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С целью идентификации вируса была прове-

дена ПЦР - диагностика материала из цервикаль-

ного канала и уретры. В первой и второй группе 

пациенток наличие вируса папилломы человека 

высокого онкогенного риска было выявлено в 

34,4% и 56,2% случаев, соответственно. ВПЧ низ-

кого онкогенного риска был выявлен в 23,5% и 

37,7% случаев, как в первой, так и во второй груп-

пах. В 17,5°/о исследований выявлены - Сl. 

Trachomatis, в 11,4%- Micoplasma urealitikum.  

Выбор тактики лечения зависел от результа-

тов обследования, характера и локализации папил-

ломавирусных очагов.  

Все пациентки получали комбинированная 

терапию, которая включала в себя противовирус-

ную и иммуномодулирующую терапия в сочета-

нии с симптоматической терапией. Результаты 

проведенной терапии оценивали не ранее, чем че-

рез 3-4 месяца. 

Эффективность комбинированного лечения в 

1 группе составляло 86%, во 2 -56%, по результа-

там контрольного цитологического исследования. 

У 44% женщин 2-ой группы CIN II степени под-

тверждалась через 3 месяца после проведенного 

лечения.  

При проведении ПЦР – диагностики, после 

лечения ВПЧ высокого онкогенного риска в 1-й 

группе выявлялся в 29,8% и низкого онкогенного 

риска в 20,5%. Во 2-й группе ВПЧ низкого онко-

генного риска выявлен в 18,2%, и высокого онко-

генного риска в 24,8% 

Выводы: 1. Продолжительное инфицирова-

ние ВПЧ, особенно его высокоонкогенными типа-

ми, применение комбинированных оральных кон-

трацептивов в течение длительного периода вре-

мени, начало ранней половой жизни, наличие 

микст - инфекций, гормональный дисбаланс, 

наличие вредных привычек, а именно курения, 

может стать причиной развития цервикальной ин-

траэпителиальной неоплазии и рака шейки матки. 

2.При наличии CIN I, II, особенно ассоцииро-

ванных с ВПЧ, необходимо применять широкий 

спектр методов диагностики. Который включает: 

клинико - визуальный метод, расширенную коль-

поскопию, цитологическое исследование, ПЦР 

диагностику, биопсию шейки матки по показани-

ям. 

3. Адекватная иммуномодулирующая терапия 

препаратами иммуномодуляторов с противовирус-

ной активностью, симптоматическая терапия спо-

собствует элиминации вирионов и регрессу CIN I, 

а при CIN II в комплексе с деструктивно - хирур-

гической терапией повышается эффективность 

лечения.  
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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 shRNA 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 

shRNA into the expression vector pGPV-17019250 

(Evrogen, Russia), the vector (1 μg) 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 

(40 mM TRIS, 20 mM acetic acid, 1 mM EDTA, 

pH 7.6) and 0.5 μg/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 - 125 V (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, 1mM EDTA, 10 mM 

TRIS-HCl, 50% ethanol, pH 7.5) and eluted in a small 

volume of bidistilled water (2 × 15 μL). 

To anneal two complementary single stranded 

DNA oligonucleotides, they were dissolved in 10 μL 

of annealing buffer (10°mM TRIS, 50°mM NaCl, 

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 μg 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 μL) was diluted in 6 mL of LB medi-

um, containing tetracycline (12.5 μg/mL) and incubat-

ed on a shaker for 1h (37°С, 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°С). 

After discarding the supernatant, the pellet was gently 

resuspended in 0.1 M CaCl2 (350 μL) and kept on ice 

for another 40 min. Then, the bacteria were centrifu-

gated again (12,500 rpm, 30 s, 4°С) resuspended in a 

fresh portion of CaCl2 (150 μL) and split equally be-

tween three tubes. 

To transform E. coli, an aliquot of ligation mix 

(10 μL) or plasmid DNA (1 μL) was added to the 

competent cells (50 μL). 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°С for 1h 

without shaking. The obtained E. coli suspensions 
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were seeded on LB-agar solid medium containing 

ampicillin (100 μg/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 

EcoRI, 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 

TTCATCTTC 

CAA 

GCTATTCAC 

ATCCCCTTT 

ATA 

ACTCCATAT 

ACTTCGTCT 

TAC 

Length, bp 21 21 21 

Nucleotide composition A = 5; T = 8; 

G = 1; C = 7 

A = 5; T = 8; 

G = 1; C = 7 

A = 5; T = 8; 

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. 

 
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 

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. 

 
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-

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. 

 
Figure 4. Analysis of the purified plasmid DNA with restriction endonucleases BamH1  

and EcoRI. М – 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 mRNA into polypeptide by ribosomes. In cell 

biology, the synthetic siRNAs, 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. 

 
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 mRNAs (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 

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 shRNA 

and should not interact with any known mRNA. Re-

spectively, there is a need in a vector that would ex-

press scrambled shRNA. 

 
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 EcoRI. 

To obtain the expression vector that encodes 

scrambled shRNA, we chose the sequence 5'-CAG 

TTT CCA TTC 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 shRNA 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-



22  Евразийский Союз Ученых (ЕСУ) #5(62), 2019  

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. CaCl2, 

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 Xl1 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 × 108 cfu/µg), the Xl1 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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РЕЗЮМЕ. 

Сложные анатомические и функциональные отношения органов билиопанкреатодуоденальной зоны 

оказывают значительную роль на развитие и распространение в них различных патологических процес-

сов. Богатое кровоснабжение, широко развитая лимфатическая система, близость крупных сосудистых 

структур способствуют быстрому росту и метастазированию злокачественных новообразований органов 

данной области, что в свою очередь ведет к высокой частоте развития локо-регионарных рецидивов по-

сле хирургического лечения опухолей поджелудочной железы, двенадцатиперстной кишки, большого 

дуоденального сосочка и тп. В современной литературе широко представлены данные о проведении 

комбинированного лечения (высокоинтенсивной фокусированной ультразвуковой абляции и химиотера-

пии) больным погранично- и нерезектабельным раком поджелудочной железы. Данный подход позволя-

ет установить контроль над болевым синдромом у 78,6-100% больных и достигать общего ответа опухо-

ли в 14,6-86% случаев. В настоящей работе мы приводим клинические случаи проведения высокоинтен-

сивной фокусированной ультразвуковой терапии в комбинации с химиотерапией больным с локо-

регионарным рецидивом рака органов билиопанкреатодуоденальной зоны после выполненного опера-

тивного вмешательства. 

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 

https://www.doi.org/10.31618/ESU.2413-9335.2019.4.62.109

