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C nenpro uaeHTUGUKALMKA BUpyca ObUIa TIPOBe-
nena [P - nuarHocTuka Marepuasna U3 IEPBUKAIb-
HOr0 KaHajla U ypeTpbl. B mepBoil U BTOpo# rpymnmne
MAIMeHTOK HalIM4he BUpPYyca MaNMUIOMBI YeIOBEKa
BBICOKOTO OHKOT@HHOTO pHCKa OBUIO BBIABICHO B
34,4% u 56,2% ciydaeB, cootBercTBeHHO. BITY Hu3-
KOO0 OHKOT'€HHOTo pHcKa ObLT BBIsBIEH B 23,5% u
37,7% ciydaes, Kak B IIEPBOMH, Tak U BO BTOPOIl rpyn-
max. B 17,5°/0 wuccnenosanmii BeigBiensl - Cl.
Trachomatis, B 11,4%- Micoplasma urealitikum.

BreI0op TakTHKM JIGYCHHS 3aBUCEN OT pe3yJibTa-
TOB OOCIICIOBaHMS, XapaKTepa U JIOKAIN3alUHU Taui-
JIOMaBUPYCHBIX 0YaroB.

Bce mammeHTKH moiydann KOMOWHHpPOBaHHAsS
Teparuio, KOTopas BKJIIOYana B ceOsS IMPOTHBOBHPYC-
HYI0 ¥ UMMYHOMOIYJIHPYIOIIYIO TEpamus B COYETa-
HUM C CUMIOTOMAaTH4eckod Tepanueil. Pe3ynbraTsl
MIPOBEICHHOHN Tepanuy OICHUBAIHN HE paHee, 9eM ue-
pe3 3-4 mecsa.

Db HekTUBHOCT, KOMOWHUPOBAHHOTO JICUCHUS B
1 rpynne coctaBnsno 86%, Bo 2 -56%, mo pe3yibra-
TaM KOHTPOJILHOTO ITUTOJOTHYECKOTO HCCIIEOBaHMUS.
VY 44% sxenmun 2-oit rpymmel CIN |l crenenu moa-
TBep)KAajlachk depe3 3 Mecsna Iocie MPOBEISHHOTO
JICUCHUISL.

[Ipu nposepenuu P — aguarHoctuku, mocie
nedyenus BITY BBICOKOTO OHKOr€HHOTro pucka B 1-i
rpymnmne BbIBIsAACA B 29,8% M HU3KOTO OHKOTE€HHOI'O
pucka B 20,5%. Bo 2-i1 rpynne BITY HH3KOro OHKO-
TeHHOT'O pHCKa BbIsBIIEH B 18,2%, U BBICOKOTO OHKO-
TeHHOTo pucka B 24,8%

BeiBoawl: 1. I[IpomomxurensHoe WHGUIIEPOBA-
ure BITY, 0coOeHHO €ro BEICOKOOHKOI'€HHBIMM THIIA-
MU, IPUMEHEHNE KOMOWHUPOBAHHBIX OPabHBIX KOH-
TpaIeNTUBOB B TEUEHHUE JIUTENBHOTO MEpHoja Bpe-
MEHH, HAayalo paHHEW ITOJIOBOM JKWU3HHU, HaJIHYHC
MHUKCT - WH(EKIUH, TOPMOHANBHBIA IucOanaHc,
HallM4re BpPEOHBIX NPUBBIUCK, a WMEHHO KYpCHHS,
MOJKET CTaTh MPUIMHOHN Pa3sBUTHS IEPBUKAIBHON WH-
TPa’IUTEINATBHON HEOIDTa3MH U paKka MEHKU MaTKH.

2 IIpu wammauu CIN I, 11, ocobenno accouuupo-
BaHHBIX ¢ BIIY, HeoOX0oAMMO HPUMEHSATH IIUPOKHUIM
CIEKTP METOJIOB AMArHOCTUKH. KOTOpPHIN BKIIIOUAET:

KIMHHUKO - BU3YAJIBHBIH METOJ, PACIIMPEHHYIO KOJb-
TIOCKOITAIO, ITUTOJIOTHYECKoe wucciemoBanue, IILIP
JQUAarHOCTHKY, OMOIICHIO MIEHKW MAaTKU II0 MOKa3aHH-
SIM.

3. AnexBaTHasE UMMYHOMOIYJIHPYIOIIAs TEPaIus
IpenapaTaMi UMMYHOMOIYIISITOPOB C TIPOTHBOBHPYC-
HOHM aKTHBHOCTBIO, CUMIITOMAaTHYECKasi Tepamnus CIo-
coOcTByeT anuMuHanuu BUpHoHOB u perpeccy CIN |
a pu CIN |l B xommIiekce ¢ IECTPYKTHBHO - XHPYP-
THYECKOW Tepamueil moBblmaetes 3(QdeKTuBHOCTH
JICUECHHUS.
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ABSTRACT.

Matrix metalloproteinases are a group of proteolytic enzymes that are important for the maintenance of skin

homeostasis. The aim of this paper was to design and clone the sequence encoding scrambled small-hairpin RNA
(shRNA) that can be used as a negative control in silencing the gene of human gelatinase B. Alternative se-
quences of shRNA were compared using the online tools "Blastn”, "Oligo Calc" and "Palindromic sequences
finder". Double stranded DNA encoding the selected sShRNA was obtained by annealing of two complementary
single stranded oligonucleotides. Commercial T4 DNA ligase and restriction endonucleases BamH1 and EcoRI
were used to clone the annealed oligonucleotide into the expression vector pGPV-17019250. Thus, we designed
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scrambled shRNA that can be used as a counterpart of specific ShRNA in silencing the gene of human gelatinase
B and obtained the expression vector pGPV-17019250-KGB for its expression in cultured human cells.
Key words: human gelatinase B, cloning, vector, scrambled shRNA, psoriasis.

Introduction

Matrix metalloproteinases (MMPs) are a group of
zinc-containing, calcium-dependent endopeptidases
[6]. Their physiological role is unique due to their
broad substrate specificity. Particularly, MMPs are
capable of processing the proteins of extracellular
matrix (ECM), activating growth factors and proen-
zymes, as well as the specific receptors located on the
cellular membrane.

In psoriasis, MMPs contribute to remodeling of
skin and dermal microcapillaries [6]. MMPs secretion
by immune cells let them penetrate the blood vessels
and invade the inflamed skin. Moreover, high expres-
sion of gelatinase B (MMP9) in lesional skin of psori-
asis patients correlates with disease severity [8]. In
this respect, controlling MMPs expression in diseased
cells may have a clinical value and be beneficial for
psoriasis patients. Presumably, at least two standard
approaches could be used to control MMPs activity.
Firstly, MMPs could be inhibited by specific inhibi-
tors. Secondly, MMPs biosynthesis on ribosomes
could be suppressed by small interfering RNAs (siR-
NAs) capable of destroying the MMPs-specific
MRNAs. The aim of this study was to obtain a vector
that would express scrambled shRNA. In perspective,
this scrambled shRNA could be used as a counterpart
of the specific ShRNA directed to human gelatinase B

[4].
Materials and methods

To design of shRNA, the sequence of previously
designed GB siRNA [4] was transformed into two
different sequences of scrambled siRNAs using
"siRNA Wizard Software" (InvivoGen, USA) and
"Sequence Scramble" (GenScript, USA) online tools.
"Blastn” (NCBI, USA) was used to verify whether the
obtained siRNAs do not interact with known human
MRNAs. The online application "Oligo Calc" (North-
western University, USA) was used to check whether
the candidate siRNAs form thermodynamically stable
elements of secondary structure, such as internal
dimmers and pins. The online tool "Palindromic se-
quences finder" (BioPHP, USA) was used to identify
palindromes. Finally, the online application "siRNA
Wizard Software" (InvivoGen) was used to convert
the sequences of siRNAs to the sequences encoding
shRNA.

The DNA concentration was assessed using
Qubit fluorometer v1.37 and Qubit dSDNA BR assay
kit (Thermo Fisher Scientific, USA) according to the
manufacturer's instructions.

To clone the sequence encoding the desired
SshRNA into the expression vector pGPV-17019250
(Evrogen, Russia), the vector (1 ug) was exposed to
BamH1 and EcoRI restriction endonucleases (1U
each) in the commercial buffer R (Thermo Fisher Sci-
entific, USA) for 2h at 37°C. To avoid inhibition of
the enzymes, their total volume did not exceed 10% of
the reaction mix. Then, the restriction endonucleases
were thermoinactivated (20 min; 80°C) and the ob-

tained DNA fragments were separated by electropho-
resis in 1% agarose gel.

DNA Electrophoresis was performed in agarose
gel. The gel contained 1% agarose, TAE buffer
(40mM TRIS, 20 mM acetic acid, 1 mM EDTA,
pH 7.6) and 0.5 pg/mL of ethidium bromide. The
samples were prepared in the loading buffer (0.04%
bromophenol blue, 10% sucrose and 60 mM EDTA,
pH 8.0) to increase their weight and help them to sink
into the wells. Moreover, bromophenol blue was used
as a reference dye. The electrophoresis was performed
at 80 - 125V (3.2 - 5.0 V/cm between electrodes) un-
til bromophenol blue has migrated 2/3 the length of
the gel.

To purify a desired DNA fragment from agarose
gel, a piece of the gel containing the DNA was cut
with a sharp razor blade and transferred into a water
solution using "glass milk". Briefly, a piece of gel was
incubated in 6M KJ at 55°C until dissolved (5 -
10 min). The DNA was precipitated on "glass milk"
(6,000 rpm, 1 min), washed for three times in "new
washing buffer" (100 mM NaCl, 1ImM EDTA, 10 mM
TRIS-HCI, 50% ethanol, pH 7.5) and eluted in a small
volume of bidistilled water (2 x 15 plL).

To anneal two complementary single stranded
DNA oligonucleotides, they were dissolved in 10 uL
of annealing buffer (10°mM TRIS, 50°mM NacCl,
1°mM EDTA, pH°8.0), heated in a 1 L water bath
(95-98°C; 2 min) and gradually cooled down in hot
water to room temperature (~30 min).

The mentioned above double stranded oligonu-
cleotide and electrophoretically purified DNA frag-
ment were ligated to each other in an ice bath in the
ratio 10:1 using 7.5 U of T4 DNA ligase (Thermo
Fisher Scientific) per 1 ug of DNA for 16-18 h, ac-
cording to the previously optimized protocol [4]. After
the ice had melted, the water bath was placed on a lab
desk for couple of hours that the temperature could
reach 20-22°C.

To obtain competent cells, a portion of E. coli
suspension (60 pL) was diluted in 6 mL of LB medi-
um, containing tetracycline (12.5 pg/mL) and incubat-
ed on a shaker for 1h (37°C, 160 rpm). The tube was
kept on ice for 10 min and then, the bacteria were pre-
cipitated by centrifugation (6,000 rpm, 5 min, 4°C).
After discarding the supernatant, the pellet was gently
resuspended in 0.1 M CaCl, (350 uL) and kept on ice
for another 40 min. Then, the bacteria were centrifu-
gated again (12,500 rpm, 30 s, 4°C) resuspended in a
fresh portion of CaCl, (150 uL) and split equally be-
tween three tubes.

To transform E. coli, an aliquot of ligation mix
(10 pL) or plasmid DNA (1 pL) was added to the
competent cells (50 uL). The obtained suspension was
kept on ice for 30 min. Then, the suspension was
placed in a thermoblock (42°C) for 2 min and returned
to ice for 5 min. The transformed bacteria were resus-
pended in LB (1 mL) and incubated at 37°C for 1h
without shaking. The obtained E. coli suspensions
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were seeded on LB-agar solid medium containing
ampicillin (100 pg/mL) and kept overnight at 37°C.

The plasmid DNA was purified using Plasmid
Miniprep kit ("Evrogen", Russia) according to the
instructions provided by the manufacturer. To verify
whether the purified plasmid contained the sites sus-
ceptible to the restriction endonucleases BamH1 and
EcoRl, the plasmid DNA was treated with the named
enzymes and the obtained DNA fragments were sepa-
rated electrophoretically as described above. To con-
firm that the plasmids contained the cloned sequence,
aliquots of plasmid DNA (10 ng) were amplified with
the specific primers EXT-F: 5'-ACG TGA AAT GTC
TTT GGA TTT GGG-3' and EXT-R 5-CAG AGA
GAC CCA GTA GAA GCA-3'. After DNA amplifica-
tion was completed, the PCR products were separated
electrophoretically in 2% agarose gel. To verify
whether the desired DNA sequence was free of muta-
tions, one of the DNA samples was sequenced in a
local "Evrogen" service center.

Results

To select the sequence that would imitate the

binding motif in the molecule of scrambled shRNA

we used the sequence 5'-CAG TTT CCA TTC ATC
TTC CAA-3'. This sequence is the binding motif of
shRNA directed to GB that we previously cloned into
the vector pGPV-17019250 [4]. Using the online ser-
vices that belong to GenScript and InvivoGen, we
obtained two candidate sequences (Table 1) and com-
pared their properties. First, we analyzed their compo-
sition, and calculated how many individual nucleo-
tides of each type the named sequences contained. We
also verified whether individual nucleotides in these
sequences were repeated for three and more times in a
roll. Second, we verified whether they could produce
stable elements of the secondary structure, known as
"internal dimers" and "pins" using "Oligo Calc" online
tool (Northwestern University). Third, we explored
the named sequences with "Blastn" suite (NCBI) to be
sure that they did not have a significant sequence ho-
mology with known human mRNAs. The obtained
results suggested us that both oligonucleotides repre-
sented in Table 1 could be used as false binding motifs
in the molecule of scrambled shRNA.

Table 1.
Comparative analysis of cDNA fragments proposed for the design of scrambled GB shRNA
Source cDNA | InvivoGen (A) | GenScript (B)
Sequence CAGTTTCCA | GCTATTCAC | ACTCCATAT
TTCATCTTC | ATCCCCTTT | ACTTCGTCT
CAA ATA TAC
Length, bp 21 21 21
Nucleotide composition A=5;T=8; A=5;T=8; A=5;T=8;
G=1,C=7 G=1,C=7 G=1,C=7
Potential hairpin formation no no no
Complementarity no no no
Self-annealing sites (2 and more mismatches) no no no
Purines (G+C), % 38.1 38.1 38.1
Number of repeats in consecutive nucleotides 3 4 2
The highest homology with the known human mRNAs, % | 100 (MMP9) 57 (GPX5) 62 (DCAF16)
Palindromes, >4 bp No No no

bp — base pair; The official gene symbols given
in parentheses indicate on the genes that exhibit high-
est homology with sequences "A" and "B".

Since both tested cDNA fragments satisfied the
criteria for siRNA, we have randomly chosen se-
quence B and used it to design ShRNA. The sequence
encoding scrambled shRNA was a double stranded
DNA oligonucleotide (Figure 1). The upper (parallel)
strand of the DNA was composed of several parts,

namely half binding sites of the restriction endonucle-
ases EcoRI and BamH1, mRNA binding (sense) mo-
tif, the complementary motif (antisense) and the mid-
dle loop that connected "sense" and "antisense" mo-
tives to each other. In turn, the lower (antiparallel)
DNA strand was complementary to the upper one,
except 5' and 3' termini because the named endonucle-
ases generate cohesive ends.

"loopﬂ

BamHl

EcoRI

¢ ACTCCATATACTTCGTCTTAC ttcaagaga GTAAGACGAAGTATATGGAGT gaatt

FPEEEEEEEEE R PR e FEE e e e e |
ctagg TGAGGTATATGAAGCAGAATG aagttctct CATTCTGCTTCATATACCTCA ¢

le N
I 1

"sense" sequence

L N
) 1

"antisense" sequence

Figure 1. The sequence of double stranded oligonucleotide encoding scrambled GB shRNA.
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To clone the mentioned oligonucleotide (Figure
1) into the vector pGPV-17019250 (7,911 bp), the
vector was digested with the restriction endonucleases
BamH1 and EcoRI. The obtained DNA fragments
(7,852 and 59 bp) were separated by electrophoresis in

M

1% agarose gel (Figure 2) and the larger DNA frag-
ment was purified from the gel. Then, the oligonucleo-
tide and the DNA fragment were ligated and the ob-
tained plasmid was propagated in E.col i.

F

Figure 2. Separation of DNA fragments obtained by digestion of the vector pGPV-17019250
with restriction endonucleases BamH1 and EcoRI. M — 1 kB DNA ladder;
F — DNA fragment (7,852 b.p.) designated for ligation and cloning.

The obtained results demonstrated that the procedure that we used to clone the oligonucleotide into the vec-
tor was performed with high efficiency. Particularly, we generated several hundred ampicillin-resistant bacterial

clones (Figure 3).

Figure 3. Ampicillin-resistant E. coli clones obtained by transformation of the bacteria
with products of the ligase reaction.

To validate the results of cloning, we examined
the plasmid DNA isolated from 3 randomly selected
clones of transformed bacteria (Figure 4). First, we
confirmed that all three DNA samples contained the
binding sites of restriction endonucleases BamH1 and
EcoRI. We found that both sites were functional and
the manipulations that we performed with the vector
did not affect the junction regions. Second, we ampli-
fied the plasmid DNA by PCR with the specific pri-

M 1 2 3

4

mers. The DNA amplification revealed the presence of
150 bp PCR-product in the probes. The length of the
mentioned PCR-product (Figure 5) was close to the
predicted length of the sequence that included the
binding sites of the primers and the cloned oligonu-
cleotide (154 bp). Third, sequencing of the plasmid
DNA (Figure 6) confirmed that the purified plasmid
DNA contained the sequence of the annealed double
stranded oligonucleotide.

5 6 7 8 9

. —— — — A Y —

Figure 4. Analysis of the purified plasmid DNA with restriction endonucleases BamH1
and EcoRI. M — 1 kB DNA ladder; 1-3 — plasmid DNA digested with BamH1;
4-6 — plasmid DNA digested with EcoRI; 7-9 — undigested plasmid DNA.
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Discussion
A group of non-coding RNAs known as siRNAs
interferes with protein biosynthesis in the cell. Inter-
acting with mRNA that encodes a protein of interest,
siRNAs cause its degradation and prevent the transla-
tion of mMRNA into polypeptide by ribosomes. In cell

M 1

250
200

150
100

50

biology, the synthetic sSiRNAs, known as shRNAs, are
often used to silence disease-associated genes. For
instance, ShRNA specific to MMP9 can be used to
reduce accumulation of gelatinase B in the culture
medium — in vitro or ECM — in vivo.

<—154 bp

Figure 5. PCR-amplification of plasmid DNA isolated from transformed E. coli. M — 100 b.p. DNA ladder;
1-3 —samples of plasmid DNA from selected clones with amplified PCR-product (154 b.p.).

Although gene silencing with shRNAs is a part of
routine lab practice, their overexpression in cells may
cause a problem similar to drug overdose. In fact,
there is always a certain sequence homology between
shRNA of choice and non-target mMRNAs (Table 1).
Respectively, than more shRNA the cell produces than
higher probability of its interaction with non-target
MRNAs exists. This kind of non-specific interactions
is known as "off target effects".

In turn, an obvious way to distinguish "off target
effects”, which are caused by interactions of specific

Primer EXT-F
[ACGTGAAATGTCTTTGGATTTGGG

shRNA with non-specific mRNAs from specific ef-
fects, which are caused by interaction of the same
shRNA with mRNAs encoding the target protein
would be to compare two kinds of cells expressing
specific and scrambled shRNA, respectively. For these
proposes, the scrambled shRNA should have the nu-
cleotide composition identical to the specific ShARNA
and should not interact with any known mRNA. Re-
spectively, there is a need in a vector that would ex-
press scrambled shRNA.

BstYI
Psil BamHI

acgtgaaatgtctttggatttgggaatcttataagttetgtatgagaccacttggatcca

Egcactttaéagaaacctaéacccttagaétattcaagaéatactctggégaacctagc+

Apol
EcoRI

CTCCATATACTTCGTCTTACttcaagagaGTAAGACGAAGTATATGGAGTGAATTCtLCg

GAGGTATATGAAGCAGAATGAagttctctCATTCTGCTTCATATACCTCACTTAAgAage

attctgctttttgcttctactgggtctctctg 37

Bmrl

: ]
taagacgaaaaacgaagatgacccagagagac 5¢

152

ACGAAGATGACCCAGAGAGAC|

Primer: EXT-R

Figure 6. Sequences of plasmid DNA isolated from the transformed E. coli.

The cloned oligonucleotide is located between
the binding sites of restriction endonucleases BamH1
and EcoRl.

To obtain the expression vector that encodes
scrambled shRNA, we chose the sequence 5-CAG
TTT CCATTC ATC TTC CAA-3', which is a part of
exon 6 in the gene of human gelatinase B. According
to the analysis that we previously performed, this
cDNA fragment is susceptible to GB specific ShRNAs
[4]. We already used this sequence to design a GB
specific sShRNA and obtain the expression vector
pGPV-17019250-GB encoding the named shRNA. In
this paper, we used the same sequence to design
scrambled shRNA and clone it into the vector pGPV-
17019250. Respectively, we obtained the expression

vector pGPV-17019250-KGB encoding the designed
scrambled shRNA.

First, we obtained two sequences of candidate
cDNAs (Table 1) using the common online tools.
Second, we explored their properties. Particularly, we
compared their nucleotide compositions and analyzed
their secondary structures (Table 1). Third, we select-
ed one of the qualified cDNAs (Table 1, sequence B),
cloned it into the expression vector pGPV-17019250
and obtained a new vector, namely pGPV-17019250-
KGB. Using the method of automatic DNA sequenc-
ing, we also confirmed that pGPV-17019250-KGB
contained the sequence encoding the chosen scram-
bled shRNA (Figure 5).

To clone the selected scrambled shRNA (Figure
1), we exposed the vector pGPV-17019250 to the re-
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striction endonucleases EcoRI and BamH1. Particular-
ly, we chose these two enzymes because we wanted to
preserve the integrity of 5'-LTR — sequence and H1
promoter, which are important for functioning of the
vector. Particularly, the intact H1 promoter is neces-
sary to induce the shRNA expression in human cells
and 5'-LTR sequence is needed to integrate the lentivi-
ral genome encoded by pGPV-17019250 into the ge-
nome of the infected cell.

We would also acknowledge a high efficiency of
the method that we used to transform E. coli. This is
one of several known protocols commonly used to
introduce plasmid DNA into bacteria [7]. Since these
protocols use different chemical agents (e.g. CaCly,
DMSO and PEG) to produce competent cells, differ-
ent conditions for their transformation and different
procedures to recover the transformed cells, their per-
formance varies from strain to strain.

In this paper, we used the calcium chloride meth-
od to transform XI1 blue E. coli strain [9]. This strain
is one of the six most frequently used E. coli strains to
propagate plasmids with antibiotic-resistant factors in
bacteria [7]. This strain was originated from K12
strain that, in turn, was isolated from a diphtheria pa-
tient [1]. Due to its high transfection efficiency
(~1 x 108 cfu/pg), the X11 blue strain is recommended
by the manufacturers for routine cloning applications
[9] including one that we have performed. Although
we are satisfied with transformation efficiency that we
have achieved in our experiments (Figure 3), accord-
ing to the others [7] the results still could be improved
if we replaced calcium chloride by DMSO and poly-
ethylene glycol and used Hanahan's protocol [3] to
transform the bacteria.

To confirm that the ShRNA encoding sequence is
properly cloned into the expression vector pGPV-
17019250, we examined 3 randomly selected clones
of transformed E. coli. Particularly, we wanted to see
whether the plasmids that we purified from bacteria
contained the binding sites of restriction endonucleas-
es BamH1 and EcoRI. In the other words, we wanted
to be sure that the sites that we used to clone the
shRNA encoding sequence into pGPV-17019250 pre-
served their integrity. It was necessary to avoid muta-
tions that the vector could gain in the process of clon-
ing. We generated two sets of DNA samples (three
samples per a set) and exposed them to either BamH1
or EcoRI. Then, we separated the obtained DNA
fragments in agarose gel as described above. Our re-
sults suggested us that all three mentioned samples of
plasmid DNA were sensitive to both restriction endo-
nucleases (Figure 4). Moreover, we found that the
length of the digested DNA was about the same to one
that we anticipated to see (~7,800 bp). Thus, all three
tested clones could be used for further testing.

The commercial T4 DNA ligases designated for
molecular cloning are genetically modified to increase
their accuracy and reduce the mutation rate. Unfortu-
nately, even accurate enzymes make mistakes and
produce mutations. For instance, T4 DNA ligases
have the ability to delete modified nucleotides if they
are occasionally present in the DNA [2]. In this re-
spect, if a synthetic oligonucleotide is used, their pres-

ence is more likely due to possible technical problems
with DNA synthesis. Moreover, the error rate depends
on the concentration of ATP in the reaction mix. Par-
ticularly, than ATP concentration is lower than the
mutation rate is higher and the nucleotides that direct-
ly interact with the enzyme are at a higher risk. For
instance, ATP partially degrades if the ATP stock so-
lution is thawed and frozen for few times [5]. Unfor-
tunately, it often happens in the lab where many peo-
ple have unlimited access to the ATP stock.

Since the BamH1 and EcoRI binding sites that
we verified were intact, we wanted to be sure that the
length of the DNA that we inserted into the vector was
correct. Respectively, we amplified the plasmid DNA
by PCR. For PCR amplification, we used the specific
primers that flanked the insert in the vector. The re-
sults of PCR amplification demonstrated that the
length of the obtained PCR product (~150 bp) and the
estimated length of DNA insert (154 bp) were about
the same (Figure 1 and 5).

To confirm that the cloned DNA encodes the de-
sired shRNA, we sequenced one of the tested DNA
samples with the vector-specific primers mentioned
above. Importantly, we sequenced both DNA strands
using one primer per probe. Respectively, each ob-
tained DNA sequence contained a fragment identical
to the cloned oligonucleotide. Moreover, both DNA
sequences overlapped to each other. The latter let us
explore the junction regions of the cloned oligonu-
cleotide and the vector. Based on the sequencing re-
sults we found that the tested plasmid encoded the
desired shRNA.

In conclusion, we would like to acknowledge that
we obtained the vector pGPV-17019250-KGB encod-
ing scrambled shRNA. This vector could be used as a
negative control in silencing human gelatinase B in
vivo and in vitro. We also obtained clones of the
transformed E. coli that carried the named vector.
These clones can be used to propagate the vector
pGPV-17019250-KGB in bacteria.
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THE EFFICIENCY OF HIGH-INTENSITY FOCUSED ULTRASOUND ABLATION IN THE
COMBINED TREATMENT OF PATIENTS WITH RECURRENT TUMOR
BILIOPANCREATODUODENAL ZONE.
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PE3IOME.

CHo>XHbIE aHATOMHUYECKHUE U q)yHKIII/IOHaIH)HI)Ie OTHOIICHUA OPraHOB 6I/IJ'II/IOHaHeraTOZ[yOZ[eHaHBHOﬁ 30HBI
OKa3bIBAIOT 3HAYUTEIIbHYIO POJIb HAa PAa3sBUTUC U PACIIPOCTPAHCHUE B HUX PA3JIMYHBIX IMATOJOTMYCCKUX MPOILECC-
coB. boraroe kpoBocHaOxeHHeE, IIUPOKO pa3BUTas JUMQaTHUECcKass CUCTeMa, OJIM30CTh KPYITHBIX COCYIHUCTHIX
CTPYKTYP CIIOCOOCTBYIOT OBICTPOMY POCTY W METACTAa3WPOBAHHIO 3JI0KaYeCTBEHHBIX HOBOOOPA30BaHUI OPraHOB
J.'[aHHOfI 06J'IaCTI/I, YTO B CBOIO O4Y€peab BEACT K BBICOKOH 4acToTe Pa3BUTHA JTIOKO-PETUOHAPHBIX PEUHUANBOB I10-
CJIC XUPYPIrHUYCCKOI'0 JICYCHUA onyxoneﬁ HO,I[)KCJ'Iy,I[O‘IHOﬁ JKCJIC3HI, I[BeHaJIHaTHHepCTHOﬁ KHUIIKH, OOJIBIIIOTO
AYOACHAJIBbHOI'0 COCOYKa W TII. B COBpeMGHHOﬁ JMTEPATypeC MIMPOKO MNPEACTABJICHBI JAHHBIC O MPOBEACHUU
KOMOMHHPOBAaHHOTO JICUeHHs (BBICOKOMHTEHCHBHON (POKYCHPOBAHHOMN YJIBTPa3BYKOBOI aOALUM M XMMHOTEpa-
UH) OOJIBHBIM HMOTPAaHIMYHO- W HEPE3EeKTa0EeIbHBIM PAKOM ITOJKETYJOYHOI skeme3bl. JIaHHBIH MOAX0 ] TO3BOJIS-
€T YCTaHOBUTH KOHTPOJIb HajJ 00neBBIM cHHAPOMOM Y 78,6-100% GONBHBIX W JOCTHTATh OOIIETO OTBETA OMYXO-
i B 14,6-86% cnyuaeB. B HacTosmeit paboTe Mbl IPUBOANM KIMHUYECKHUE CITydad MPOBENCHUS BHICOKOMHTEH-
CHUBHOH (DOKYCHPOBaHHOH YJBTPa3ByKOBOM Tepamuyu B KOMOWHAIMK C XUMHOTepamueil OONBHBIM C JIOKO-
pPETHOHApHBIM PELUANBOM paka OPraHOB OMIMOIAHKPEATOyOACHAIBHOW 30HBI IOCIE BBIMOIHEHHOTO OIepa-
THUBHOI'O BMCIIATCJILCTBA.

ABSTRACT.

The complex anatomical and functional relationships of organs biliopancreatoduodenal areas have a
significant role in the development and distribution of various pathological processes. Rich blood supply, well-
developed lymphatic system, proximity to major vascular structures contribute to the rapid growth and
metastasis of malignant neoplasm of organs of this region such as the pancreas, duodenum, major duodenal
papilla, distal common bile duct, which in turn leads to the high incidence of Loco-regional recurrences after
surgical treatment of tumors. In modern literature widely presents data on the combination treatment (high-
intensity focused ultrasound ablation and chemotherapy) patients with borderline and unresectable pancreatic
cancer. This approach allows you to establish control over the pain syndrome of 78.6-100% of patients and
achieve overall tumor response at 14.6-86% of cases. In this paper, we present clinical cases of carrying out
high-intensity focused ultrasound therapy in combination with chemotherapy for patients with loco-regional
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