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K CBEAEHUIO ABTOPOB!
[Ipu HampaBIeHUY CTAaTbH B PEAAKITHIO HEOOXOINMO COOITIOATh CISAYIONINE TIPABHIIA;

1. CraTps 1oyKHA OBITH MPECTABICHA B IBYX DK3EMILISIPAX, HA PYCCKOM MJIM aHTIIUHCKOM SI3bI-
Kax, HarleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OHOIl CTOPOHE CTAHIAPTHOIO JIUCTA ¢ INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBIH WPUQT U1 TEKCTa Ha PYCCKOM U
anruiickoM sizpikax - Times New Roman (Kupuaauima), Ui TekcTa Ha TPY3UHCKOM SI3BIKE CIIETyeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykornrcu, HaneyaraHHOW Ha KOMITBIOTEPE, JTOJDKEH
o51Th IprTO’keH CD co crarbeit.

2. Pa3mep craTbu 10TKEH OBITH HE MEHEE IECSTH 1 He OoJiee 1BaALaTH CTPaHUI] MAIIHOIINCH,
BKJIIOUAsl yKa3arellb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPY3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIIEHBI AKTYyaIbHOCTh JJAHHOTO MaTepHalla, METO/IbI U Pe3YIIbTaThI
UCCIIeIOBaHUS U MX 00CYKACHHE.

[Ipu npencTaBIeHNN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJIMYECTBO IKCIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIIHECS METOABl 00e3001MBaHUs U
YCBIMICHHUS (B XOJ€ OCTPBIX OIBITOB).

4. K crarbe JOIKHBI OBITH IPUIIOKEHBI KpaTKoe (Ha MOJICTPAaHUIIbI) Pe3OMe Ha aHIIIMICKOM,
PYCCKOM M I'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIEIYIOLINE pa3aesbl: Lieb UCCIeI0BaHNs, MaTepHua U
METO/IBI, PE3YJILTAThI M 3aKIFOUSHHE) U CIIUCOK KITtoueBbIX ciioB (key words).

5. Tabnuupl HEOOXOIUMO NPECTABIATE B Ie4aTHOM hopme. DoTokonuu He TpuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOTKHBI OBITH 03aryIaBICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (DOTOKOIHMHU C PEHTTEHOTPAMM - B HO3UTUBHOM
n300paxeHnH. PUCYyHKH, YepTeKU U IuarpaMmbl CIeLyeT 03arIaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff hopmare.

B noanucsix k MukpogotorpagusaM cieayeT yKa3bBaTh CTEIICHb YBEIMUCHHUS YePEe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIPETHALIUH CPE30B.

7. ®aMUIIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJATCS B OPUTHHAIBHON TPAHCKPUIILINH.

8. I[Ipu opopmnennn u HarpaBneHun crtared B kypHanm MHI nmpocum aBTOpOB cobmronars
NpaBuIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSAX K PYKOMHUCSM, IPEACTABISIEMBIM B ONOMEIUIIMHCKHUE
JKYpHAJIbD», TPUHATHIX MeXKIyHapOAHBIM KOMHUTETOM PEIaKTOPOB MEAMLMHCKUX JKYpPHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIe Kax /101 OPUTHHATIBHOM CTaThU MPUBOIUTCS OMOIHOrpadguyeckuii cucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPbIE UMEIOTCS CChUIKU B TeKcTe. CIHCOK COCTaBIsIeTCs B
andaBUTHOM MOpsAKEe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK IPUBOAUTCS Ha sI3bIKE OpUrMHana. B
CIMCKE JINTEPATyPhl CHavYajIa MPUBOIATCS PaOOThI, HAIMCAHHBIE 3HAKAMU TPY3MHCKOTO anaBuTa, 3aTeM
KApuuien u naruauned. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTATbH JAIOTCS B KBaIPaTHBIX
CKOOKax B BU/I€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmh-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 32 IMOCTETHNUE 5-7 JIET.

9. ns momydeHus MpaBa Ha MyONHMKALMIO CTaThs TOJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJICHUS BU3Y U CONPOBOIUTEIBHOE OTHOILICHHUE, HAIMCAHHBIC WJIM HAlledaTaHHbIC Ha OJIaHKe
Y 3aBE€PEHHBIE MOJIHCHIO U NIEYaThIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBIO MPUBEACHBI UX
(amuIMM, UIMEHAa U OTYECTBA, YKa3aHbl CIIy>KeOHBIH M JOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble KoopAuHaThl. KonmuuecTBo aBTOPOB (COABTOPOB) HE TOJHKHO MPEBBIIIATE IISITH YEJIOBEK.

11. Penakuus ocraBisieT 3a cOO0 MpaBo COKpallaTh U UCHPaBIATh cTarbi. Koppekrypa aBropam
HE BbICBUIAETCS, BCS paboTa U CBEpKa MIPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HenomycTuMO HarpaBiieHHE B pefaklMIo padoT, MPeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeIbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX M3IAHUSX.

Hpﬂ HApyHI€HUU YKa3aHHbIX IPaBUJI CTATbU HE paCCMaTPUBAIOTCH.




Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or compu-
ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width, and 1.5 spacing
between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to Georgian and Russian
materials). With computer-printed texts please enclose a CD carrying the same file titled with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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THE CONTENT OF NK CELLS AND THEIR SUBTYPES
IN THE CASE OF DRUG-INDUCED JAW OSTEONECROSIS

Ivanyushko T., Polyakov K., Usatov D., Petruk P.

Sechenov First Moscow State Medical University, Moscow, Russian Federation

Osteonecrosis of the jaw (ONJ) is a serious complication after
the treatment with antiresorptive drugs, such as bisphosphonates
(BPs) and denosumab (Dmab), which are used for the treatment
of osseal metastases. More than 65 % of the men with prostate
cancer and almost 75% of the women with breast cancer have
osseal metastases. ONJ may develop in 27.5% of the patients
exposed to antiresorptive drugs [4,10,11,13,19].

The possible mechanisms of ONJ pathogenesis include, first
of all, impaired bone remodeling. An important role is played by
oral infection and altered immunity [2,7,12].

One of the important mechanisms for the development of os-
teonecrosis is the interaction between NK cells and osteoclasts.
NK cells cause apoptosis of osteoclasts, which results in a sharp
reduction of bone erosion [5].

The bisphosphonate drugs (zoledronate and alendronate)
cause an increased release of the pro-inflammatory mediators
by the osteoclasts, and thereby inhibit the cytotoxicity mediated
by NK cells [18].

The development of the immune response of the organism to
any influence is accompanied by changes in the subpopulation
composition, as well as by appearance of membrane and intra-
cellular markers on their cell surface. The determination of the
subpopulation composition of the lymphocytes serves as a diag-
nostic indicator, which makes it possible to assess the course of
the processes occurring in the organism.

One of the most important populations of immune cells are
NK cells (natural killer cells), which possess cytolytic activity
against the target cells, and are involved in the regulation of the
innate and adaptive immune responses through the secretion of
many chemokines and cytokines, thus amplifying and modulat-
ing the immune response [1,6,9]. They consist of phenotypically
different subsets with various functional properties [15,17].

Two main subpopulations are identified among the population of
circulating NK cells. One of them expresses the CD16 subpopula-
tion and a low level of the CD56 subpopulation (CD16+ (or high)
CD56dim). The other one expresses the CD56 subpopulation; how-
ever, the CD16 subpopulation is represented on them in low density
or is completely absent (CD16- (or low)CD56bright).

The CD16high CD56dm subpopulation amounts to approxi-
mately 80-90% of NK cells in the peripheral blood and has high
cytolytic activity. The CD16- (or low)CD56bright subpopula-
tion amounts to approximately 10-20% of the total number of
NK cells. In response to IL-2 stimulation, this population of
cells can secrete IFN-y, TNF-B, IL-10, IL-13, GM-CSF, and
some other cytokines, and has lower cytolytic activity [3]. The
NK and NK-T cells, being the components of the innate immune
system, play a decisive role in the antitumor immunity [8,14,16].

The relative number of NK cells and their activity significant-
ly change during the neoplastic processes and viral infections,
as well as in the case of a purulent inflammation, autoimmune
diseases, and during other processes.

The study was aimed at assessing the population structure of
lymphocytes and the subpopulation composition of NK cells in
the peripheral blood of humans in the case of drug-induced ONJ
for improving the quality of diagnosis, the treatment, and the
prevention of ONJ.
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Material and methods. Thirty patients were examined, includ-
ing 15 patients with drug-induced osteonecrosis of the jaw (DI-
ONJ), 10 healthy individuals, and five patients with PID of the
maxillofacial region, with phlegmons of the submandibular space.

The patients with DIONJ included 10 men and five women.
The age of the patients ranged from 49 to 77 years. From the
anamnesis of the disease: all the patients with DIONJ had previ-
ously received treatment for oncological diseases (prostate can-
cer, breast cancer), surgery, and chemotherapy due to the pres-
ence of metastases. The patients had received BPs — injections
of the Zometa drug (zoledronic acid) for 1.5-3 years. All the
patients had been intravenously administered 4 mg of zoledronic
acid every four weeks.

Upon admission to the Maxillofacial Surgery Clinic of the
.M. Sechenov First Moscow State Medical University, the pa-
tients complained of pain and fistulas with purulent discharge in
the oral cavity, which occurred after odontectomy.

All the patients with DIONJ had areas of mucous membrane ne-
crosis in the oral cavity in the area of the extracted teeth, along with
exposure of the bone tissue of the alveolar process, and unsatisfac-
tory hygienic state of the oral cavity and sanation result. Fistulous
passages with purulent discharge were present on the skin. Five pa-
tients had previously received surgical treatment with partial jaw re-
section. These patients were readmitted due to a relapse of osteone-
crosis after the previous surgical treatment. Computed tomography
(CT) scans showed multiple foci of bone destruction, osteoporosis,
and bone tissue resorption of varying prevalence.

The treatment was performed according to the following
scheme: seven days before surgery — the treatment of oral
wounds with 0.05% chlorhexidine solution one — two times a
day, antibiotic therapy (clindamycin — 150 mg four times a
day); after that, surgery — osteonecrectomy — was made with
complete layered wound closure; antibacterial therapy in the
post-surgery period (ceftriaxone — 1.0 g two times a day intra-
muscularly for seven days); hospital admission for up to seven
days after surgery; and removal of stitches outpatiently.

The population composition of lymphocytes and the subpopu-
lation composition of NK cells in the peripheral human blood
were assessed by laser flow cytometry using monoclonal anti-
bodies with a four-color marker. The study was performed on a
FACS Canto II flow cytometer manufactured by Becton Dick-
inson (BD), USA.

The work was performed at the Department of Immunodiag-
nostics and Immunocorrection of the Federal State Budgetary
Establishment State Research Center of the Institute of Immu-
nology of the Federal Medical and Biological Agency of Russia.

The SPSS Statistics software package version 17.0 (Inc., Chi-
cago, USA) was used for statistical data processing. For assessing
the trend of the quantitative traits, the median was chosen, and for
the interval assessment — the 5 — 95 percentiles were chosen, since
the studied samples did not obey the normal distribution law.

Results and discussion. In the patients with DIONJ, the
leukocyte counts did not significantly differ from those in the
healthy individuals (Table 1). In contrast, in the patients with
PID in the maxillofacial area, an increased level of leukocytes
was noted (p<0.05).
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Table 1. The population composition of the lymphocytes in the examined individuals M0 (5; 95)

Indicator Healthy individuals The group of the patients | The group of the patients
(n=10) with PID (n=5) with DIONJ (n=15)
Leukocytes, abs. 7,500 (7,000; 7,800) 10,700 (9,000; 15,000) * 6,400 (5,700; 10,000) **
Lymphocytes, % 29 (23; 33) 17 (16; 23) * 19 (17; 32) *
Lymphocytes, abs. 2,030 (1,794, 2,475) 1,523 (1,046; 1,921) * 1,482 (1,152; 1,950) *
CD3" (T-lymphocytes), % 73 (72; 75) 56 (51;71) * 76 (71; 81) **
CD3", abs. 1,462 (1,346; 1,807) 1,819 (1,762; 1,978) 1,200 (876; 1,318) ***
CD3-CD16/56", % 15 (13; 18) 31(19; 38) * 13 (9; 17) **x
CD3-CD16%/56%, abs 371 (233; 382) 564 (481; 623) * 196 (181; 334) ***
CD3'CD16/56", % 7(3;8) 4(3;6)* 9 (6; 28) **x
Eﬁ 1256116;;:? 5661:5) 2/;)t<(>r1§1t?tclve to the 97 (96.6: 97.9) 96.7 (95.1; 98.6) 98.6 (97.4; 99.18) ***
- ~(or low) & Gbright 0 ;
‘S)]t)ej l(e::\]/)e116ofNK5c6ells)’c;?tc()rl(eillell:-;icfzut?ﬁlg 32134 3.3(1.4,4.9) 1.4 (0.82; 2.6) ***

note: * — the veracity of the differences with the healthy individuals,
** _ the differences between the groups of the patients (p < 0.05)

The level of lymphocytes, in relative and absolute terms, re-
duced both in the patients with DIONJ and in the patients with
PID in the maxillofacial area, in contrast to the healthy individu-
als (p<0.05). No difference was found in the indicators between
these groups of patients.

The determination of the T-lymphocyte population (CD3+)
showed that their level in relative terms was lower only in the
patients with PID, and was significantly different from that in
the patients with DIONJ (p<0.05).

In absolute terms, the level of T-lymphocytes (CD3+) was
lower in the patients with DIONJ and was significantly different
from that in the healthy individuals and the patients with PID
(p<0.05).

The total population of NK cells (CD3-CD16+/56+) in the
patients with DIONJ was different from that in the healthy in-
dividuals and the patients with PID in the maxillofacial region.
In the patients with DIONJ, the population of NK cells (CD3-
CD16+/56+) was lower in relative terms by 25% in 50 % of the
patients, and in absolute terms — by 45% in 75% of the patients,
compared to the healthy individuals (p<0.05). In contrast, in the
patients with PID, the population of NK cells (CD3-CD16+/56+)
was twice greater, compared to that in the healthy individuals,
and three times greater, compared to the population in the pa-
tients with DIONJ (p<0.05). In the patients with DIONJ, not
only the total number of NK cells but also the level of the sub-
types of NK cells differed. Their imbalance was noted. Relative
to the common NK cells, the level of cytolytic subtypes of NK
cells (CD3-CD16+(or hight) 56dim) was elevated, and the level
of cytokine-producing cells (CD3-CD16-(or low) 56bright) was
reduced, compared to the healthy individuals (p<0.05). In the
healthy individuals, the median of cytolytic NK cells (CD3-
CD16+(or hight) 56dim) was 97 (percentiles 96.6; 97.9), while
that of the cytokine-producing NK cells (CD3-CD16-(or low)
S56bright) was 3 (percentiles 2.1, 3.4). In the patients with DI-
ONJ, the median of cytolytic NK cells (CD3-CD16+(or hight)
56dim) was 98.6 (percentiles 97.4, 99.18), and that of the cy-
tokine-producing cells (CD3-CD16-(or low) 56bright) — 1.4
(percentiles 0.82, 2.6).

In the case of PID, the level of cytolytic NK subtypes (CD3-
CD16+(or hight) 56dim) and that of the cytokine-producing
cells (CD3-CD16-(or low) 56bright) were not different from the
norm.
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The level of subtypes of NK-T cells (CD3+CD16+/56+)
with supercytolytic activity was on average elevated 3.5 times
in the patients with DIONJ, compared to the healthy indi-
viduals (p<0.05). In the patients with PID, in contrast to the
healthy individuals and the patients with DIONJ, the level of
subtypes of NK-T cells (CD3+CD16+/56+) was 1.5-3.0 times
lower. In the healthy individuals, the median of NK-T cells
(CD3+CD16+/56+) was 7 (percentiles 3; 8), in the patients with
PID — 4 (percentiles 3; 6), and in the patients with DIONJ — 9
(percentiles 6, 28), respectively.

In the patients with DIONJ, after the surgical treatment, the
relative and absolute levels of lymphocytes and that of NK cells
(CD3-CD16+/56+) normalized on the seventh day, while the
level of NK-T cells (CD3+CD16+/56+) sharply decreased. The
level of T-lymphocytes (CD3+) remained low in relative terms.
The level of NK cells subtypes did not change after the treat-
ment; the level of NK cytolytic cells (CD3-CD16+(or hight)
56dim) remained high, and the level of cytokine-producing cells
(CD3-CD16-(or low) 56bright) remained low (Table 2).

In the patients with DIONJ, in contrast to the healthy indi-
viduals, the most significant was the reduction of the level of
lymphocytes and the overall population of NK cells (Table 1).
Imbalance of the subtypes of NK cells was noted. As to the total
level of NK cells, the level of cytolytic subtypes of NK cells was
elevated, while the level of the cytokine-producing cells was
lowered. The level of the subtypes of NK-T cells with super-
cytolytic activity was also elevated. In the patients with PID of
the maxillofacial region, in contrast to patients with DIONJ, the
typical signs of the inflammatory process were expressed. On
the background of severe leukocytosis, the level of lymphocytes
and the population of T-lymphocytes (CD3+) were reduced. An
increase in the level of the total population of NK cells was typi-
cal; however, the levels of cytolytic and cytokine-producing NK
cells were within the norm. In contrast to patients with DIONJ,
the level of the subtypes of NK-T cells with supercytolytic activ-
ity was reduced.

After the surgical treatment, no cardinal changes in the lym-
phocyte population composition were observed in the patients
with DIONJ. The level of the subtypes of NK cells did not
change after the treatment, the level of cytolytic NK cells re-
mained high, and the level of the cytokine-producing cells re-
mained low.
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Table 2. The population composition of the lymphocytes with DIONJ before and after the treatment MO (5; 95)

Indicator

Healthy individuals
(n=10)

The group of the patients
with DIONJ before the
treatment (n=15)

The group of the patients
with DIONJ after the
treatment (n=7)

Leukocytes, abs.

7,500 (7,000; 7,800)

6,400 (5,700; 10,000)

7,600 (6,000; 9,000)

Lymphocytes, % 29 (23;33) 19 (17; 32) 26 (18; 32)
Lymphocytes, abs. 2,030 (1,794, 2,475) 1,482 (1,152; 1,950) 2,270 (1,420, 2,700)
CD3*(T-lymphocytes), % 73 (72;75) 76 (47; 81) 65 (57;76) *
CD3", abs. 1,462 (1,346; 1,807) 1,269 (876; 1,424) * 1,319 (1,200; 1,418) *
CD3-CD16%/56%, % 15 (13;18) 14 (9; 18) 13 (10; 17)
CD3-CD16%/56%, abs 371 (233; 382) 196 (181; 334) * 351 (207; 383) **
CD3*CD16%/56%, % 7 (3; 8) 9 (6;28) * 5(1;8) **

CD3-CD16"rhight 56dim 04 (relative to the

97 (96.6; 97.9)

98.5 (97.1; 98.6) *

98.6 (97.4;99.18) *

total level of NK cells) cytolytic

CD3-CD16rlow 56brieht 04 (relative to the

total level of NK cells) cytokine-producing 321,34

1.5(1.4;2.9) * 1.4 (0.82;2.6) *

note: * — the veracity of the differences with the healthy individuals, ** — the differences between the groups of the patients (p<0.05)

Thus, the population composition of lymphocytes in the pe-
ripheral blood of the patients with DIONJ was different from
that in the healthy individuals and the patients with PID of the
maxillofacial area. This pathology was accompanied by a reduc-
tion of the innate defense factors, as evidenced by the reduction
in the total population of NK cells, as well as by the imbalance
of the subtypes of NK cells, the high level of cytolytic NK cells
and NK-T cells with supercytolytic activity and a reduction of
the population of cytokine-producing NK cells. The imbalance
of NK cells (the natural killer cells) may be an indicator of unfa-
vorable prognosis for osteonecrosis treatment.

The surgical treatment (osteonecrectomy) promoted effective
recovery and the possibility of replacing the post-surgery defect.
However, in the peripheral blood, no drastic changes occurred
in NK lymphocytes and their subtypes, which in the long term
might result in a relapse and repeated surgery.

The modern method of studying the content of NK lympho-
cytes and their subtypes in the patients with DIONJ may be rec-
ommended for diagnosis and prediction of complications, and
for determining the effectiveness of the treatment.

Conclusion. The studies have shown that the mechanisms of
innate immunity play a key role in the ONJ pathogenesis. This
pathology is characterized by a low level of innate protection
factors, as evidenced by the reduction of the total population of
NK cells, and the imbalance of the NK cells subtypes. The high
content of cytolytic NK cells and NK-T cells and a low level of
NK cytokine-producing cells were noted. The imbalance of NK
cells (the natural killer cells) was an indicator of unfavorable
prognosis for the osteonecrosis treatment. The surgical treat-
ment (osteonecrectomy) promoted effective recovery and the
possibility of replacing the post-surgery defect. However, in the
peripheral blood, no drastic changes occurred in NK lympho-
cytes and their subtypes, which in the long term might result
in relapse. The modern method of studying the content of NK
lymphocytes and their subtypes in the patients with ONJ may be
recommended for diagnosing and predicting complications, and
for determining the effectiveness of the treatment.

REFERENCES

1. Babaskina LI, Litvinova TM, Babaskin DV, Savinova OV,
Winter EA. Influence of Flavonoids on the Cytotoxic Activ-

© GMN

ity of Mononuclear Blood Cells in Model Tests. Open Access
Maced J Med Sci. 2019; 30(7(12)): 1900-1904. Doi: 10.3889/
oamjms.2019.331.

2. Chang J, Hakam AE, McCauley LK. Current Understanding
of the Pathophysiology of Osteonecrosis of the Jaw. Curr Osteo-
poros Rep 2018; 16(5): 584-595.

3. Cooper MA, Fehniger TA and Caligiuri MA. The biology
of human natural killer-cells subsets. Trends Immunol 2001;
22(11): 633-40.

4. Eleutherakis-Papaiakovou E, Bamias A. Antiresorptive treat-
ment-associated ONJ. European Journal of Cancer Care (Engl)
2017; 26(6): €12787. Retrieved from: https://www.infona.pl/re-
source/bwmetal.element.wiley-ecc-v-26-i-6-ecc12787

5.Feng S, Madsen SH, Viller NN, Neutzsky-Wulff AV, Geisler
C, Karlsson L and Soderstrom K. Interleukin-15-activated natu-
ral killer cells kill autologous osteoclasts via LFA-1, DNAM-1
and TRAIL, and inhibit osteoclast-mediated bone erosion in vi-
tro. Immunology 2015; 145(3): 367-79.

6. Filipovic I, Sonnerborg I, Strunz B, Friberg D, Cornillet M,
Hertwig L, Ivarsson MA, Bjorkstrom N.K. 29-Color Flow Cy-
tometry: Unraveling Human Liver NK Cell Repertoire Diver-
sity. Front Immunol 2019; 19(10). Retrieved from: https:/www.
frontiersin.org/articles/10.3389/fimmu.2019.02692/full

7. Gao SY, Lin RB, Huang SH, Liang YJ, Li X, Zhang SE, Ouy-
ang DQ, Li K, Zheng GS, Liao GQ. PDGF-BB exhibited thera-
peutic effects on rat model of bisphosphonate-related osteone-
crosis of the jaw by enhancing angiogenesis and osteogenesis.
Bone 2019; 29: 115117.

8. HuJ, Wang E, Liu L, Wang Q, Xia D, Bai W, Tie J, Li X, Yuan
J, Yang S, Jiang D, Shi J, Sun Y, Wang J, Zhang C, Niu J, Li K,
He C, Guo W, LvY, Chen H, Yuan X, Yu T, Wang Z, Luo B, Han
N, Zhu Y, Yin Z, Fan D, Zhang Z, Yang K, Han G. Sorafenib
may enhance antitumour efficacy in hepatocellular carcinoma
patients by modulating the proportions and functions of natural
killer cells. Invest New Drugs. 2019; 13.

9. Kaur K, Cook J, Park SH, Topchyan P, Kozlowska A, Oha-
nian N, Fang C, Nishimura I, Jewett A. Novel Strategy to Ex-
pand Super-Charged NK Cells with Significant Potential to Lyse
and Differentiate Cancer Stem Cells: Differences in NK Expan-
sion and Function between Healthy and Cancer Patients. Front
Immunol 2017; 5(8). Retrieved from: https://www.frontiersin.
org/articles/10.3389/fimmu.2017.00297/full

43



10. Khan AA, Morrison A, Hanley DA, Felsenberg D, McCau-
ley LK, O’Ryan F, Reid IR, Ruggiero SL, Taguchi A, Tetradis S,
Watts NB, Brandi ML, Peters E, Guise T, Eastell R, Cheung AM,
Morin SN, Masri B, Cooper C, Morgan SL, Obermayer-Pietsch B,
Langdahl BL, Al Dabagh R, Davison KS, Kendler DL, Sandor GK,
Josse RG, Bhandari M, El Rabbany M, Pierroz DD, Sulimani R,
Saunders DP, Brown JP, Compston J. Diagnosis and management
of osteonecrosis of the jaw: a systematic review and international
consensus. J Bone Miner Res 2015; 30(1): 3-23.

11. Khan AA, Morrison A, Kendler DL, Rizzoli R, Hanley DA,
Felsenberg D, McCauley LK, O’Ryan F, Reid IR, Ruggiero SL,
Taguchi A, Tetradis S, Watts NB, Brandi ML, Peters E, Guise
T, Eastell R, Cheung AM, Morin SN, Masri B, Cooper C, Mor-
gan SL, Obermayer-Pietsch B, Langdahl BL, Dabagh RA, Davison
KSh, Sandor GK, Josse RG, Bhandari M, El Rabbany M, Pierroz
DD, Sulimani R, Saunders DP, Brown JP, Compston J. Case-Based
Review of Osteonecrosis of the Jaw (ONJ) and Application of the
International Recommendations for Management From the Inter-
national Task Force on ONJ. J Clin Densitom 2017; 20(1): 8-24.
12. Manzano-Moreno FJ, Ramos-Torrecillas J, De Luna-Bertos E,
Reyes-Botella C, Garcia-Martinez O, Ruiz C. Effect of Clodronate
on Antigenic Profile, Growth, and Differentiation of Osteoblast-
Like Cells. J Oral Maxillofac Surg 2016; 74(9): 1765-70.

13. Marconcini S, Giammarinaro E, Cosola S, Genovesi AM,
Covani U. Mandibular Osteonecrosis Associated with Antacid
Therapy (Esomeprazole). Eur J Case Rep Intern Med. 2019; 6.
Retrieved from: https://www.ejcrim.com/index.php/EJCRIM/
article/view/1279/1813

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSLLI6()

14. Minetto P, Guolo F, Pesce S, Greppi M, Obino V, Ferretti E,
Sivori S, Genova C, Lemoli RM, Marcenaro E. Harnessing NK
Cells for Cancer Treatment. Front Immunol 2019; 6(10): 2836.
Retrieved from: https://www.frontiersin.org/articles/10.3389/
fimmu.2019.02836/full

15. Pfefferle A, Jacobs B, Netskar H, Ask EH, Lorenz S, Clancy
T, Goodridge JP, Sohlberg E, Malmberg KJ. Intra-lineage Plas-
ticity and Functional Reprogramming Maintain Natural Killer
Cell Repertoire Diversity. Cell Rep. (March 13, 2019). Re-
trieved from: https://ssrn.com/abstract=3353222

16. Rezaeifard S, Safaei A, Talei A, Faghih Z, Erfani N. NK, NKT
and Invariant-NKT Cells in Tumor Draining Lymph Nodes of Pa-
tients with Breast Cancer. Iran J Immunol 2019; 16(4): 291-298.
17. Tiwary S, Berzofsky JA, Terabe M. Altered Lipid Tumor
Environment and Its Potential Effects on NKT Cell Func-
tion in Tumor Immunity. Front Immunol 2019; 18(10). Re-
trieved from: https://www.frontiersin.org/articles/10.3389/fim-
mu.2019.02187/full.

18. Tseng HC, Kanayama K, Kaur K, Park SH, Park S, Ko-
zlowska A, Sun S, McKenna CE, Nishimura I, Jewett A.
Bisphosphonate-induced differential modulation of immune
cell function in gingiva and bone marrow in vivo: role in
osteoclast-mediated NK cell activation. Oncotarget 2015;
21(6(24)): 20002-20025

19. Turner B, Drudge-Coates L, Ali S, Pati J, Nargund V, Ali E,
Cheng L, Wells P. Osteonecrosis of the Jaw in Patients Receiv-
ing Bone-Targeted Therapies: An Overview-Part 1. Urol Nurs
2016; 36(3): 111-6, 154.

SUMMARY

THE CONTENT OF NK CELLS AND THEIR SUBTYPES
IN THE CASE OF DRUG-INDUCED JAW OSTEONECROSIS

Ivanyushko T., Polyakov K., Usatov D., Petruk P.

Sechenov First Moscow State Medical University, Moscow, Russian Federation

The goal of the study is assessing the population structure of
lymphocytes and the subpopulation composition of NK cells in
the peripheral blood of humans in the case of drug-induced os-
teonecrosis of the jaw for improving the quality of diagnosis,
treatment, and prevention of osteonecrosis of the jaw.

Thirty patients were examined, including 15 patients with
drug-induced osteonecrosis of the jaw (ONJ), 10 healthy in-
dividuals, and five patients with pyoinflammatory diseases
of the maxillofacial region, aged 49 to 77. Every four weeks,
the patients had been receiving 4 mg intravenous injections of
bisphosphonates (the Zometa preparation (zoledronic acid)) for
1.5 -3 years. The study was performed on a FACS Canto II flow
cytometer manufactured by Becton Dickinson (BD), USA.

In the patients with ONJ, an imbalance of the NK cell sub-
types was observed. As to the common NK cells, the level of sub-

types of cytolytic NK cells (CD3-CD16+(or hight)56dim) was el-
evated, and the level of cytokine-producing cells (CD3-CD16-(or
low) 56bright) was reduced, compared to the healthy individuals
(p<0.05). In the patients with ONJ, after the surgical treatment, the
relative and absolute levels of lymphocytes and the total level of
NK cells (CD3-CD16+/56+) normalized on the seventh day. The
level of NK cells subtypes did not change after the treatment.

This pathology is characterized by a low level of innate pro-
tection factors, as evidenced by the reduction of the total popula-
tion of NK cells, and the imbalance of NK cells subtypes. The
imbalance of NK cells (the natural killer cells) was an indicator
of unfavorable prognosis for osteonecrosis treatment.

Keywords: drug-induced osteonecrosis of the jaw, bisphos-
phonates, innate immunity, subpopulation composition of lym-
phocytes, NK lymphocytes and their subtypes.

PE3IOME

COJIEP)KAHUE NK-KJETOK M UX CYBTUIIOB TP MEJUKAMEHTO3HOM OCTEOHEKPO3E UEJTIOCTEN

HNpanomko T.IL., [oasikoB K.A., Yearos /L.A., Ilerpyk I1.C.

Iepeviii Mockosckuii eocyoapcmeennblil meouyunckuil ynugepcumem um. U.M. Ceuenosa
Munucmepcmea 30pasooxpanenusi Poccutickoti @edepayuu (Ceuenosckuii Yuusepcumem), Poccust

Llenbro MCCIEIOBaHUS SIBUIACH OIICHKA MOMYISIIMOHHOTO
cocTtaBa JUM(OIUTOB U CYyOMOMyIsAMOHHOTO cocTtaBa NK-
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KJIETOK B nepI/I(bequeCKoﬁ KpOBH 4€JIOBECKA IpU MECIIUKaAMEH-
TO3HOM OCTCOHEKPO3€ YeNCTeH JUIA yOIydYHICHUs Ka4eCcTBa
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JMarHOCTUKH, JiedueHus U npodunaktuku. Knnundeckuii Ma-
Tepuai coOpaH Ha 0a3e KIMHUKHU YEIIOCTHO-JIMLEBOH XUPYPruu
ITeporo MI'MYVY um. .M. CeuenoBa (Ce4eHOBCKUN yHHUBEp-
cutet). O6¢caenosanbl 30 MarMeHTOB, U3 HUX 15 MalMeHTOB
¢ MEIUKaMEHTO3HbIM ocTeoHekpo3oMm uyemtocreil (MOH), 10
3JI0POBBIX JIMI] U 5 OOJBHBIX THOMHO-BOCHAIUTEILHBIMU 3200-
neanusivu (I'B3) wemtocTHO-nMIIEBOIT 00acTH B BO3pacTe OT
49 no 77 ner. Panee naumentam ¢ MOH nposezneHo JieueHue 1no
IIOBOJly OHKOJIOTMYECKOro 3a0ojeBaHus (pak NpencTaTesIbHOM
JKeJIe3bl, PaK MOJIOYHOH »eje3bl), OIepaTUBHOE BMEIIAaTellb-
CTBO M KYPChl XMMHOTEPAIIUHN B CBA3U C HAJIMYMEM METACTA30B.
[ManmenTsl npuHuManu Oucdocdonarel - mpemapar 3omeTa
(30me1poHOBast KMCIIOTA) B MHBEKIMAX B TeueHue 1,5-3 ser, B
Jo3e 4 M BHyTPUBEHHO, B 4 Hexenu 1 pa3. Merogom nportou-
HOM J1a3€pHOM LIUTOMETPUHU C MCIIOJIB30BAHMEM MOHOKJIOHAIb-
HBIX QHTUTEJ] C YCTHIPEXI[BETHOW METKOH IPOBOAMIN OLECHKY
MOIMYJIALIUOHHOI'O COCTaBa HHM(bOuHTOB u CyGHOHyﬂﬂLU/lOHHO—
IO COCTaBa €CTECTBEHHBIX KieTok-kuuiepoB (NK-kietok) B
nepudepryeckoil KpoBU uenoBeka. lccienoBanue mposesie-
HO Ha mpotouHoM nutoduyopumerpe FACSCanto II, (Becton
Dickinson, USA). OGcnenoBanye nayueHToB MPOBOIMIN JI0 U
I10CJIC OCTCOHEKPIKTOMHUH C YITMBAHUEM PAHBI.

[lokazatenn oOmeit momymsiuun  NK-knerok  (CD3-
CD16+/56+) y Gompubix MOH ominuamuck OT TakoBBIX Y
310poBbIX Jul U OonbHBIX ['B3. ¥V Gomeubix MOH ypoBeHb
nonyisiuun NK-kierokx (CD3-CD16+/56+) Obl1 CHUKEH 1O OT-
HOCHTEJIBHBIM TI0Ka3aTensiM Ha 25% y 50% oOciieoBaHHbIX, a
110 abCOoMOTHBIM NoKasarenam Ha 45% y 75% o0cneoBaHHBIX
B CpaBHEHHMHU CO 370poBbIMH Jinnamu (p<0,05). B otauuue ot
HHUX y 6onbHBIX I'B3 ypoens nmomymsiuun NK-kierok (CD3-
CD16+/56+) O6buT MOBBIIIICH B 2 pa3a B CPaBHCHUH C TIOKa3are-
JISIMH Y 37I0POBBIX JIMII ¥ B 3 pa3a B CPABHEHHUHM C IOKa3aTelsi-
mu 'y 6ombHBIX MOH (p<0,05). ¥V Gonpabix MOH ormeuancs
nucbananc cyotunoB NK-kietok. OtHocuTenbHo oommx NK-
KJIeTOK ypoBeHb cyoTunos NK-kierok nuronuruueckux (CD3-
CD16+(or hight) 56dim) GbL1 MOBBIIIEH, @ TUTOKMHIPOLYLIHPY-
fo1ux (CD3-CD16-(or low) 56bright) - cHIXeH B cpaBHEHUH €O
3n0poBbiMu Jtniamu (p<0,05). Yposens cyotunoB NK-T-kieTok
(CD3+CD16+/56+) ¢ CynepLUuTONUTHYECKOW aKTHBHOCTBHIO
noBbleH y 0onbHbIX MOH B cpaBHEHHH €O 310POBBIMH JIH-
uamu, B cpenHem, B 3,5 paza (p<0,05). Ilocne nmpoBeseHHOrO
XHUPYPruyueckoro yiedeHus Ha 7 cytku y Oombubix MOH Hop-
MaJIM30BaIUCh OTHOCHTENIbHbIE M aOCOJIOTHBIC IOKa3are-
i smmdoruroB u obmmx NK-xierok (CD3-CD16+/56+), a
NK-T — netokx (CD3+CD16+/56) pe3ko MOHU3HUIKCH. YPOBECHb
T-mumdonuto (CD3+) B OTHOCHTENBHBIX MOKa3aTeNsAX OCTa-
BAJICS MO-TIPEXKHEMY HU3KHM. YpoBeHb cyoTuoB NK — kierok
HocJjie Je4eHusl He U3MEHWICS, ypoBeHb NK-Kki1eTok nuronuru-
gyeckux (CD3-CDI16+(or hight) 56dim) ocraBancst BbICOKHM,
a murokuHnpoayuupyromux (CD3-CD16-(or low) S56bright)
HHU3KHUM. I/ICCHC}IOBaHl/Iﬂ IOoKa3aJiu, 4YTO MEXaHU3Mbl BPOXICH-
HOT'O UMMYHHUTETA UIParoT KJIIOUEBYIO pouib B matoreHese MOH.
JlaHHast aTOJNOTUsl XapaKTepU3yeTcs HU3KUM YPOBHEM BPOXK-
JCHHBIX (baKTOpOB 3allUThI, O YEM CBUICTECIILCTBYET CHUKCHUE
o6eit nomysiuun NK—kietok u gucbananc ux cyorunos. Ot-
MeyaeTcsl BbICOKOe cozepkaHue nutonutuyeckux NK-kiaetox
n NK-T-knerox u Huzkoe NK-KIETOK HUTOKUHIIPOMYLHPYIO-
mux. Jlucbanarnc NK-kieTok sIBIsieTCs MOKa3aTeaeM II0XOro
[POTHO3a TEUEHUs] OCTEOHEKpo3a. XHpPypruyeckoe JedeHHe
(OCTEOHEKPAIKTOMHUS) CcHOCOOCTBYeT I(h(PEKTHBHON CaHALUK
U BO3MOXKHOCTH 3aMELICHUs IOCIJICONEPAl[MOHHOIO Je(eKTa.
OnHako B nepuepruuecKoil KpOBU KapAWHAIBHBIX U3MECHCHUN
NK-1uM}OIHMTOB ¥ UX MOATHIIOB HE MPOUCXOIHT, YTO B OTIa-
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JICHHBIH TIepHOJ] MOXKET NIPUBECTH K peruauBaM. COBpEeMEHHBIN
MeToz uccrenoBanus cogepkanust NK-nmumdonnTos u ux cyo-
TUnoB y nanueHtoB ¢ MOH MoxeT ObITh PeKOMEHOBaH JUIs
JIMarHOCTUKH, MPOTHO3a OCJIOXKHEHUH, a TakKe ONpelesCHUs
3(hGEKTUBHOCTH JICUCHUSL.
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DIVERSITY OF TREATMENT OF GENERALIZED PERIODONTAL DISEASES
IN PATIENTS WITH ANOREXIA NERVOSA

Antonenko M., Reshetnyk L., Zelinskaya N., Stolyar V., Revych V.

Bogomolets National Medical University, Institute of Postgraduate Education, Department of Dentistry, Kyiv, Ukraine

Generalized parodontal diseases (GPD) consistently occu-
py one of the leading places in the structure of dental diseas-
es. According to epidemiological researches, these diseases
affect more than 95% of the world’s population over 45 years,
and among people aged 31-44 years, the prevalence of pa-
thology is over 75%, which indicates not only high levels of
morbidity, but also a significant reduction in the patients’age
[4]. In the structure of parodontal diseases, 90% of it are in-
flammatory and dystrophic-inflammatory processes and the
authors note a steady trend towards the predominance of
dystrophic-inflammatory processes over inflammatory ones,
which is a matter of serious concern [5].

Aesthetic dissatisfaction with the condition of the soft tissues
of the parodontium and the inferiority of the dentition begins to
dominate in the human mind, which impairs the quality of life,
makes it impossible to adequately integrate into society. Early
tooth loss significantly affects the adaptive mechanisms of the
entire dental-maxillary system, which ensures the incongruence
of all parts of the masticatory system [3]. The etiopathogenetic
mechanisms of GPD development are not fully disclosed, which
makes it difficult to take preventive measures, as well as to ob-
tain sustainable treatment results.

In the literature, most scientists pay special attention to the
pathogenesis of generalized parodontities (GP) quantitative and
qualitative composition of oral biofilm, the state of immuno-
logical reactivity, local immunity, biochemical changes, genetic
characteristics and diseases of internal organs [1]. Thus, accord-
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ing to many researches, one of the important roles in the devel-
opment of GP is played by the level of immunological reactivity,
which potentiate and cause imbalance, and this factor leads to
premorbid conditions, and later becomes a trigger for disease
development, predeterminating not only its occurrence, but also
determining the clinical features of its manifestation [6].

Many scientists pay special attention to the state of local im-
munity, in particular SIgA (11SIgA), as one of the leading
links in immunological reactivity, based on its opsonizing
properties, the ability to disrupt the attachment of viruses and
microorganisms, and the sufficiency to enzymatic processes
[2]. Other scientists attribute the leading role of salivary lyso-
zyme as a factor that potentiates the production of the secre-
tory component, which is a natural antiseptic that regulates
the blast transformation of lymphocytes, functional activity
of phagocytic elements and causes lysis of not only microor-
ganisms but also tumor cells [7].

Thus, some researchers suggest the affiliation of GP with
rheumatoid arthritis, diabetes, diseases of the gastrointestinal
tract, thyroid and parathyroid glands, diseases of puberty and
menopause [9]. However, a serious disease such as anorexia
nervosa (AN) has been ignored, the prevalence of which is,
uncontrollably, increasing up to 3.6% of the total population,
only a quarter of patients recover completely, 25% of patients
remain chronic for life; for 7-20% of people obsession with
diets and refusal to eat ends in death. Note, that no body sys-
tem due to AN is free from the adverse effects of the disease,



