sage. An increase of survivability and improvement of growth properties
may be particularly pronounced in the mediunt depleted with serum or
without serum.

To verify this supposition we carry out transfection of LEII cells by
means of DNA pBR3&22ins, then inoculate them and cultivate during 10
days (time of expression) in the growth medium with 10 % of embryonal
serum. Afler this we replace the growth medium by the maintenance me-
dium with 3 % of the adult animal’s serum and hold cells in these con-
ditions longer than 1 month (5 weeks). It should be noted as against
embryonal serum of cattle (60 ng/m! of insulin-like proteins) that se-
rum of adult animals is depleted with growth factors (less than 1 ng/ml).

o
t
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From 30 to 60 ng/ml of insulin-like proteins are observed in samples of
the cultural medium during the studied period.

Then the cells are replated once a week to determine the protein-
product directly before each following passage. The results obtained un-
der determination of the content of the protein-product of the insulin ge-
ne is subcultures of LEH cells are presented in fig. 13. The content of
protein after first and second passage exceeds 100 ng/ml. Further one
observes variations of the protein-product content in the samples of five
studied subculiures of human cells, but generally a tendency {o an in-
creasc of protein secretion to the level of 200-250 ng/ml is traced (fig. 13).
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Fig. 13. The content of the protein-product in the samples of the cultural medium under
passage of cell subcultures (ordinate axis — ng/ml; absciss axis — passage)

Differences between experimental and control variants are in all cases
reliable (p<<0.001). Comparison of the data from second and seventh
passages reveals also reliable differences. There is an impression that the
population after cultivation is enriched with cells producing the studied
protein in the medium poor in growth factors. If to compare the product
of immunoreactive protein in these experiments with the one produced by
insulinoma (the data are presenled above) it proves that the obfained
culture is twice as effective as insulinoma.

After the seventh passage the cells are cloned in the medium with
20 % of embryonal serum [43, 47}.

Lificiency of cloning of transfected cells is 1 %. This index is lower
in control variants (0.001 %). No clones are obscrved. Such low cloning
efficiency is specified by the fact that cells during several passages grow
on half-seleclive medium and actually are depleted. But the depletion le-
vel in the control is s¢ deep that cells do not grow at all after cloning
while in the experiment due to the endogenic formation of insulin (or
proinsulin) the cloning slill proves possible. Five experimental clones are
isolated, cells are reproduced, the content of protcin-product is determined
in samples of the cultural medium. An increascd content of insulin-like
proteins (60, 80 and 100 ng/mil) is detected among thosc capable to cion-
ing is likely to be high. To make more exact guantitative analyvsis a great
number of clones must be studied.
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Comparison of a total level of synthesis of the product recognized
by antibodies 1o insulin in the culture after some passages under hali-
selective conditions and clones isolates from this culture as seen from
the above data and in fig. 13 shows a large quantitative difference. Al
clones prove cssentially less productive than the initial population. It
supports an interesting supposition. If selection at a level of production
procceded under half-selective conditions then the insulin-producing clo-
nes would have a selective advantage in cloning. Comparison of the clon-
ing cfficiency points to it. But clones (all) isolate the immune-rcactive
product but 1n quantities less than initial population from which they are
produced. This is possible not for selection aimed at increasing of the
product level by cells but for the production proper of the given profein
by the cells, i. e. for producing cells on the whole. However in this case
one more assumption is needed — a regulatory one. A level of cxpression
under growing conditions in half-selective media is higher than in nop:
sclective ones optimal for cells. A maximal level of expression after clorn-
ing (in 20 % serum) returns to its low level corresponding to the one
after the first transfection. This suggests that in the residual range of
5’ site of the insulin gene there are sequences that allow regulation of
this gene in the nonspecialized cells.

In {wo experiments where cells transformed by the human insulin
gene are selected we use C3HLtk~ cells of a spontaneous tumour of mou-
se. The cells in this case are implanted with a restriction DNA fragment
with the insulin gene. In 10 days after transfection (expression time)
cells are held in the medium without serum during 1 month. Cloning ei-
ficiency of cells after long-term cultivation in the serum-free medium is
less than 0.001 % in the conirol variant, while after treatment it amounis
2.2 %. Two experimental clones are isolaled and reproduced. Insulin-like
protein-product in concentration 70 and 100 ng, respectively is found in
samples of the cultural medium of these two clones. Dot-hybridization re-
veals the oresence of additional copies of the insulin gene in DNA from
cells of these clones. A difference displays itself only under their culti-
vation in the serum-frce medium after transfection. Data on cloning of
C3HLtk— cells after their passage in the growth medium with 10 9% se-
reniv of cattle may be taken for comparison. Cloning efficiency in the
control variant amounts to 13 %, in the experimental variant — i6 % (a
dificrence is not reliable).

Thus the prescnce and functioning of genome human insulin gene
of exogenic origin in fibroblasts of mammals leads to an increase of cell
survivability that is expressed under conditions of medium depleted with
growth factors (for normal fibroblasts of human and mouse) and medium
without growlh factors (for tumour cells of mouse). This approach may
prove helpful for enrichment of population with cells-transformants and
for sclection of cells transformed not only by the insulin gene bui also
hy genes of other growth factors. It permits doing without the gene-as-
sislent and a {oxic agent. However it brings up the problem on a possi-
hility of the accompanying selection of cells with signs of malionant
transformation.

As applicd to the problems of gene therapy a key moment here is the
maintenance of the normal potential of division in order the cells when
cullivated outside the organism do not acquire properties of the malig-
nant phenotype. In this connection we study a possibility of the {rans-
formation foci appearance on the monolayer of the transfecied cell cul-
tures of LEH and C3II10T1/2. However, transformation foci consisling
of morphologically varicd and chaotically Jocated cells arce not found.
Cells C3H10T1/2 transfected by DNA of plasmid pB8R322ins and initial
plasmid pBR322 are also studied for their tumour forming ability under
their subcutaneous administration to new-born irradiated mice of a syn-
~enic line. No tumours are found. Therefore implaniation of the recombi-
nant DNA with human insulin gene into normal cells with their subse-
quent selection on media depleted with growth faclors does not lead to
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this malignizalion (at least within the sensitivity of ihe
methods).

Thws, the experiments on the culture of cells have shown efficiency
of the insulin gene cxpression under constitutive promoters. Now it is
necessary fo estimate a fundamental possibility of parrying IDDM by
implantation of the insulin gene at a level of an experimenial animal
[48, 49].

After implantation of plasmid pAins to animals with artificiallv in-
duced streptosolocine diabetes one observes in the great majority of mice
a considerable decrease of the glycemia with its maximal fall in 6 h ai-
ter injection. Then a gradual increase of the glucose content iakes place
but in 10 h its level is low as against conirol and initial levls, Only in
24 h after DNA implantation the initial indices arc set again. A degree
of the animal’s reaction is different. In some specimenis we ohserve a
decrease of the glucose conteni to a moderate glycemia (7.5-5 mmol/l),
in some others — to the norm (4.5-5.0 mmol/l), still in others — to hyper-
glycemia (2.0-2.5 mmol/l). Some experimental animals died in 6 and
10 h (4 mice). There are also animals with diabetes (9 %) that do not
response to the administration of the preparation (tabl. 4).

We perform some control tests to confirm a decrease of the glucose
level under the influence of implantation of a plasmid with an active ge-
ne human insulin, Under the same conditions we inject empty liposomes
and physiological solution into the liver. It proves that opening of the
peritoncal cavity. before the injection and administration of the physiolo-
gical solution do not essentially aifcct the glycemia dynamics. Injection
of empty liposomes causes a decrease of the glucose conient in the hlood
of ill animals, but it is less pronounced as against the action of pAins.
Time is also different: a maximal decrease of the glucose content is ob-
served in 10 h after the injection. There are neither losses of animals nor
hyperglycemia in this case.

Thus, the implantation effect of the plasmid carrying an aclive in-
sulin genc of human is analogous to the action of exogenic insulin pre-
parations injected to ill animals, i. e. one observes a considerable decrea-
se of the glucose content as against control in 6 h after the injection.
A high individual variability of the animal’s response to the action cn-
gaged our attention. It is typical that this variability takes place under
injection of pure insulin. A reactive insulin and C-peptide in the blood
serum of animals are compared after implantation of the recombinant
DNA to them during a maximal decrease of glucose (tabl. 5).

' The measurements have shown that the content of immunoreactive
insulin in animals of control variants is very close (differences are within
the measurement error). As for the animals from the experimental group
they have more than a 4-fold difference in the quantity of the determined
insulin while its absolute quantity under maximal values exceeds 2.5 ti-

used

Table 4
Glycemio dynamics in mice with artificially induced streptosotocine divbetes after adminisiratio

The number

What is administered Way of administered of animals
pAins Into liver 32
pGins : Intraperitoneal 4
‘Liposomes without DNA Into liver 10
Pliysiological solution Into liver ) _ 15
Nothing {Inlact sick animals) .7
Insulin Intrantuscular 33

* p=0.99; ** p>>0.999.
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mes a maximal level of control variants. It corresponds to the insulin
content in healthy animals. No C-peptide is observed in the bloods sernm
of experimental animals. o

As is shown the implantation of the model gene displays a high he-
terogeneily of animals as to susceptibility to this procedure. There are
individuals with a high registered level of B-galactosidase expression in
a hepatocyte and there are animals with this index differing from tie
control but slightly. So variation in the level of the determined insulin in

SSUME]] PATHWAY IN HEPATIC Fable 5
FATITWAY OF 3-CELIS CELIS 1,;;!9[.; of IRI in 6—& I wjler injection,
8 C 4 ap 5 I A of pAins into the liver of rais with
) T i artificially induced dicbetes
7 A A P Kl I A The num- i .
e - B A What is injected [ber of ani- l!%[l,mﬂ?i/?ﬁl.
) mals
8 [ moA ¢ : . .
— P L A ‘
f ) i N pAins 4 S0 345
Al B J Physiological
A . A sotution 2 128—139
_b L i C infact sick
T \ T _*_I [ T . o . . .
) ) ! lJ N animals 3 103138
T O ) A
A A
~ o XA
QZ/?"K/}') / %/ //\ ) .
NoUE ~ 8N\ ihe experimental animals proves
T N / Y ted, i it wholl
N s P expected, 1. e. it wholly corre-
E. ;v sponds to the regularities os-
¢ - - tablished in {he experiments
' with a marker gene.

Fig. 11 Wavs of processing and trans-
vart ol preproinsnlin and its derivatives
(PP — prepeptides A4, B, € — peptides)

The other plasmid pGins
injected intraperitoneally in the
same doses in liposomes also
auses a considerable decrease

ol the glucose level in rals
with artificially induced diabetes. Thus, the aciion of plasmid pGins
is analogous to the action of pAins despite of the differences in the struc-
ture of vector molecules and injection mcthods (table 4). -

We study the effect of the recombinant plasmid pAins on healthy
Wistar rats. An ohserved decrease of the glucose level in healthy animals
is also different. In some animals it is as in the control, in others - falls
ahout twice. It should be noted that in the control group (as well as in
the cxperiments at the moment of injection) there are no essential devi-
aions from the average level. A relatively small docrease of the glucose
content in rats. susceptible {o the administration of the recombinant mo-

of pAins and pGins plesmids

Glucosa, mmol/l

Time of plasmid administralion, h

Loss of animats

0 6 10 E 24
{ | B
9.0—29.6(17.5) 1.7—-20.8(10.4) 5.3~-25.7(14.6) 7.0--22.0(15.6) 5§, Hypoglycemin
19.0—227(207)  4.3—13.2(9.1) 87—14.2(11.4) 13.7 -18.0(158) 1, Hypoglycemia
127—225(1899) 11.0—23.0(17.2) 3.4—20.6**(12.6) 6.2—22.6(16.4} — ,
89--225(16.5) 96 -23.1(16.0 5.6—22.9(15.2) 7.8 —19.7(14.8) —
9.0—224(17.5) &6-—21.6(15.7) 10.6—22.8(17.8) 6.8—21.6(17.5) —

9.0—22.0{16.1)

44— 167%(11.6)
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lecules may be atiributed to the powerful system of regulaticn of the ¢lu-
cose content in the blood of healliy animals (table 6). v
Analysing the obtained results one should consider 2lso possible
nonspecific reaction of the organism. It is known {hai the laroest popu-
lations of macrophages (called aiso Kunfior celis of the liver) ate loca
ted ii: the liver and in the peritoncal cavily. They ave the Fiesi {ink
of lhe protective system in the mammals organism. Theeo cebr napul

tions are heterogeneous as t{o their functional specialization. -a set
of receptors, stages of differentiation eic. Liposomes are easily and
quickly phagocytized by macrophages. A high activity of the penthose-
phosphate path for glucose consumption is typical for aclivaled macro-
phages [50, 51].

It is not the main way of glucose metabolism in the mammnals. its
quantity depends on the funclional state and may be rather high when the
cell transform all its biological activity on biosynthesis and jsolation of
purposeful preoducts: mediators, enzymes. Glucose consummnplion by the
Kupifer cclls increases in this case 3-4 times. It affects this way or the
other a lotal content of glucose in blood. Considering a total quantity of
the Kupffer cells, a level of their activation, dynamics of glicose con-
sumption, its total initial level, a lotal quantily of glucose al the begin-
ning of the experiment and in its peak activity and time recessary for it,
difference in time with an action of insulin (a small lag necessary for
penetration and cxpression starl of the gene), variations in animals sus
ceptibility to insulin and the iwplanted gene etc., a noaspecific action of
the glucose absorplion well accounts for the action of empty liposomes.
An effect of the administered insulin gene of human is well pronounced
against the background of this nonspecific decrease of the glicose level
in the control.

Coincidence of the glucose absorption dynamics under administrati-
on of pure insulin gene into the liver of ill animals allows a suppesition
that transitory transformed hepatocytes isolate not proinsulin but insu-
lin [49]. Since for hepatocyles a correct level of proinsulin processing
and its transport from ceils prove incredible we assume that a succession
of stages for insulin maturation is changed. It is as follows: after proin-
sulin synthesis there proceeds a correct laying, then C-peptide is splitted
off and finally the form nol at all formed in B-cells (tentatively it may
be called preinsulin: correctly set A-peptide chains without C-peptide but
with prepeptide) is isolated due to prepeplide through an inlernal cell
membrane where it is removed while a functionally active insulin comes
into the intercellular space [1]. Under this transport C-peptide docs not
at all leave the cell (fig. 14).

Expression peculiarities of the insulin gene implanied inlo the cells
of the culture as well as cloning of these cells and a level of the tested
product after the expression underlies a supposition that the fraginent of
the genome under consideration contains certain regulafory sequences
which allow for the regulation in the nonspecialized cells. I"ig. 15 presents

Table G
Administration of plasmid pAins and pGins to heulthy animals

The number

What is administration ‘ Way of administration of animals
pAins Into liver 11
P-—> Intraperitoneal 5
pGins Intraperitoneal 5
Liposoines ) Into liver ' 5
Physiological solution Intraperitoneal 3
Nothing (Intact sick animals; 6
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a primary sequence of the insulin gene and adjacent regions from 5" and
3’ end. The cloned fragment under consideration (in all above experi-
ments) is located between Bgl/l and Tagl sites (sequences 2017-2022 and
4819-4824).

Comparison of the thoroughly studied structure of the regulatory si-
tes of insulin 1 rat’s gene shows that a sequence in position 217-197 cri-
tical for tissue-specificity is absent in our constructions (Bgl/! sitc begins
from the nucleotide in position 167).

Another negatively (for others except p-cells) controlling element is
between 100 and 91 nucleotides. It is present in our constructions. Howe-
ver due to sequence 110-100 that specifies binding of a tissue-specific fac-
tor starting the transcription the expression of this fragment containing
the insulin gene takes place in the cells that do not synthesize insulin in
the norm [52, 53]. Canonical promoter sequences TATAAA-box (nucleo-
tides in position 28-24) are also preserved in this fragment. CAP-site
(o-position) is not disturbed as well. 1t allows varying a level ol expres-
sion in different types of cells. It is very significant that such residual
regulatory elements may essentially affect liie expression in cells of dif-
ferent individuals in whose organism a level of synthesis of certain pro-
teins or their affinity to the given sites are somewhat changed. In the
norm insulin is synthesized only in f-cells of the pancrease (and in some
nerve ones). Therefore the insulin gene siles recognized by the tissue-
specific factors in transcription of other cells are intended not for it. They
are simply close to the insulin sites because of an accidental coincidence
(a sequence is very short).

Other not yet found regulatory sequences affecting the expression in
the specialized cells are also possible. In this case our attention is enga-
ged by an exceedingly high saturation of 5 noniranslated region G — C
with nucleotide pairs (G in significant filament). They amount to 49.7 %
in sequence 885-1044, 60.9 % — in sequence 1380-1816. There is an abun-
dant region G — C —in 3’ they amount to 51.5% in position 4011-4079.
Such cluster deviation can hardly be caused by a random distribution in
25 %. These regions from 5’ end and from 3’ cnd arc nontranslated. Their
role in the regulation suggests itselt. These G — C regions from 5" end
are taken away from the fragment under analysis while from 3 end —
are kept. A kind of asymmetry appears there. Possibly it contributes into
the specificity of the described expression.

Substantiation of a fundamental possibility of gene therapy of athero-
sclerosis. Atherosclerosis is taken by us as the second example of mass
pathology to be treated by the methods of gene therapy. [f in case of
IDDM a choice of the gene with en expected therapeutic effect is evident
then in case of atherosclerosis at first glance it seems to be impossible.
Atherosclerosis is a multifactor pathology [54] with many different phy-
siological, biochemical and molecular processes contributed into it.

Really one cannot expect the only cne universal means for all cases.
However medical experience testifies that among all the various reactions

Glucose, mmol/l

Time after plasmid administration, h

0—5.1 (4.6) 2.7—4.3 (3.5) 3.3—4.6 (4.0) 4.0—5.7 (4.8)
2_6.0 (5.0) 2.0—5.7 (3.8) 2354 (3.6) 3.1—5.9 (4.8
560 (5.1) 2.7-5.0 (3.8) 3.1—56 (4.3) 4.9—5.7 (5.0)
3—5.5 (6.0) 2453 (3.7) 3949 (4.5) 3.9-5.7 (4.7)
4--5.1 (4.8) 3947 (4.4) 4154 (4.8) 4.3—5.1 (4.8)
3—5.7 (5.0) 4357 (5.2) 4.0—5.1 (4.9) 3.5-5.6 (4.7)

Lttt
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LTCGAGGGGCCTAGACATTGCCCTCCAGAGAGAGCACCCAACACCCTCCAGGCT TGACCGGCCAGGGTGTCCCCTTCCT
ACCTTGGAGAGAGCAGCCCCAGGGCATCCTGCAGGGGGTGCTGGGACACCAGCTGGCCTTCAAGGTCTCTGCCTCCCTC~
CAGCCACCCCACTACACGCTGCTGGGATCCTGGATCTCAGCTCCCTGGCCGACAACACTGGCAAACTCCTACTCATCCA-
CGAAGGCCCTCCTGGGCATGGTGGTCCTTCCCAGCCTGGCAGTCTGT TCCTCACACACCT TGTTAGTGCCCAGECCCTG
AGGTTGCAGCTGGGGGTGTCTCTGAAGGGCTGTGAGCCCCCAGGAAGCCCTGGGGAAGTGCCTGCCTTGCCTCCCCCTG-
GCCCTGCCAGCECOTBECTCTECCCTCCTACCIGEGETCCCCCCATCCAGCCTCCCTCCCTACACACTCCTCTCAAGGA~
GGCACCCATGTCCTCTCCAGCTGCCGGGCCTCAGAGCACTGTGECETCCTGEEGCAGCCACCGCATGTCCTGCTGTGGC-
ATGGCTCAGGGTGGAAAGGGCGGAAGGGAGGGGTCCTGCAGATAGCTGGTGCCCACTACCAAACCCGCTCGGGGCAGGA-
GAGCCAAAGGCTGGGTGTGTGCAGAGCGGCCCCGAGAGGTTCCGAGGCTGAGGCCAGGGTGGGACATAGGGATGCGAGG-
GGCCGGGGCACAGGATACTCCAACCTGCCTGCCCCCATGGTCTCATCCTCCTGCTTCTGGGACCTCCTGATCCTGCCCE -
TGGTGCTAAGAGGCAGGTAAGGGGCTGCAGGCAGCAGGGCTCGGAGCCCATGCCCCCTCACCATGGGTCAGGCTGGACT-
TCCAGGTGCCTGT TCTGGGGAGCTGGGAGGGCCGGAGGGGTGTACCCCAGGGGCTCAGCCCAGATGACACTATGGEGGET -
CGATGGIGTCATGGGACCTGGCAGGAGAGGGGAGATGGGCTCCCAGAAGAGGAGTGGGGGCTGAGAGGGTGCCTGGGGG-
GCCAGGACGGAGCTGGGCCAGTGCACAGCTTCCCACACCTGCCCACCCCCAGAGTCCTGCCGCCACCCCCAGATCACAC-
GGAAGATGAGGTCCGAGTGGCCTGCTGAGGACTTGCTGCTTGTCCCCAGGTCCCCAGGTCATGCCCTCCTTCTGCCACE-
CTGGGGAGCTGAGGGCCTCAGCTGGGECTGCTGTCCTAAGGCAGGETGGGAACTAGGCAGCCAGCAGGGAGGGGACCCE-
TCCCTCACTCCCACTCTCCCACCCCCACCACCTTGGCCCATCCATGGCGGCATCTTGGGCCATCCGGGACTGGGGACAG-
GGGTCCTGGGGACAGGGGTCCGGGEACAGGGTCCTGGGGACAGGGGTGTGGGGACAGGGGTCTGGGGACAGGGGTGTGG-
GGACAGGGGTGTGGEGACAGGEGTC TGGEGACAGGGGTGTGEGGACAGEGETCCGEGGACAGGGG TGTGGGEACAGGGG-
TCTGGGGACAGGGGTGTGGGGACAGGGGTGTGGGGACAGGGGTCTGGGGACAGGGG TG TGGGGACAGGGGTCCTGGGGA-
"CAGGGGTGTGGEGACAGGGGTGTGGGGACAGGGGTGTGEGEACAGGGGTGTGGGGACAGGGGTCCTGGGGATAGGGE TG~
TGGGGACAGGGGTGTGGGGACAGGGGT CCCGGGGACAGGGGTGTGGGGACAGEGGETGTGGGGACAGGGGTCCTGGGGAC
AGGGGTCTGAGGACAGGGGTGTGGGCACAGGGGT CCTGGGGACAGGGGTCCTGGGGACAGGGGTCCTGGEGACAGGGGT~
CTGGGGACAGCAGCGCAAAGAGCCCCGCCCTGCAGCCTCCAGCTCTCCTGGTCTAATGTGGAAAGTGGCCCAGGTGAGG-
GCTTTGCTCTCCTGGAGACAT TTGCCCCCAGCTGTGAGCAGGGACAGGT CTGGCCACCGGGCCCCTGGTTAAGACTCTA-
ATGACCCGCTGGTCCTGAGGAAGAGGTGCTGACGACCAAGGAGATCTTCCCACAGACCCAGCACCAGGGAAATGGTCCG-
GAAATTGCAGCCTCAGCCCCCAGCCATCTGCCGACCCCCCCACCCCGECCTAATGGGCCAGGCGGCAGGGGT TGACAGG-
TAGGGGAGATGGGCTCTGAGACTATAAAGCCAGCGGGGGECCCAGCAGCCCTCAGCCCTCCAGGACAGGCTGCATCAGAA~
GAGGCCATCAAGCAGGTCTGTTCCAAGGGCCT TTGCGTCAGGTEGECTCAGGET TCCAGGGTGGCTGGACCCCAGGCCC-
CAGCTCTGCAGCAGGGAGGACGTGGCTGGGCTCGTGAAGCATGTGGGGGTGAGCCCAGGGGCCCCAAGGCAGGGCACCT-
GGCCTTCAGCCTGCCTCAGCCCTGCCTGTCTCCCAGATCACTGTCCTTCTGCCATGGCCCTGTGGATGCGCCTCCTGCC~
CCTGCTGGCGCTGCTGGCCCTCTGGGGACCTGACCCAGCCGCAGCCTTTGTGAACCAACACCTGTGCGGCTCACACCTG-
GTGGAAGCTCTCTACCTAGTGTGCGGGGAACGAGGCTTCTTCTACACACCCAAGACCCGCCGGGAGGCAGAGGACCTGC-
AGGGTGAGCCAACCGCCCATTGCTGCCCCTGGCCGCCCCCAGCCACCCCCTGCTCCTGGCGETCCCACCCAGCATGGGE-
AGAAGGGGGCAGGAGGCTGCCACCCAGCAGGGGGTCAGGTGCACTTTTTTAAAAAGAAGTTCTCTTGGTCACGTCCTAA-
AAGTGACCAGCTCCCTGTGGCCCAGTCAGAATCTCAGCCTGAGGACGGTGT TGGCTTCGGCAGCCCCGAGATACATCAG-
AGGGTEEGCACGCTCCTCCCTCCACTCGCCCCTCAAACAAATGCCCCGCAGCCCATTTCTCCACCCTCATTTGATGACC
GCAGATTCAAGTGTTTIGTTAAGTAAAGTCCTGGGTGACCTGGGG TCACAGGGTGCCCCACGCTGCCTGCCTCTREGLG
AACACCCCATCACGCCCGGAGGAGGGCGTGGCTGCCTGCCTGAGTGGGCCAGACCCCTGTCGCCAGCCTCACGGCAGET-
CCATAGTCAGGAGATGGGGAAGATGCTGGGGACAGGCCCTGGGGAGAAGTACTGGGATCACCTGTTCAGEGCTCCCACTG-
TGACGCTGCCCCGGGGCGEGGGAAGGAGETGREACATGTGGGCGT TGGGGCCTGTAGGTCCACACCCAGTGTGGETGAC
CCTCCCTCTAACCTGGGT CCAGCCCGGCTGGAGATGGGTGGGAGTGCGACCTAGGGC TGGCGGGCAGGCELGCACTIGTG-
TCTCCCTGACTGTGTCCTCCTGTGTCCCTCTGCCTCGCCGCTGTTCCGGAACCTGCTCTGCGCGGCACGTCCTCGCAGT~
GGGGCAGGTGGAGCTGGGCGGGGGCCCTGETGCAGGCAGCCTGCAGCCCTTGGCCCTGGAGGGGTCCCTGCAGAAGCGT -
GGCATTGTGGAACAATGCTGTACCAGCATCTGCTCCCTCTACCAGCTGGAGAACTACTGCAACTAGACGCAGCCTGCAG-
GCAGCCCCACACCCGCCGCCTCCTGCACCGAGAGAGATGGAATAAAGCCCTTGAACCAGCCCTGCTGTGCCGTCTGTGT-
BTCTTGGGGGCCCTGGGCCAAGCCCCACT TCCCGGCACTGTTGTGAGCCCCTCCCAGCTCTCTCCACGCTCTCTGGGTG-
CCCACAGGTGCCAACGCCGGCCAGGCCCAGCATGCAGTGGCTCTCCCCAAAGCGGCCATGCCTIGTTGGCTGCCTGCTGC~
CCCCACCCTGTGGCTCAGGGT CCAGTATGGGAGCT TCGGGGGTCTCTGAGGGGCCAGGGATGGTGGGGCCACTGAGAAG-
TGACTTCTTGTTCAGTAGCTCTGGACTCTTGGAGTCCCCAGAGACCTTGTTCAGGAAAGGGAATGAGAACAT TCCAGCA-
ATTTTCCCCCCACCTAGCCCTCCCAGGTTCTATTTTTAGAGTTATTTCTGATGGAGTCCCTGTGGAGEGAGGAGGCTGG~
GCTGAGGGAGGGGGT

Fig. 15. Primary sequence of insulin gene aund adjacent region from 5/ and 3 ead

participating in the development of atherosclerosis there is a ceriain lend-
ing motive.

In compliance with modern notions on a significance of lipid and Ii-
poproteid metabolism in development of atherosclerosis numercus ¢lini-
cal and cxperiimmental measures on prophylaxis and ircalment of this di-
scase arc based on using means that decrcase the lipid contenl in blood
[55]. Alongside it is known that development of Ithems( lerosis is ceii-
nected not only with changes of lipid butl also protein part of lipoproie-
ids - - apoproleins. Apolipoprotein /-’l] is the main u)mp:meni (70%} in
the protein fraction of high-densily lipoproteids (MDLP) which can re-
<fnla'o a level of cholesierin in blood and remove it froni cells of vesscis.
A significant antiathcrosclerogenic role of this fraction in lipoproleids is
confirmed by numerous epidemiological studies showing that lwman in-
dividuals with a high level of HDLP do not suffer athcrosdaros'b while
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shortage of this fraction of lipoproteids correlate with a risk ef cardio-
vascular pathologies. It determines new approaches to searchine ui rnti-

atherosclerctic preparations among sihstances affecting HDLP ~omibests,
Proceeding from the above it seems promising in cases ol mercased
level of cholesterin, changes in correlations of the lipoproteid iraciions

Pst i Hipd W Sacl  Xhel

Smal i ! l(pln I Ps}tu 7 Pru I/ Smal Pstl
I I

I 1 xd
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fig. 16. Resiriction map of the human gene ¢poAl
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Fig. 17. Struciure of the human gene apoAl

and other the like disturbances of lipid mctaholism envolving develop-
ment of atherosclerosis to incrcases 1IDLP level by genotherapeuiic cor-
reclion using a cloned human gene apoAJ.

Clone with positive reproducible signals under its probe hybridiza-
tion to human gene apoA/ is oblained after screening of about 3-10° re-
combinant phages from the library of human genes. DNA of the recom-
binant phage is produced in preparative quantities with its splitting by
differeni resiriclases and subsequent Sauthern blot-hybridization of DNA
fragments separated by electrophoresis.

Pstl fragment (about 2.2 kb) of human DNA is subcloned in compo-
sition of a bacterial vector pUCIS in two orientations (plasmid pUCISapo
and pUC/[8apo’). Mapping of the cloned human DNA f{ragment using
restriction endonucleases HinddlI, Pyull, Sacll, Kpnl, Xhol, Smai, Tagl
confirms identity in the length of the obtained restrictions fragments with
those of human gene apoAl whose restriction map is shown in fig. 16.

A primary structure of Pst/-Hind[Il fragment of DNA from 5 end
of the cloned gene is delermined. No changes arc observed in the nucleo-
{ide composilion as against previously described for human gene apoAf
[56]. The presence of seven-member AT-rich sequence (ATAAATA} which
is a part in the promoter region in the natural gene surrounding is can-
firmed in the cloned DNA fragment in position-— 264-258 in relation to
ATG codon. Scheme of human gene apoAl and sequences specifying its
regulalion are shown in fig. 17. As we see Ps{/ fragment contains incom-
plete promoter bul some elements responsible for tissue-specificity are
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absent. So, when constructing DNA we proceed from the necessity to in-
troduce additional regulatory elements into its composition.

It is known from literature that alu-repetitions in human contain DNA
sequences that may act as enhancer for RNA-polymerase Il and as pro-
moter for RNA-polymerase 11 {57]. Therefore to study the cxpression of
the cloned gene we construct a recombinant plasmid pALlapo which is
different from pUCI8apo by the presence of the polylinker from one hu-
man alu-rcpctition that is cloned by BamH/! site and located in the 5°
end of the gene.

Recombinant plasmids are used to iransform mice fibroblasts of Ltk~
line which in 24 h are washed and poured with a serum-free medium hut

%

180 150
140

. 125}
60

201 100

Fig. 18 The conteat of human apeAl in the culture medium after transfeclion of wmice
fibroblasts by different plasmids: f —pALI 2 — pUCl8apo’, 3 — pUCI18apo (ordinate
axis — protéin, ng/mi; absciss axis — days)

Fig. 19. Change of ChS-HDLP after administration of human apoAl to adult rabbits

with 2 % glucose. In some periods of time this glucosc is replaced for
fresh portions to perform immunoenzymic testing of human apoAl in
samples.

At each stage we obtain lisates from cells for parallel testing of pro-
tein in them. The results of testing are shown in fig. 18.

No protein A/ is found in cell lisates of human that evidences for
its prevailing secretion into the cultural medium. A maximal protein sec-
retion into the cultural medium (under conditions of our experiments) is
observed in 3-6 and 6-10 days aiter administration of plasmid DNA. In
all cases during 10 days one observes a reliable excess of the quantity of
the tested protein over the control (cells without implanied plasmid DNA
and cells with the implanted pUCI8) after transfection of pALlapo. The
quantity of the tested apoAl aiter transfection of pUCI8apo and
pUCI18apo” (different gene orientation) reliably exceeds the countrol back-
ground on 3-6 and 6-10 days. However its quantity is much lower than
in the variant with pALIapo. As it is expected an expression level of the
gene in the cell culture does not depend on its orientation in the bacterial
vector and is everywhere low if to subtract the control background. It
may be attributed to the fact that not all the sequences of the promoter
site are present in the cloned iragment of human DNA. Introduction of
one human alu-repetition into the recombinant molecular enhances the
gene expression. To our mind, it happens due to restoration of the en-
hancing function of a tissue-specific character. It also demonstrates that
alu-like scattered repetitions possess important properties worthy of at-
tention. On the one hand they contain sites capable to enhance expression
of the genetic material. On the other hand, their use because of their high
occurence in the human genome may increase a frequency of homologic
recombination, thus promoting integration of foreign genetic material.
These properties make alu-repetitions very promising under construction
of vectors.

The next stage is devoted to study of the expression of human gene
Al under its administration into experimenial animals. For the first ti-
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me the problem of gene therapy of age pathology is stated and experi-
mentally solved.

Human gene apoAl in plasmid pALlapo is implanted to experiimen-
tal animals (adult and old rabbits). It is shown that irrespective of lhe
animal’s age one observes human protein apoAl in their blood. It is de-
tecled by immunoelectrophoresis in the agarose gel with a specific anti-
serum to this protein. Immunoprecipitation does not take place in the
blood of conirol animals. The quantitative estimation of human apoA!
detecied in the blood plasma of rats (un- o,
der standard human serum) demonstrates

that its content in 24 h alter gene implan- 125} !

tation varies from 0.5 to 0.25 mg/length | /g
in old rabbits and to 0.9650.30 mg/length r /,o._._,_ ot
in adults. / ————5
fookf&l_’-‘-;-’ﬁ -} - - —-~--—-o,‘r'
«
Figg. 20, Change of ChS-HDLP after administration ’_ h .
of hitnan apoAl to old rabbits o O e n ok,

Changes in the content of Chs-HDLP are chserved in hlood of expe-
rimental rabbits in 18, 24 and 48 h. From data in fig. 19 we sce that they
differ in different animals. However onc observes mainly a growth of
Chs level of LP fraction.

As early as in 18 h we observe a pronounced change of Chs-HDI.P
content in experimental animals of both age groups. Changes in adults
are more pronounced than in old animals. However il is pronounced
enough in the old specimens too. The like changes we observe in total
cholesterin of the blood plasma in rabbits [55]. Such regularity is ob-
served also in a change of a per cent content of HDLP as against other
fractions of ILP (table 7) in adult animals. Changes in old animals are
observed only in 48 h. Analysing the data it is necessary to take into ac-
count a well-pronounced individual response of animals to the gene im-
plaitlation (fig. 19 and 20). So, the average induces do not reflect the
situation on the whole.

Changes of relative Chs-HDLP concentrations and HDLP fraction
are within diurnal variations of these parameters in conirol animals with
administered empty liposomes (K;, K:). Data on the gene expression in
a cell culture do nol always adequately reflect the processes proceeding

a level of intact organism. Consequently the expression of human gene
epoAl is very important under its direct implantation into animal’s cells.

Tahle 7

The content of different fractions of lipoproteids in blood of adult and old rabbits affer
impiantation of human apoAl gene (relative concentration, %)

Aduit Old
Conditions of the
experiment LDLP VLDLP HDLP LDLP VLDLP HDLP
Control
(administration of liposomes without genefic material)
Mitial level 354415 246x16 400+£32 51.4%+35 19.6+2.1 29.0%x I.Q
i35 346417 250*x14 41429 50.7+4.1 21.0+24 28316
24 35.1+2.1 247x1.8 40.2+25 51.1=37 198+21 29.1+14
4% 36.0x1.8 258+15 207+24 29.0%1.3
Gene implantation
Milial fevel 332+18 267+19 40.1x28 523x20 21.0=1.6 20.7x21
[} 33.54+1.2 20015 465+23 53.0x34 22.1+34 429=x21
24 336=x1.7 19.1+1.3 473+21 5]16=x3.1 23.0x=1.4 25.4}12.7
43 327+13 223+12 450%x23 47.4*3.1 200x1.6 326=*2.1

Neie. 18, 24, 48 — time in h after gene implantation.
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A level of expression depends on the peculiarities of the cons
recombinant DNA containing human gene apoAl (Pstl fragmient;
additional regulatory elements. So, we cannot show the expression of oo
ne in plasmid pUCI8apo and pUCI8apo’ because of either a very lowa
level of the gene expression with a fragment of its own promoler into
the composition of molecular structures (below the sensitivity of the de-
tection method) or impossibility of the expression duc to lmuo spectii
cily of its regulation that is more probable. A fragment of 3" nontransia-
ted region of human gene apoAl (—256-41, fig. 17) performmg a func:
tion of a liver enhancer in the natural nucleotide surrounding of the gone
is absent in composition of molecular construction. [t is supporied hv T
fact that implantation of human gene apoA! in the molecular consiric-
fion willl human alu-repetilion into the animals results in the casily-tesicd
human prolein in the blood of experimenial animals though these com-
structions sliehtly differ by a level of {he gene expression in ihe culfs
re. Mcechanisms of changes in certain physiological parameters in the
Mood of model animals (Chs-HDLP, HDLP) registered in this case neod
erthier investication. However comparison of the absolute vaiues of
iliese deviations with a corresponding level in control animals (liposotites
without implanied gene) permits a supposition that it is connectled with
an cxpression of the implanted human gene apoAl. Dala obtained aitei
implaniation of DNA pUCI8apo and pUCI8apo’ to the rabbits suppoms
the ahove supposition, i. e. implantation of the gene in the construction
thal docs not provide a certain level of its expression does not iead te
changes of lipid characteristics in the organism. Helerogeneons chanpes
observed in the organism of animals during injection of exproessing voo
‘u).‘ inclecnles may be allributed to individual variabilily of the @uimsl:
fo the given gene as well as in previous cxperiments with other gens
The oblained data on the expression of human gence apoA/l al a i
vel of intact model animals show that a physiological effect of the pro

1

{ein scerction after the cene implantation is short-lermn with subsogiend
damping. Therefore long-term experiments {o simulaie physiological pi-
cesses proceeding in the organism require fundamentally new approacii:
for construction of the vector molecules. As is known, implantation of the
given gene in the reirovector is a usual methodical solution. Tloweve:
retrovectors cause certain misgivings. The use of enkarvolic ARS-sequon-
ce of DNA may be an allernative, to our mind.

To verify a possibility of this approach in principte we subceloiie pre-
viously cloned EcoR[ fragment of maize genone DNA Ihm AISEETA
ARS-function in S. cerevisiae [39] and V. labacwm [60]. The recondd
nant plasmid is enlitled pAAA (apo-alu-ARS). ARS is alxsn e i
plant that is evolutionary very far from melmmals with the aim 16 avad,
if possible, recombination events because ol homology.

Abilily of this molecular construction to be preserved in the cell onl-
ture is estimated by delermining {ransiormation irequency of cumiper i
E. coli cells of plasmid DNA isolaled from cell cullure in certain perjost.
of time after transfection (table 8) and hy hybridization analyvsis of (h
same plasmid DNA. DNA pUC7& or human gene apoA/ are used as a
probe. Analogous operations hut without implantation of plasmid DNA
are pvrformed with control cells.

The obtained data testify that plasimid pAAA with maize ARS-scquen
ce in a series of recombinant molecules containing human gene cpod/ i
best of all preserved in the cell cullure. In this case we observe a smoofh
descending of the number of E. coli {ransiormation. If to suppose (o
this phenomenon is resulted from the replication of plasmid DNA in ihe
cel] culture then a decrease of the number of {ransformants in tine e
e attributed to a negalive balance of the rgplica tion process and hiode-
gradation of the implanted genetic material. A character of changes m
1he X-ray film exposure mtenblty under hybridization analysis is anzloos-
us to the data obtained by comparison of transformation frequencies «i
different plasmids isolated after transfection of mouse fibroblasts.
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Laia obtained after passage of transfected motise fibroblasts on se-
rion-free medivm may serve as an indirect substantiation of at leasi abi-
lily of DNA pAAA to preserve better after Ltk— transfection. Their abi-
lity to cultivation decreases in the order the plasimids are presented in
fig. 9, i, c. cells with implanied pUCI8apo (weakly sccreting apoAl) die
faster than the cells with implanted pALlapo while these in their turn
die faster than those with implanted DNA pAAA. We may suppose that
since apoAl is a cofactor of the enzyme lecitin: cholesterin: acyliransfe-
rasc that is significant for chulesterin mectabolisin in a cell then under
conditions of deficiency (serum-free diet) the ability to synthesize apoAf
hecontics jor a cell a critical faclor determining its survivability. There-
Jore those cells that synthesize more apoA! survive in the first turn, i. c.
ihe cells with implanted DNA pAA4A containing ARS sequence of DNA.

it is well known that diiferent kinds of laboratory animals differ in
their susceptibility to atherosclerosis. Rabbits belong to the group with
casily induced atherosclerotic pathology. In contrast to them there are
animals which practically do not suffer this disease. In this connection it
appears interesting lo study the effect of human gene apoA/! implanialion
o certain parameters of blood scrum in rats as representatives of the
population resistant to this disease [61].

Preliminary experiments have shown that implantation of human ge-
ne «poAf in plasmid pALIapo and pAAA makes it possible to test human
protein A7 reliably in 48 h in ral’s blood plasma only when using recom-
binant DNA containing ARS. Since there are no data testifying to a pro-
bable replication of pAAA we suggest analogously with the cell culture
ihat the given molecular construclion is belter preserved when implanted
to the animals, so we choose it for our further work. Blood for iesis is
taken on 2nd and 7th day after implantation of human gene apoAl. The
experiment is performed with 36 adult and 39 old animals.

DNA pAAA in a liposome is administered into the liver of aduft and
old rats. On the 2nd and 7th day the human protein apoAl is tested in
animals blood with simultaneous determination of certain lipid parame-
ters. Protein is detected on the second day. lts guantily in adulls is 8-10,
in old animals — 4-6 ug/ml. In seven days after gene implantation we do
not observe human protein apoA/l in the blood of both adult and old ani-
mals. tt is aliributed to the facl that either ARS-sequence of DNA in a
molecuiar construction is not effective enough for the given sysiem of
cells or irrespective of the plasmid better preserved in the organism there
proceeds a transitory expression of human gene apoA/ whose level (con-
sidering prolein clearance) docs not allow testing apoAl in 7 days. The
appearance of human apoAl in the blood serum is accompanied by a chan-
ge of concentrations of different types of LP, particularly HDLP, corre-
lations of HDLP. and HDLP; subclasses (table 9).

Table 8

A ferel of E.ocoli {ransformation by plasmids isvluted from transfected mouse
fibrisblasts of Ltk- line

Transformalion frequency of E. co/i plasmid

, DNA after transiection of fibroblasts
Transformation frequency

Plasmid of E. coli per i ug of
plasmid DNA

In 3 days In 5 days
2AAA (14x0.2)-10° 6514-19 455+ 18
pALtapo (2.1£0.3) -10° 215+ 14 5550
plICHsaps” (3.0x0.3)-10° 23016 6880
WIS (4.0x04)-10% 28017 73x90
Ceitra! -

Note For transfection of Ltk— we take 20 ug of plasmid DNA for one bottie of cells
{aboul 510 of cells). The quantity of grown E. coli transformanis are presented in
terms of all genetic material isclated Trom fibroblasts.
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On the second day after implantation of the cloned human gcne
apoAl one traces a tendency of the HDLP content increase in the hlood
serum of rais especially noticeable in old animals. The quantity of HDLP
increases in adult animals by 20 %, in old ones — by 30 %. Since HDLP
as well as other LP is determined by the protein quantity, so the obtained
data support a supposition that HDLP increases both al the account of
human apoA/ formation and by stimulation of rat’s own HDLP synthesis
due to implantation of human gene apoAl. A considerable increcase of
VHDLP in adults (by 36 %) and especially in old animals (by 52 %)
accounts in favour of the supposition on the effect of human gene apoAf
expression on LP synthesis in rat’s liver.

Implantation of apoAl gene leads not only to a fotal grewih of
HDLP in the blood of animals but also to a change in the content and
correlations of subclasses of the LP-HDLP; and HDLP,, these changes
being different in old and adult animals. Implantation of gene apoll
into the rat’s liver causes a considerable increase of HDLP; in old ani-
mals only (by 44 %), while the content of HDLP; grows almost similar-
ly both in old and adult rats (by 26 % and 24 %, respectively). As a re-
sult HDLP,/HDLP; ratio increases in old rats while in adult ones it
adult ones it falls (by 13.8 %).

As is known HDLP; is able to accept Chs from periphery cells and
to transform into HDLP in this case. HDLP, in its turn conveys the ex-
cess of Chs into the liver cells. Different changes in the content and sub-
fraction of HDLP under conditions of human gene apcAl implantation
both in adult and old animals testify to the age changes in cholesterin-
acceptor function of HDLP in the old age.

Implantation of human apoA! inlo rats changes not only the quan-
tity of HDLP but also their protein composition i{62]. Under conditions
of gene implantation one observes in adult and old animals a noticeable
tendency to an increase (by 18.2 and 30 %, respectively) of a relative
content in a subclass of apoAl in HDLP, (table 10). An increase in the
content of this subfraction is observed also in HDLPs; but only in old
animals.

Shifts in the protein composition of HDLP isolated from rat’s blood
are accompanied by the pronounced changes in their lipid composition
(table 11). The content of phospholipids and free Chs in HDLP isolaled
from the serum of old animals increases by 34 % and 69.5 %, respective-
ly. In this case we observe a distinct tendency to a decrease of Chs es-
ters content (by 184 9%). However a total content of Chs-HDLP is not
changed which testifies that there is no enhancement of the additional
synthesis of Chs under implantation of gene apoAl.

Changes in [ipid composition of HDLP under conditions of gene im-
plantation cause shifts of corresponding indices in subclasses of HDLP,
and HDLP; (table 11). In old rats under the human gene apoAl implan-
tation in HDLP. one observes a considerable growth (by 67.3 %) of the

Table 9
Effect of human gene apoAl implantation in a liver of intuct rats on conceniralion
o] fraction of lipoproteids and subclasses of HDLP in blood serum of different cge rats

6—8 months 26 —28 months
Lipoproteids, mg of
protein per 1 ml | . .
of blood Control Experiment Control Experiment
|

HIDLDP 0.152+0.040 0.616%0.024%* 0.517+0.026 0.672+0.032%%
[IBLP» 0.116+0.004 0.124 £0.006 0.124 =0.007 0.179 +£0.009**
HDLP; 0.397 +=0.035 0.491 £0.020** 0.393£0.020 0,454 2-0.033%*
LDLP 0.073x0.002 0.082+0.005 0.079=0.006 0.093=0.010
VILDLP 0.073+0.006 0.099 =0.004%* 0.102=0.010¥ 0.15540.050

* Siatistically significant differences between adult and old animals;, ** differences
between control and experiment (p<C0.05—0.01).
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content of phospholipids. A correlation between Chs fractions changes in
favour of free Chs (its quantity increases by 29 % whilc the content of
Chs esters decreases by 21.4 %). As a result an FChs/EChs ratio grows
considerably in old rats (by 60 %). Taking into account a considerable in-
crease of the protein mass of HDLP; one may assume that the outflow
of Chs from cells in HDLP, less enriched with Chs esters is enhanced in
old rats under conditions of gene implantation.

The obtained data testify that the implantation of human gene e¢poAl
into rat’s liver leads not only to an increase of HDLP in the blood of
tested animals (hyper-alfa-lipoproteidemy) in correlation of their subclas-
ses but also to a change of their protein and lipid composition. The re-
vealed shifts are more pronounced in old animals. This result proves most
unexpected. To give it an adequate interpretation one needs additional
studies. We may suppose as yet that the response of animals to the im-
planted key gene controlling the given processes differs greatly. Probab-
ly study fo the molecular fundamentals specifying such differences may
have an independent significance in the measures aimed at treating this
disease. It should be noted that implantation of human gene apoAI {0 ex-
perimenial animals along with changes registercd in the blood causc:
essential events in cells of other organs and tissues. One observes growtn
in the content and activity of cytochrome P-450 [63}. Its quantity grows
more considerably and intensively in adult animals than in old ones (by
54 and 46 %, respectively).

It may lestify in favour of the induction of the expression of genes
in the monooxvgenase system under these conditions. However it is not
incenseivable that such changes in the intensity of macrosomal oxidation
under conditicns of gene implantation may be a reaction on an increase
of the concentration of Chs coming inio the liver by means of HDLP.

Therefore implantation of human gene apoAl to rats results in the
expression on the implanted gene and the appearance of human aupoAdl
in the blood of experimental animals. It is accompanied by an increase
of FIDLP level cxpecially in the blood of old rats and of the content of
human apoAl in them. In old animals the quantity of apoA7 increase at

Tabice 10
Ejfect of human gene apoAl implantation into t(he liver of intact rafs on a protein
spectrum of high-density lipoproteids in rats of different age

Relation to the total optical density.
68 months 26—28 months
Protein m. m.-10®
HDLP, HDLP, HDLP, HDLP,

apol 12.5 — — — —

¢ 1 3 3

e t 17.6+1.3 1 3
apoAl

¢ 582+30 36.14+4.7 20.0x2.2 14.0+1.2

e 68.8+45 223+48 26.1+24 21023
Arginin-rich protein 35

¢ 25.3+3.0* 10.0£23 40.8+48 235x32

e 15.0+3.2 23.4+57 50.3+6.1 29.1=33
«poANTY 51

C 8.8+0.6 156920 30.1%£22 13421

e 81=+1.2 13.3+0.5 17.84:1.2% 152+25
apoAl 2

¢ 6110 19.043 8.0+27 422+25

e 83+19 200+49 9312 25.1-45*
High-molecular proteins 80

C 2 16.1+3.3 1 6.4=*1.1

e | 13.3+38 51+1.0 72=x13

* Slalistically significant differences in the experiment (e) as against coutrol (c¢)
(P << 0.05).
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the account of its growth in the subfraction of HDLP;. Other indices al-
so change.

Suniming up the data of this seclion one should distinguish the fol-
lowing principle moments in the whole complex of shifts alier implanta-
tion of human cloned gene apoA! to experimental animals. Firsl, these
are changes connected with synthesis of human apoAl gene and its ap-
pearance in the organism of experimental animals. Second, it is a com-
piex of genc regulatory shifls (growth of VLDLP content, change in the
correlation of apoproteins, change of the qualitative composition of 1.P).
Third, a generealized response of the cell (induction of the macrosomal
oxidation). Attention is engaged by the fact that synthesis of human
apoA1l in the organism of rats is more pronounced in adull animals whilc
gene-regulation shifls —mainly in old ones. Apparently il is connecled
willr the fact that the genome regulation in the ageing changes itself be-
ing a fundamental link in the ageing mechanisms [61]. Polentiality of
genc therapy to affect the ageing opens qualitatively new prospects for
treatment of what seems impossible — therapy of age pathologies. It ap-
pears interesting that implanting of a present gene for a corresponding
system that ensures expression makes it possible to obtain the effect of
enhancement of the processes which themselves do not promote develop-
ment of atherosclerosis in the given organism (rat). Such enhancement
leads, lo our mind, to eliminalion of cholesterin from a cell membrane,
thus hecoming more important as was previously assumed.

Thus implantation of gene A/ has resulled in the expected physiolo-
gical effect which is expressed in an increase of Al protein and in all
subsequent changes that are the conscquence of such increase. Now it
is necessary to find out a fundamental possibility of therapeutic effect
under the action of implanted gene A/, With this aim we use a commonly
accepted model of cholesterinemy in rabbits caused by fecding themm with
food rich in cholesierin. After cholesterin load one observes a sharp in-
crease of the cholesterin content in the blood plasma of rabbits which
then slowly decreases. Simultaneously the content of cholesterin grows
duc to high-density lipoproteids.

Tabic 11
Lifect of human gene apoAl implantation inlo the liver of inicct ruls on lipid
composition of HDLP and their subclusses in the blood serum of rufs of dijjerent age

HDLP HDLP, i HDLD,
Lipids.
mmol/me 1 .
i protein Control Experiment Control Experiment \ Contral Cxperinent
6—8 months

Phi 097008 0.82x0.06 1.03=x0.10 N45+005%* 1.52=0.11 1.61=0.10
T 284009 287x0.14 1.94+0.18 2054021 3510006 3.79:£0.306
s 0.58+0.03 0.50*x0039% 0.30=+0.04 (.23002 058 L0033 03300474
EChs 2.26=0.12 235009 210x0.13 1824020 290x0.19 3.08+0.32
Pl 'TChs 0.34=0.02 0.29=x=0.01 0.300.01 0224003 0.43x£0.02 0472004
Phl/FChs 195014 186021 2.40+0.30 192+034 287035 4.834-0.49
FChs 'EChs 020002 0.21=x002 0.14+0.02 0.1320.02 0.18=0.02 0.1130.03

26—28 months

Phl 0.63+0.04* 0.85+0.08** 090009 0.56+0.07%% 0.680.13% 1.13+0.15%*
TChs 3.4540.20% 322+0.14 2.58+029 278=0.30 491051 3944040
FChs 046006 0.78x0.06%% 0.36+005 0.40+003 0.42+0.05 0.55=0.03
EChs 209+026 244+0.14 2.65+027% 237+0.28 4.25+054* 3.38+0.39""

PiLt/TChs 0.18+0.02* 2.26+0.01%* 0.43x0.08 0.20*0.03** 0.22+0.05* 0.20+0.04
Pul/FChs 1.59=0.10% 1.62+0.21 2.30=*+025 149 +£0.16%% 1.6240.35% 2.05+£0.29
FChs/EChs  0.16+0.02 0.32x0.03** 0.15=0.02 0.17+0.01  0.10x001 016001

s

* Slatistically significant differences between adult and old animals;, ** differcnces
between control and experiment (p<0.05—0.01); Phl — phospholipids; TChs — total
chotesterin: FChs — free cholesterin; EChs —- esterified cholesierin.
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Fall of a total cholesterin is accompanied by a fall of the IIDLP cho-
lesterin content (fig. 21). ‘

Implantation of gene Al essentially changes the situation. A total
content of cholesterin in blood in a day aiter the end of the cholesterin
load proves much lower than in the control (i. e. in the variant with cho-
lesterin load but without implanted gene Al). At the same timce the

Ch=HDL
<, 0L i
o0y Y A 8
L Z TOTAL Ch 30 X
i L
Z 2 201
200} f * ¥it
1,0
2‘ o ~11DL * Ko s
Z :
/%‘ Ja] ol ;1o ’ < : b 2% CFE Ee |
D 2448 0 2448 D 2448 0 2448 n 24 42 2 24 48Frs

Fig. 21. FEffect of transformed human gene apoAl on developmeni ol hypercliolesteri-
nemy in rabbits (there and on the fig. 22* — statistically significant compared to the
initial level; ** — the same to cholesterol load)

Fig. 22. Effect of transformed human gene apoAl on atherogeny coeflicient in rabbits:
A — cholesterol load; B — the same after {ransfer of human apoAl gene)

content of cholesterin in HDLP increases several times. Moreover if
continues growing on the second day in contrast to the control when
it falls (fig. 21).

Atherogenic coefficient changes correspondingly: it grows in the con-
trol and falls in the experiment (fig. 22).

Thus implantation of gene A7 has led to a distinct therapeutic effect.

Discussion of the results. Along with anticipated results the expe-
riments have brought about additional data that prove not only unexpec-
ted but also demanding further explanations. The main integral result
consists in a fundamental possibility to influence the process underlying
mass pathologies by means of implantation of outside molecular construc-
tions with a corresponding gene. lHowever this general conclusion some-
how conceal the peculiarities specifying the process. Let us distinguish
and analyse them.

First that stands out is a low correlation of the results obtained in
the culture outside the organism and in the animals, i. ¢. on the organism
level. It has been expected this way or the other. However it should be
emphasized once again as applied to gene therapy of mass pathologies
Estimation of the recombinant plasmids for the absence of random muta-
tion (in a broad sense of the notion) defects in them which are possible
under assemblage of complex consiruction is real in the systems in vifro.
Another general estimation of the processes using cultures of cells such
as tissue-specificity of regulatory elements, effects of subsequent {rans-
fections etc. is also possible. Cell cultures are far and away helpful in
this regard. But further extrapolations with them on the organism are
not effective.

The next group of phenomena may be characterised as an ambiguily
of the expression of the recombinant molecules. It manifests in the fol-
towing. On the one hand different molecular constructions containing
one and the same gene under different promoter-enhancer systems cven
if they are not tissue-specific express differently in one and the same
cells. On the other hand one and the samec recombinant molecule (again
if its gene is under nontissue-specific promoter-enhancer system) is dif-
ferently expressed in cells of different tissues.
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Most likely it testifies to a conditionality of the term «nontissue-spe-
cificity» itself. Such nonspecificity is only of a qualitative character —
the expression in all types of cells. Quantitative characteristics of the
expression are nevertheless tissue-specific — in some {issues the expression
is higher, in some — lower.

Then there follows a group of phenomena {hat may be called biolo-
gical helerogeneity of the expression.

As is staled above there is always a high degrec of heterogencity in
cells by the expression of the implanted gene in differeni cells of one
tvpe {(for example hepatocytes) in onc organ (liver in this case) in onc
speciment (particular experimental animal under one population of iden-
tical recoinbinant molecules). Special studies have shown ihat at lcast
for the liver such heterogeneity is not connected with a nonuniform
distribution of the implanted material. In some dozen seconds it
spreads uniformly over the organ. Moreover, the material from different
liver sections has the same spread of expression as in the place of
injection.

Finally, even in the cultures of cclls where the population is maxi-
mally levealed off both by the fussion stage and spatially (monolayer)
one observes the same heterogeneity of the expression in principle.

Therefore we have to admit the presence of the individual cell hete-
rogencity in the quantitative characleristics of the expression of the gene
implanted from outside both in the culture and (which is more important)
in the organism. But heterogeneily by this criterion takes placc in {he
organism also — a quantitative characteristics of the expression of the
gene implanted to differenl organisms (one species and one litie) are al-
so different. It is here very essenfial that the character of the celi hete-
rogeneity, i. e. distribution curves (see section I[I) are difierent in dif-
ferenl individuals. So, along with a cell heilcrogeneily we observe also
an individual organism heterowen@t\ with regard {o lhe expression of
the gene 1mplanted from outside.

The phenomenon in question seems to be exhausted by these two ty-
pes of heterogencities. But the realily proves much broader. Age varia-
bility in the level of expression is demonstrated above. In its pure i,
i. ¢. as an expression of only one implanted gene it decreases with age
(though individual types of spreading are present) Analysis of the chan-
ges in different metabolic chains induced by the 1mplantauon of one ,\o\
genc has shown thal there are processes which are more enhanced in {he

old organism than in the young one.

That is why it is so necessary to take inlo account the age hetcro-
geneily by the same criterion — cxpression of the implanted gene and
processes associated with it. Besides experimentally established typus of
heterogencily one may predict (postulate) the fourth {ype of heferogenei-
tv. It is specified by a physiological state of the organism. Duc to this
wpe of 110'0100(‘ 1eity a responsc of one and the same organism in one
and the same age wili change depending on iis state — stage in the de-
velopment of the main disease, the prescice of accompauying patholo-
oles, stress, nervous breakdown ete.

Biological heterozeneity is, apparently, underlain by two phomnm.n
First, inis is difierent compeicnce of dificre ni cetils. \\ a result recombi-
nani moiecules pencirate riot in ail cells bul i peiuetrate then in diffe-
reni quantitics. Second, in dificrent cclis even if the nomber of pencira-
ted 1'cc0[r11‘.innnt motecules js the szme it is hardly possible fo evpect
their siimilar expression. It is well kiiowit that aay organism’s own cione
is somewhal different by the level of its expression. Different cells display
different total level in svnthesis of DNA, pm‘eiﬂ ele. The existing diffe-
rences whollv depend on the staie of the cells. But the slate of the cells
will be inevitably afiected by the state of the orgamsm, its individual
peculiarities, age ete. State of the cells will affect their competence. All
these factors specify biological heterogeneity of the eypression under m-
ptantation of recombinant molecules in wivo,
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All the above staied evidence for the nccessity to individuaiize genc
therapy of mass pathelogies. Biological heterogeneity this way or the
other should be taken into account under classical hereditary dixcases.
Biological heterogeneity in view of many inetabolic chains that are being
envolved into the process prove damaged becomes defining in jnany res-
pects. So, it demands development of special methods for estimation of
such heterogeneity and subsequent treatment with regard for the testing
results. Each man prefers bis own molecular construction optimal for
him only though it may have one and ithe same key gene. Different im-
plantation sysiems arc necessary for diiferent people. The quantity of
reconthinant molecules jor different people are also diiferent. o

Individualization of gene therapy is a new problem not yet sialed.
The sooner its development will start the better.

A sysiem of gene implantation should be treated with great carc
If the gene is implanted only once it will be modified by the above sia-
ted phenomena. However gene therapy of mass pathologies will require
frequently (if not in most cases) repcated implantations [1, 64]. In this
case one may expect surprises. As it was stated above even under lran-
sitory expression (determined by ihe vector consiruclion) under repeaied
gene implantation one may expect not wave but additive effect. Though
such situation is observed only in cell cultures, but two momenis of the
experiments suggest the idea that this is possible in the organism.

First, repeated implantation of gene has also revealed a biological
helerogencity not on the distribution curve but at a level of diiferent
subpopulalions.

Seccnd, this effect is observed only when the cultures are implanted
under hali-selective conditions, but these are peculiarities of their physi-
cal state. Possibly, in some individuals due to their specific physiologi-
cal state this situation may arise in the organism. Further expcriments
will permit refining this supposition.

The idea of a «key» gene that should exist even in diseases envolving
different physiological, biochemical and molecular processes and thus
not scveral genes bul numerous gene ensembles is a fundamental ele-
ment of gene therapy of mass pathologies and it should be practicaliy
cen{irmea.

Strictly speaking, cven under classically monogenic discascs a de-
fect of only one gene inevitably causes disturbances of many physiologi-
cal, biochemical and molecular processes and, thus functioning i gene
enscinhles that is generally accepted. It is enough to see wiiat is going
on in the organism under tellasemy, classical heredilary diabetes, hyper-
chelesteremy specified by the defect of either structural or regulatory zo-
ne ol gene apoAl, ete. In this case a key role of one gene in the distur-
hances involving the whole organism is cvident. But in case we do not
know lthat atherosclerosis is causced by the defect of gene apodl its role
seems to us dubious. Then it is obligatory to find a really defected gene
and alfribute cverything fo it. But it would be valid only if the processes
in the organism are independent. But they are not only dependent but
also ranged by a degree of defect compensation. Something may compen-
sate only iiseli, something -— the whole process, and something all its
chicrarciiy» of processes. Otherwise organism cannot exist-defect of any
vene would lead lo ils death. So the main problem is reduced to finding
ol such key gene which would compensate its hierarchy of the processes.
For 1DDM it is insulin gene (cven if it is not genetically damaged under
IDDMy; for atherosclerosis it is AJ though not in all cases of this patho-
logy. Development of gene therapy of mass pathologies will undoubtedly
cive rise 1o studies on finding «key» gene for this disease.

Analysis of the above described gene apodf 1mplantaiion has reve-
aled an obvious quantitaiive discrepancy of the human protein A/ synthe-
sized in the animal’s organism and the response of other meiabolic cha-
ins on it. This discrepancy is most evident if to compare the quantity of
the tested human AJ protein and an increase of the quantity of lipoprote-
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ids containing a total protein Al in experimental animals with regard
to control. The content of protein A/ in rabbits (on the example of Japa-
neese white rabbit) amounts to about 37 mg per i kg of the animal’s
weight [65], while synthesis of human A/ after implantation of a corres-
ponding gene amounts to wiities of ug per 1 ml of biood, i. ¢. is | me
per 1 kg of the animals weight. It is less than 3 % of animal’s own pro-
tein. Incrcase of lipoprofcids containing protein A7 is soine <ozl
percents.

A simple extrapolation of a level of A/ synthesis on the Lasc of tle
implanted gene on all the processes caused by this synihesis cannot «x-
plain the situation. Iowever medicine has accumulated much information
about discrepancies of this type. In view of ithe evident effect indrced
by administration of ATP, cocarboxylase, phospholipids («lipesia-
bil», «esseniiale» drugs, ctc.) the quantity of the administered prepare
tions is only thousandth fractions of the quantity always normally pre-
sent in the patient’s organism. And clearance of such preparations is ouly
some minutes. Dose disperancy cannot be adequately cxplained by fer-
mation of some specially active biological derivatives from the adinini-
stercd preparations. Since the quanlity of the same products of crgu-
nism’s own origin is hundreds (and even thousands iimes) more thau
the administered ones, so a corresponding quantity of derivatives forms
in this case. Evidently there should exist some additional explanation.
Here we may admit a new type of regulation. The regulation that acco-
unts for almost all effective events in the organism is hased on the prin-
ciples of the fcedback with an oposite sign. If the quantily of the pro
ducts increases the regulation decreases its synthesis, ilie quantiiy fal!s
the synthesis is enhanced. For the most of proteins there is a base o
stitutive synthesis that is permanent and is not subject to regulation. |
is likely to be valid for metabolic processes. But the organism is the must
complex tangle of correlating processes and their disturbance is @ no-
werful destructive factor for the organism [66]. Fluctuations botir ouisi-
de and inside the organism cannot but lead to temporal change of tiwse
or other processes. All this causes a quantitative dishalance — a discre-
pancy of mass and energy flows betwecen melabolic chains. The firet si
ge for compensation of such disbalance is well known: it is reverse -
me capacities. A part of cnzymes is in its nonactive state and eliminates
a dishalance of mass and energy flows either at lhe accounti of confor-
mation transitions (instant response to dishalance) or at the account of
modifications: methylation-dimethylation, phosphorylation-dephosphory-
lation etc. (fast response to disbalance). If the constitutive synthesis was
really constitutive (i. e. permanent as a constant) then any reversc ca-
pacities of the enzymes would fall into disbalance too. In this casc lhere
must be a system reserving them in necessary guantities, lhe sysicin fhat
cannot be regulated since the bulk of genes practice a constitulive sin-
thesis. The constitutive synthesis is dctermined as the one that cannot
react on the changes in the organism. So, there should be a regilation
of the constitutive expression. This regulation must be very prompl and
necessarily a complex one. It may be called a regulation by stabilization
«from the achieved». Variations of the synthesis from any constitulive
promoter are possible and really take place within certain limits. Control
of the cxpression cannot be limited presently by only one promoter {even
in genes of constitutive synthesis). There are always other sequences ii-
volved into the control of the expression. Balancing of metlabolic chains
being constantly changed under the action of internal and external di-
sturbances may be realized by the regulation of their stabilization by the
central (most essential, dangerous etc.) process. This will be a regulation
«from the achieved». Let us make an example. As a result of any distur-
bance but within the regulation there changes the content of protein A/
(even locally in the liver). This change causes either increase or decre-
ase of the quantity of expressed (i. e. open for recognition) receptors
(for Al, HDLP, choleslerin or some other that is not significant for the

oy
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regulation «irour the achieved»). Such chaiiges does not reguire new
synthesis. 1t will he also regulaied by the same mechanism «irom the
achieved». But it is a long process while ready molecules of the recepior
are reserved in the membrane. Depending on A7 {IIDLP, cholesterin ¢ton
their quantity is simply redistributed. Closed (submerged) 1::-0Ic;iiiu
transfer into an open stale accessible for the reception or \‘r(» VETS?
IHere is also a feedback but with a similar sign. The more is 4/ (HD
cholesterin eic.) the more are the receptors {the reserved ones have hanc
fered from the submerged into the open \1'!19) The less is A/ (HDLP,
cholesterin efc.} the less is the quantity cf open receptors (part of them
is submerged inia tlic membrane). But this proness cannot be continvous
since the quantity of receptors is limited =0 the range of the respense
«from the achicveds is also limited. Reu}pm‘s as cormected with their
figands sustain cxpression of the genes in wany fundamentally connected
metabolic chairs<. So the synthesis of protcins from the associatzed pro-
cesses should be oriented on the main, essential, dangerous efc. metabotic
process. Enhancirtyy of the process enhances the rest. Its weakening in-
duces the same veaction. The process itscli should be kept at a level
«from the achicved». It makes the system stable. Otherwise the system
will go wrack because of frequent oscillations. A range of the posiiive
responsc (i. e. the whole molecular machine — a reorulatory region of
genes, receptors and their exposure, a signal from the receptors to the
regulatory zonc, a ligand recognized by the veceplor an so on) will be
this very range oi the norm within which cach cell of the organism is
able to resist adequately and correspondingly to variations of oufer and
inner character.

In this varian! small amounts (with rcegard to the available in ike
organism) of either administered or locally synihesized producl may exert
an adequafe reaction if they come to the reception system. The reception
system allows for an i{ucreasc of the product syuthesis in responsc to the
appearance of the sanic product with simultaneous enhancement of other
metabolic processcs connected with it. Bui this level will exisl till the
next compensation and then the system wiil beccme stable on a fevel
«from the achieved» eic.

Further siitdics will show il the supposition is valid.

Regulation ol the cxpression is a principle moment for the pene the-
rapv of mass pathologies. It is solved by wsing constitulive promoter-
enhancer systern {frequentiy, nontissue-speciiic). But it is not a regulated
expression. It fo clarify the types of regulation in its usual sense and
in view of the gene therapy one may single out the following three priri-
ciples: | — «as called for»; 2 — «as required»; 3 — «at will».

The first one means that the regulation is expecting ils time. For

example under emheyoreny these or other griups ol cene ocome into ac-
tion al ernatingly 0 1n~ course of the development,

The second priacipie is a usual adapllw regulction. 't means a re
ponse to some aehici.

The third type is the use of the potentialitics hidden in ihe sceond
principles for the tasks of gene thcram DPlacing the required gene under
the regulatory sequence induced by the hoenone or heavy metal we may
willingly agtmiize ilts expression by introducine the inductor. It is a wi-
dcspread model in the experiments on cell cultures and laboratory ani-
mals. But in its preseni form it is not suitable for people since we canmot
intoxicale organism with heavy metals or destroy it with hormones ic:
the sake of {reatment. In due course there will be created systems for ac-
tualization of geies «at will» applicable for human. Without going inio
particulars we niay slale that such works are in progress though on ceil
cultures so far. 131t for the time being therc remains a constitutive syu-
{hesis with the regulation «from the achieved» (in case future works con-
firm it).

Ciassical herveditary diseases are on this case in more favourable
conditicns. There st lzast it is enough to lmplant gene with its own re-

7]
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gulatory region. The rest of the organizm as genetically sound will ac-
cept it as a missing iink of a singic whole.

Finally it is very importanl and in fulure even sirategic lo demonsira-
te ivndamentai poteulialities of gene therapy for age 1)u‘lh<)l<)gics. The
opened prospecls to eliminate the grounds of the pdlllolwr) the ageing
organism needs further aualysis that s 10 he Hods wnusual i s
case ihat gene implantation clintinates {he ¢, hal iz a conscquonce
of the ageing and thus is incurable in priy since the ageing is ine-
vitable, irreversible, natural and enlropy uO'Idlt‘()l’le process \\1t11 the
only onc way — to the betier world.

Against this background one tries to demonstraie a fundamentai po-
tentialily {o parry the age pathology. Net the ageing on the whole hut
only one pathology. Bul even this chance makes the whole situation un-
steady. If it is possible lo restore cnly one furnction by gene therapy then
why ncl two or ten? And in the long run a man has about as few as fii-
ty thousand structural genes that is nol so many. However not cverything
is so simple here. Only a detailed analysis and further experiments will
unswer the questions stated by potentialities of gene therapy of mass
pathologies.

These are brief resulls of the performed studies. As il is always with
the new - - the works rather state new problens then solve the old ones
but gene therapy of mass pathologies is on the agenda now demanding
not only aflention.

Pe . wmoe Onncano gomMngere A020iaXKeHb, S Ao2G04R¢ mposing nastx siy i1ed
10 EKCHCPHMEHTAJDLHOTO BHPIUeHs IPHRILHIOBOT MOKANLGLTE refuiol Tepanil mMacoBux na-
TONOr, 11a APHKAaal fHCYIH32A@KHOrO LYKPOBOro jAialery Ta arepocKiepnsy.

3pobaeHo RoBGip Ta adaui3 DCCYJSsITOPHUX eJeMenTiE, skl JAO3BOAAIOTL 3AIfCHIOBATI
CKCHPECilo eK30TCIMIHX TEHIB He3ajcuia nif crany sarassuol waitwunol peryaaunii. Ha
KAiTHnax pisHRX TKaHMH Ta Oprauizmis, 2 TAKOXK {1 U/L0 TOKa3aHO eKkcupeciio reincTH-
HOTO MaTteniany, Wo BBOAUTLCS (Wi MOAeNbHOTO reHa GaxTopiananiol B-rataxTozsiasy, Tak
i renin tucvaisy 14 anoaimonporelny nucorol miibHocti A7, 9Ki M310Th BIMHOUICUHA JIO BR-
LleIAA2UIN MATOA0TiH).

Biasnaueno uenpasoMipeicTs excrpanosfiuii  pesyabTaTiB,  OTPHMANIX B KyJbTypi
KAITHH, 112 TBAPHH; M[OK&32HO HEOAHOIHAYHICTL CGKCIpecii PexoMBIHaNTHIIX MOASKYA 3i-
J€XKHO BiZ FeHHOIO OTOYEHHS [ THNY KJAITHH-PEUHNieHTIB. HKx B KyJnTvpl Kaivwn, Tiw 1
OprauisMoBi BHABJICHO IHAUBIAYAABHO-KJITHHHY TCETEPOUEHHICTh KIBKICHHX XAPaKTCPHCTHK
cKCnpeci! BREACHOTO 330BHi reda, KpiM Toro, BiZ3HAueno (AHBLAY A/ (LLO-QDPIAinoBy Td
BIKOBY reTeporednicTbh ekcnpecii ekiorewnol indopmarii.

3pohaeno BUCHOBOK HPO HeoOGXiguicrs imauBidyasizauil rempoi Tepanil Macosky ma-
TOHOR.
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