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Pe3iome. HeiiTpoduiibHble IpaHyJIOLHUTHI 00JIaJal0T MIMPOKUM CIIEKTPOM (DYHKIIMOHAJIBHOM aKTUBHO-
ctu. B mocnenHue roabl oocyxkaaeTcs (pyHKIIMOHAIbHAS 3HAYMMOCTh HEUTPOMUIIOB B pa3BUTUU U TCYCHUU
3JI0Ka4eCTBEHHBIX HOBOOOpa3oBaHuii. [IokazaHo, 4TO IIpU OMYXOJEBOM POCTE HEUTPOMUIbHBIE TPAHYJIOLI -
TBhI MOTYT UTPATh TBOSIKYIO POJIb, ITPOSIBIISISI ITPO- UJIU IIPOTUBOOITYXOJIEBYIO aKTUBHOCTD. Pe3yibraThl KITMHI-
YEeCKUX U 9KCIEPUMEHTAIbHbIX UCCICAOBAHUI CBUAETEIbCTBYIOT O BO3MOXKXHOCTH IMePEepOrpaMMUPOBAHUSI
HEeUTPOMUIIOB IO BAUSIHUEM (haKTOPOB MUKPOOKpPY:KeHUs. Llesnb nccaemoBaHus — OlLIEHKa CTPYKTYPHBIX
1 (PYHKIIMOHAJIBHBIX OCOOCHHOCTEM HEUTPOMIILHBIX TPAHYJIOIMTOB Y OOJBbHBIX C Pa3HOM CTENEHBIO pac-
MPOCTPAaHEHHOCTU pakKa ropTaHu U ropTaHorioTku. [IpoBeaeHo obciienoBanue 41 mamueHTa (My>XKYUHBI B
BO3pacTe OT 35 10 67 JieT) C BIepBbie BbISIBICHHBIM PAaKOM T'OpTaHU U ropTaHoriaoTku. Ilocie okoHYaTeIb-
HOM BepuGUKAIIMKU IMarHo3a IallMeHThl ObLIM pa3acaeHbl Ha IOATPYIIbl B COOTBETCTBUM C KiaccuduKa-
nueii TNM: mepBylo MOArpYMITY C JIOKAIU30BaHHBIM OITyxoJieBbIM TipoiieccoMm (T, ;N M,) coctaBuiu 14
MalMeHTOB, BTOpasi MOArPYIIa COCTOsUIa U3 27 MallMeHTOB C PaCIIPOCTPAHEHHBIM OIYXOJIEBBIM ITPOLIECCOM
(T;N,,M,). B nepudepuyeckoilt KpoBU OLIEHUBAIN OTHOCUTEIBHOE 1 aOCOJIOTHOE KOJIMUYECTBO HEUTPODU-
JIOB, ompeaessiiu HelTpobuabHo-TuMboiuTapHoe cooTHolieHue (NLR). IMomcuuTeiBaim OTHOCUTEIb-
HOE CoJiepKaHKUe B KPOBU HEHMTPOGWIOB ¢ Pa3HOM CTENEHbIO CETMEHTUPOBAHHOCTH SIAEP, LIMTOXUMUYECKU
OIpEeNeIsIA AKTUBHOCTh KUCIOPOI03aBUCMBbIX 1 KUCJIIOPOJOHE3aBUCMbIX MEXaHU3MOB MUKPOOUIIUIHOCTHA
(Muesorniepokcuaa3bl, KATUOHHBIX OEJIKOB, IIeJOYHOI ocdaTasbl U CTEIIEeHb aKTUBALIUU HEHTPO(UIIOB B
HCT-tecte). KoHlieHTpalllio UHTEPJIEKNHA-8 ONPeNessijii ¢ TTOMOIIbI0 UMMYHO(MEPMEHTHOTO aHaIu3a.
BbIsiBI€HO, YTO y GOJIbHBIX PAKOM FOPTaHU U TOPTAHOIJIOTKU Ha (hOHE MOBBIIICHHOMN B CPABHEHUHU CO 310PO-
BbIMM KOHILIEHTPALUM UHTEPJICHKMHA-8 BO3pacTaeT YMCIACHHOCTDb LIMPKYJIMPYIOIINX B KPOBU HEUTPODUIIb-
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HbIX rpanysiouuToB (p = 0,045) u NLR (p = 0,033). B monyasiuu HEUTPOGUIOB MO Mepe pacrpoCTpaHEHUS
OITyXOJIEBOTO IpoIlecca yBEIUUMBACTCS NOJISI KJIETOK, OOJIafaollNX TUIEePCerMEeHTUPOBAHHBIMU SIIPaMU
(p < 0,001) 1 MOBBIIIEHHBIM LIUTOTOKCUYECKUM MOTEHIIMATIOM. BhIsiBIIeHa TIpsiMast KOPPEISILIMOHHAS CBSI3b
cpeaneit cuabl (r = 0,42, p = 0,03) mexay nHaekcom T, oTpaxkaroluM o0beM OITYyXOJIU, U OTHOCUTEIbHBIM
cojiepKaHUeM TUIIepCerMeHTUPOBAaHHBIX HETpoduaoB. Ha ocHOBaHMY pe3yIbTaTOB HACTOSIIETO UCCIIEN0-
BaHUSI MOXHO yTBEPXKIaTh, YTO TaKOW MPOCTOM M JOCTYIHBIN IIJTIsI aHaJIM3a JJabOpaTOPHBIN MMapaMeTp, Kak
CTeTieHb CEerMEHTAIUM sI/Iep HEUTPOMUIBHBIX TPAHYJIOIIUTOB, MOXET OBITh MCITOJIb30BaH B KAUYE€CTBE OJTHOTO
W13 KPUTEPUEB, MO3BOJISTIONINX OLIEHUBATh U IIPOTHO3MPOBATh OCOOEHHOCTH TEUEHMUSI OITyXOJIEBOTO TTpoIlecca.

Karouesvle croea: pak eopmanu, pak 20pmano2iomu, 00sem onyxoau, Hellmpogusl, cunepceemenmayus s0ep, YumomoxKcuuHoCns
Hetimpogunos, [L-8

HYPERSEGMENTATION OF NEUTROPHIL NUCLEI IN
PERIPHERAL BLOOD OF PATIENTS WITH LOCALIZED
AND ADVANCED CANCER OF THE LARYNX AND
LARYNGOPHARYNX
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Abstract. Neutrophilic granulocytes have a wide spectrum of functional activity. In recent years, the
functional significance of neutrophils in the development and course of malignant neoplasms has been
discussed. It has been shown that neutrophilic granulocytes can play pro- or antitumor activity. The aim of
the study was to assess the structural and functional features of neutrophils in patients with varying degrees of
prevalence of cancer of the larynx and laryngopharynx. Forty-one patients (aged 35-67) with newly diagnosed
cancer of the larynx and laryngopharynx were examined and divided into subgroups according to the TNM
classification: the first subgroup (14 patients) with a localized tumor process consisted; and the second
subgroup (27 patients) with a widespread tumor process. The relative and absolute number of neutrophils
was assessed, and the neutrophil-lymphocyte ratio (NLR) was determined. The content of neutrophils with
varying degrees of nuclear segmentation in the blood was calculated, the activity of myeloperoxidase, cationic
proteins, alkaline phosphatase, and the degree of neutrophil activation in the NBT test was determined
cytochemically. Concentration of interleukin-8 was determined using ELISA. In patients with cancer of the
larynx and laryngopharynx the number of neutrophils (p = 0.045) and NLR (p = 0.033), as well as serum
concentration of interleukin 8 (p = 0.011), increased compared to healthy individuals. The proportion of cells
with hypersegmented nuclei in the neutrophil population (p < 0.001) and cytotoxic potential increased with the
spread of tumor process. A direct correlation (r = 0.42, p = 0.03) was found between the T index, which reflects
the volume of the tumor, and the content of hypersegmented neutrophils. It can be argued that such a simple
and accessible laboratory parameter as the degree of segmentation of the nuclei of neutrophilic granulocytes
can be used as one of the criteria to assess and predict the course of the tumor process.

Keywords: cancer of the larynx, cancer of the laryngopharynx, tumor volume, neutrophil, hypersegmentation of nuclei, cytotoxicity
of neutrophils, IL-8

immune system through phagocytosis, secretory
degranulation, and the formation of neutrophil extra-
cellular “traps” (NETs) [1].

Introduction
Neutrophilic granulocytes (NGs), also called po-

lymorphonuclear or segmented leukocytes, are the
dominant cell population among circulating leuko-
cytes. Their most important function is considered to
be antimicrobial protection implemented in the innate

In recent years, information has appeared that NGs,
along with the phagocytic ability, have a wide variety of
functional activities. It has been shown that neutrophils
are able to produce cytokines, modulate the activity
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of cells in the microenvironment, and thus actively
participate in the pathogenesis of various diseases,
including cancer [, 8]. Relatively recently, it has be-
come clear that neutrophilic granulocytes can play a
dual role during tumor growth, exhibiting either pro- or
antitumor activity [ 1]. The subpopulation of neutrophils
with antitumor properties is commonly referred to as
N1, with protumor properties as N2 [1, 4, 7]. The results
of clinical and experimental studies demonstrate the
ability of neutrophils to transform under the influence
of tumor microenvironment factors [4, 7]. Currently,
close attention of researchers is directed to the search
for morphological, phenotypic, and molecular genetic
markers of pro- and antitumor NGs phenotypes and
to assess the possibility of using these cells as diagnostic
and therapeutic targets [2, 4, 6].

The aim of this study was to evaluate the structural
and functional features of neutrophilic granulocytes
circulating in the blood in patients with varying
degrees of prevalence of cancer of the larynx and
laryngopharynx.

Materials and methods

On the basis of the endoscopic department of
the Research Institute of Oncology of the Tomsk
Research Medical Center of the Russian Academy of
Sciences (Tomsk), 41 patients with newly diagnosed
cancer of the larynx and hypopharynx (men aged 35
to 67 years) were examined before starting antitumor
therapy. After the final verification of the diagnosis, all
patients with cancer of the larynx and laryngopharynx
were divided into subgroups in accordance with the
TNM classification, in which the T (tumor) criterion
characterizes the size of the primary tumor, the N
(nodus) criterion describes the state of regional lymph
nodes, and the M (metastasis) criterion indicates the
presence or absence of distant metastases. The first
subgroup with a localized tumor process (T1-3NOMO)
included 14 patients, the second subgroup consisted of
27 patients with a widespread tumor process (T3N1-
2MO0). As a control group, 55 apparently healthy
individuals (men aged 39 to 69 years) were examined,
for whom the inclusion criteria were: the absence of
malignant and benign neoplasmsin history, the absence
ofchronicdiseasesofthe oropharynxand nasopharynx,
the absence of acute respiratory viral infections within
3 weeks before the examination, sanitized oral cavity
(absence of carious teeth and bleeding gums). All
examined persons underwent the procedure of signing
the informed consent to participate in the scientific and
practical research.

The total number of leukocytes was determined in
the blood and the leukocyte formula was calculated
using a Carl Zeiss Axioskop 40 FL microscope
in the standard mode and the ratio of the relative
number of neutrophils and lymphocytes (Neutrophil-
Lymphocyte Ratio — NLR) was determined. The

percentage of active neutrophils and the intensity
of activation of oxygen-dependent mechanisms of
cytotoxicity were assessed using the NBT-test in the
form of an average cytochemical coefficient (ACC)
according to the L.S. Kaplow [3]. Cytochemically, the
intracellular expression of neutrophil marker enzymes
(myeloperoxidase, alkaline phosphatase) and cationic
proteins involved in the implementation of the
cytotoxic function was determined [3]. In addition,
when analyzing 100 neutrophilic granulocytes, groups
of cells with varying degrees of nuclear segmenta-
tion were identified: 1) cells with nuclei containing
2-3 segments; 2) neutrophils containing 4 segments;
3) neutrophils containing 5 or more segments (hy-
persegmented nuclei). To analyze the structural fea-
tures, the average segmentation coefficient (ASC)
was introduced, which reflects the distribution of
neutrophils with different nuclear morphology. The
average segmentation coefficient was determined by
the formula:

ASC = (1-a+2:-b+3-c)/N,

where a is the relative number of neutrophils with
a nucleus consisting of 2-3 segments; b is the relative
number of neutrophils with a nucleus consisting of 4
segments; c is the relative number of hypersegmented
neutrophils with a nucleus of 5 or more segments; N
is the number of counted cells.

In blood plasma, ELISA was used to determine the
concentration of interleukin (IL)-8, one of the main
chemokines for NG. To determine the concentration
of IL-8, a set of reagents Interleukin-8-ELISA-BEST
(CJSC Vector-Best, Russia) was used.

For statistical analysis of the obtained data, the
software package “SPSS Statistics 17.0” was used.
The results were processed using the Mann-Whitney
U-test and presented as a median and quartiles —
Me (Q,,5-Q,75). Differences between groups were
considered significant at a significance level not
exceeding 0.05. Spearman’s paired correlation
analysis was used to identify the relationships between
the parameters.

Results and discussion

Statistically significant differences in the group of
patients with cancer of the larynx and laryngopharynx
from the group of healthy ones were manifested
in the shift of the leukocyte formula towards the
predominance of neutrophilic cells: 59.00 (54.00-
66.00) % — in patients and 55.00 (51.00-61.00) % in
healthy people (p = 0.045). Changes in the hemogram
were also reflected in the increase in NLR: in the group
of patients, this indicator was 2.12 (1.66-3.00), while
in healthy people it was 1.75 (1.31-2.13), p=0.033. In
the last decade, many publications have appeared on
the change in NLR in cancers of various localizations,
and our data are consistent with the results of other
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authors, who recorded an increase in this indicator in
tumors of various localizations [13].

It should be noted that an increase in the relative
and absolute number of neutrophils in the blood
was noted against the background of an increase
in the concentration of IL-8, the content of which
was 17.36 (15.14-41.45) pg/mL in patients with
cancer of the larynx and laryngopharynx compared
with 10.75 (6.86-32.95) pg/mL in healthy people
(p = 0.011). Information about the increased con-
centration of IL8 in the blood serum of cancer patients
has been presented in recent years in a number of
publications, while the position on the possibility of
using an elevated level of this cytokine as a negative
prognostic criterion in various malignant neoplasms is
very well substantiated [6].

Analysis of the structural features of neutrophils,
conducted in this study, revealed in patients with
cancer of the larynx and laryngopharynx an increased
number of NGs circulating in the blood with four, five
or more segments of the nuclei (Table 1).

The oxygen-dependent cytotoxicity of NGs was
assessed by the results of a spontaneous NBT-test,
reflecting the activity of NADPH oxidase, and by the
activity of myeloperoxidase (Table 2). The relative
number of NBT-positive neutrophils and the average
cytochemical coefficient (ACC) in this test in patients
with cancer of the larynx and laryngopharynx were
increased in comparison with the control group,
mainly due to cells with an average and high degree
of activation (Table 2). Myeloperoxidase activity was
also increased in NGs in cancer patients (Table 2).
Similar features were revealed when assessing
the state of oxygen-independent mechanisms of
neutrophil cytotoxicity: cytochemical coefficients
characterizing the content of cationic proteins and
alkaline phosphatase in patients with laryngeal cancer
exceeded the corresponding values in the healthy
group (Table 2). The ability to implement cytotoxic
reactions is regarded ambiguously when considering

the pro- and antitumor effects of NGs. On the one
hand, this cytotoxicity can be realized in relation to
tumor target cells, on the other hand, it can contribute
to disruption of the structural organization of the
extracellular matrix, abnormal angiogenesis, and
metastasis [2].

Analyzing the relationship between the parame-
ters characterizing the morphofunctional status of
NGs with the clinical characteristics of the tumor
process, determined using the TNM classification,
we found that in the subgroup of patients with
advanced tumor process (T3N1-2M0), the number of
hypersegmented cells (5 or more segments) exceeded
the corresponding indicator patients with localized
cancer of the larynx and laryngopharynx (T1-
3NOMO): (10.0 (7.5-14.5)) % and (4.0 (2.0-8.5)) %,
respectively (p = 0,04). When conducting a paired
correlation analysis, a direct relationship of medium
strength (r = 0.42, p = 0.03) was revealed between the
T index, which reflects the volume of the tumor, and
the relative content of hypersegmented neutrophils.

Currently, the prevailing opinion is that a segmen-
ted nucleus is necessary for neutrophils for accelera-
ted migration into tissues, while the mechanisms and
functional significance of the hypersegmentation
phenomenon are not fullyunderstood [5]. Itisgenerally
accepted that hypersegmented forms of NGs (more
than 5 segments) appear in the blood in pathological
conditions [5]. Nuclear hypersegmentation is one
of the earliest, most sensitive and specific signs
of megaloblastic anemia, and is also observed in
myelodysplastic syndrome, chronic infections,
and conditions associated with a decrease in the
concentration of granulocyte colony-stimulating
factor (G-CSF) [5]. It is well known that NGs are
the first immunocompetent cells migrating from
blood vessels to the area of tissue damage or infectious
inflammation. It has been proven that, due to their
pronounced ability to extravasation and interstitial
migration, NGs, along with the implementation of

TABLE 1. DISTRIBUTION OF NEUTROPHILS ACCORDING TO THE DEGREE OF NUCLEAR SEGMENTATION IN PATIENTS
WITH CANCER OF THE LARYNX AND LARYNGOPHARYNX, Me (Q 25+Q, 75)

Study group
Indicator
Cancer of the Iaryn): and Healthy volunteers (n = 55) P
laryngopharynx (n = 41)
Neutrophils with a moderate degree
of segmentation (2-3 segments), % 48 (36-60) 76 (70-82) p < 0.001
Neutrophils with a high degree of ) )
segmentation (4 segments), % 39 (31-50) 20 (18-29) p < 0.001
Hypersegmented neutrophils (5 and ) }
> segments), % 11 (7-17) 1(0-2) p <0.001
Average segmentation coefficient
(ASC) 1.66 (1.47-1.79) 1.24 (1.18-1.33) p < 0.001

Note. n, the number of examined individuals, p, the level of significance of differences.
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TABLE 2. INDICATORS CHARACTERIZING THE CYTOTOXIC POTENTIAL OF NEUTROPHILS IN PATIENTS WITH CANCER OF

THE LARYNX AND LARYNGOPHARYNX, Me (Q, 55-Qq 75)

Study group
Indicator P
Cancer of the larynx and _
laryngopharynx (n = 41) Healthy volunteers (n = 55)
NBT-positive 20 10 0.042
neutrophils, % (10-30) (10-12) ’
. 0.28 0.12
ACC in the NBT-test (0.13-0.57) (0.10-0.16) 0.003
Myeloperoxidase 1.92 1.58 0010
activity, ACC (1.74-2.12) (1.39-1.80) ’
I . 1.61 1.34
Cationic proteins, ACC (1.44-1.68) (1.22:1.51) 0.039
Alkaline phosphatase, 0.66 0.33 <0.001
ACC (0.61-0.79) (0.25-0.40) '

Note. n, the number of examined patients; p, the level of significance of differences; ACC, the average cytochemical coefficient.

phagocytosis, are actively involved in tissue remode-
ling during wound healing, angiogenesis, tumor
formation, and metastasis [9]. Moreover, neutrophils
very quickly have to switch between different modes
of migration. The segmented nucleus allows cells to
change their shape and easily overcome intercellular
contacts as part of tissue cell layers. However, other
cells with non-segmented nuclei, such as lymphocytes
and monocytes (mononuclear cells), are also able to
migrate into tissues [11]. It is believed that the severity
of segmentation of the NGs nuclei characterizes the
degree of their maturity, and the hypersegmented
nucleus, which has increased flexibility, indicates the
readiness of the cell to complete the life cycle [5].
Interestingly, “old” neutrophils migrate faster to
the sites of inflammation [9]. To date, there is no
unequivocal answer about the functional significance
of hypersegmented neutrophils present in the tumor
growth zone. Experimental studies have shown that
nuclear hypersegmentation, which is a morphologi-
cal sign of more mature neutrophils, is characteristic
of cells with antitumor properties, i.e. for N1-neut-
rophils [4]. At the same time, there is evidence that
the presence of a large number of hypersegmented
neutrophils in tumor tissue is associated with an
unfavorable outcome of oncological diseases [6].
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Yepemucuna O.B. — 0.;m.1., 3a6edyroujas SHOOCKONUUECKUM
omoenenuem, Hayuno-uccaredosamenvckuii uncmumym
onkonoeuu PIbHY «Tomckuit hayuoranvHolil
uccnredosamenvckuil meduyurckuil yenmp Poccuiickoii
axkademuu Hayk», e. Tomck, Poccus

boaovimescxkas M.A. — epau kaunuueckoli 1a60pamopHoiL
OUaeHOCMUKU NAmMoA020-aHaAMOMUYECK020 OMOeneHUs,
Hayuno-uccaedosamenvckuii uHcmumym oHKOAOUU
DIBHY « Tomckuii HAUUOHANBHBLI UCCAC008AMENbCK UL
meduyuHckuil yenmp Poccuiickotl akademuu nayk»,

e. Tomck, Poccus
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