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Killing potential of circulating neutrophils in renal tumors
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Abstract. Relevance. Currently, the study of the role of neutrophils in the development of renal cancer is of considerable
interest. The study of the immunopathogenesis of renal cancer is determined by the need to use combined treatment with
immunotherapy. It is known that neutrophils have both pro- and antitumor properties, which are associated with the level of surface
receptors CD11b, CD16, CD63, CD66b and the killing activity of neutrophils. The aim of the study was to assess the killing
potential of circulating neutrophils in renal tumors. Materials and Methods. The object of the study was circulating neutrophils
of patients with verified renal cancer (n = 74), patients with renal benign neoplasms (n = 18) and conditionally healthy donors
(n = 22). The study of the phenotype of the isolated neutrophils was carried out by flow cytometry. Neutrophil extracellular traps
were counted using the method by I.I. Dolgushin. Results and Discussion. Analysis of the percentage of neutrophil extracellular
traps showed an increase in their number in the groups of patients with renal cancer, both stages I-II and III-IV, relative to the
control group and the group of patients with renal benign neoplasms. An increase in the neutrophil trap index was found in the
groups of patients with renal cancer stages I-II and III-IV relative to the control group and the group of patients with renal
benign neoplasms. When assessing the phagocytic activity and the phagocytic activity index, a significant increase in these
indicators was found in the groups of patients with renal cancer relative to the control group and the group of patients with renal
benign neoplasms. A correlation was found between the percentage of neutrophil extracellular traps (r = 0.438, p=0.001), the
phagocytic activity (r=0.431, p=0.001) and the phagocytic activity index (r=0.507, p=0.001) of neutrophils and the stage of
renal cancer. A significant increase in the percentage of neutrophils expressing CD66b receptors was found both at the initial
and widespread stages of renal cancer relative to the group with renal benign neoplasms and the control group. Multivariate Cox
regression revealed an increase in the risk of renal cancer with an increase in CD66b expression, the neutrophil extracellular traps
index, the phagocytic activity and the phagocytic activity index of circulating neutrophils (R?=0.728, x2=58.1, p=0.001). For
differential diagnostics between renal benign neoplasms and renal cancer, the percentage of CD66b+ neutrophils, the neutrophil
extracellular traps index, the phagocytic activity of neutrophils and the phagocytic activity indexneutrophils demonstrated statistical
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significance together. The area under the curve (AUC) of the model was 0.983, and could be diagnosed with a probability of
94.3% (Spec.=0.889, Sens.=0.962). Conclusion. Thus, an increase in CD66b+ neutrophils and activation of extracellular trap
release indicate an increase in the killing activity of neutrophils in renal cancer. Simultaneous determination of the amount of
CD66b+ neutrophils, the index of neutrophil extracellular traps, phagocytic activity and the index of phagocytic activity can be
used for differential diagnosis between the renal benign neoplasms and renal cancer.
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Introduction

Clear cell renal cell carcinoma (RC) is the most
common type of renal cancer (about 70% of cases).
The leading role in its treatment belongs to the surgical
method. However, already at the time of diagnosis,
a significant proportion of patients are diagnosed with
disseminated RC, which determines the need for com-
bined treatment with immunotherapy [1]. Currently,
the number of studies aimed at studying the role of
neutrophils (Nph) in RC is growing [2, 3]. The ability
of Nph to exhibit both pro- and antitumor properties
has been shown [4].

The level of expression of surface receptors de-
termines the functional activity of Nph. Thus, CD11b,
CD16, CD63 and CD66b allow identifying mature

ONCOLOGY

and activated Nph [5]. Thus, CD11b mediates chem-
otaxis of Nph to the site of inflammation, adhesion,
phagocytosis, respiratory burst and degranulation [6].
CD16 (FcyRII) is a marker of Nph capable of cytotoxic
action, degranulation, oxygen burst and proliferation
[6]. CD66b receptors are expressed by mature, activated
and degranulating Nph [7]. CD11b+CD16+ is a sub-
population of mature Nph capable of phagocytosis and
degranulation [8]. The receptors of maturity, activation,
degranulation and cytotoxicity CD16, CD63, CD66b
determine the phenotype of neutrophils, which have
a high capacity to form extracellular neutrophil traps
(NETs) [9].

It is known that NETs play an important role in the
occurrence and development of pathological processes
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[10,11]. While the positive effects of NETs in the fight
against pathogens have already been largely described,
their negative role has also become known, including
in carcinogenesis. NETs can have potential antitumor
effects due to the direct destruction of cancer cells or
activation of the immune system, releasing a number
of cytotoxic substances that destroy tumor cells, block
tumor growth and the formation of metastases [12, 13].
However, many studies indicate that NETSs, ensuring
the spread of tumor cells to organs and tissues, are
capable of exerting a protumorogenic effect and play
an important role in the progression and metastasis of
tumors, including in RC [14]. The phenotype of Nph
is associated with the tumor process and stage, and
can determine the growth and progression of RC [9].
However, this question has not been fully studied.

The aim of this work was to evaluate the killing
potential of circulating Nph in renal tumors.

Materials and methods

The object of the study were circulating Nph of
patients with verified RC (Table 1), conditionally
healthy donors (control group) and patients with renal
benign neoplasms (RBN) (oncocytoma, angiolipo-
ma, renal cyst) (Table 1). Nph were isolated from
leukocyte suspension on a double density gradient of
Ficoll-Verografin solutions. The isolated Nph were
brought to a concentration of 5X 10° cells/ml. The
purity of the Nph fraction was 92-94%. The viability

of Nph in the test with 0.5% trypan blue was 95%.
The phenotype of the isolated Nph was studied by
flow cytometry (BioSino, China) using monoclonal
antibodies (Sony Biotechnology, USA) labeled with
FITC (fluoresceinisothiocyanate), PE (phycoerythrin),
PC5 (phycoerythrin-cyanin 5): CD11b, CD16, CD63,
CD66b, CD95. NETs were counted according to the
method of Dolgushin LI. et al. (2010). The number traps
(NT,%) of neutrophil was determined — the number of
neutrophil traps containing yeast activator cells from
100 counted network-like structures and the neutrophil
trap index (TI, c.u.) —the number of yeast activators in
100 counted traps per 1 structure, phagocytic activity
(PA,%) and phagocytic index (PI, c.u.).

Statistical analysis

The sets of quantitative indicators, the distribution
of which differed from the normal one, were described
using the median (Me) values and the lower and upper
quartiles (Q, — Q,). The statistical significance of the dif-
ferences was assessed using the Mann-Whitney U-test.
To study the relationship between quantitative variables,
the Spearman correlation coefficient was calculated.
To assess the association of the studied indicators and
the degree of differentiation, sensitivity and specificity
were calculated, as well as ROC analysis. Statistical
processing was performed using Statistica v. 13 and
Jamovi 2.3.28 software. Differences were considered
statistically significant at p <0.05.

Table 1
Clinical characteristics of patients included in the study
Group Clinical characteristics Meaning
Age —median (Q,— Q,), years 66 (58-70)
Absolute leukocyte count x10°%/1 7.02 (5.80-8.31)
Absolute neutrophil count x10%/1 3.46 (2.70-4.90)
NLR (Q,- Q.) 1.33(1.01-2.19)
Sex
male 36
Renal cancer,n=74
female 38
Histotype:
Clear cell carcinoma 74
Stage of the disease:
1=l 40
H=1v 34
314 OHKOJ10I 1A
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Ending tabl. 1

Group Clinical characteristics Meaning
Age —median (Q,— Q,), years 68 (56-75)
Absolute leukocyte count x10%/1 4.60 (4.30-5.65)
Renal ben Absolute neutrophil count x10%/I 2.58(2.10-2.68)
enal benign — ~
neoplasms n=18 NLR(Q,- Q) 1.19 (1.18-1.68)
Sex
male 0
female 18
Age — median (Q,— Q,), years 54(52-66)
Absolute leukocyte count x10°%/1 6.10 (5.28-6.88)
Absolute neutrophil count x10%/I 3.30(2.82-3.97)
Control groupn = 22 NLR (Q,- Q,) 1.73 (1.23-1.88)
Sex
male 8
female 14

Note: NLR — neutrophil-lymphocyte ratio.

Results and discussion
During the study, we did not find any significant
change in the absolute amount of Nph in the blood of
patients in the study groups. According to studies [15,
16], NETs are associated with tumor cell proliferation

and affect tumor development. Analysis of the percent-
age of NETs showed an increase in their number in
groups of patients with RC, both I-II and ITII-IV stages
of RC, relative to the control group and the group of
patients with RBN (Table 2).

Table 2

Indicators of neutrophil extracellular traps and phagocytic activity of circulating neutrophils in the study groups, Me (Q,- Q,)

Indicators Control group

Renal benign
(n=22) neoplasms (n =18) 1=l (n = 50)

Renal cancer stage Renal cancer stage

I1-1V(n = 34)

Number traps, % 4.00 (3.00-4.75)

3.00 (3.00-4.00)

5 (4.00-7.00)" 6.00 (5.00-8.00)"

o] - -

p1=0.001, p2 = 0.001 p1=0.001, p2 = 0.001

Index trap, y.e. 1.33(1.00-1.90)

1.55 (1.45-1.60)

1.69 (1.48-1.85)" 1.63 (1.50-2.00)"

p - -

p1=0.007, p2 = 0.022 p1=0.012, p2 = 0.024

Phagocyticactivity, %

13.00 (10.30-12.30) | 7.00 (5.00-11.00)" | 10.00 (8.75-12.30)"

14.00 (10.00-17.00)"

p - p1=0.001 p2=0.006

p1=0.189, p2 = 0.001, p3 = 0.001

Phagocytic activity index, y.e. 0.24 (0.19-0.29)

0.17 (0.07-0.39)

0.26 (0.20-0.39)" 0.32 (0.29-0.36)"

p - -

p2=0.026 p1=0.004, p2 = 0.024, p3 = 0.001

Note: p1 — reliability of differences in indicators from the values of the control group; p2 — reliability of differences in indicators from
the values in the group with benign neoplasms; p3 — reliability of differences in indicators from the values of the previous stage of
renal cancer; reliability of differences according to the Mann-Whitney criterion: * (p < 0.05).
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We also found an increase in IT in the groups of
patients with stages I-II and III-IV RC relative to the
control group and the group of patients with RBN.
When assessing PA and PI, a significant increase in
these parameters was found in the groups of patients
with RC relative to the control group and the group of
patients with RBN. In addition, PA and PI of circulating
Nph changed depending on the prevalence of RC, so
a significant increase in these parameters was noted
in the group of patients at stages III-IV RC relative to
the group with stages I-1I RC. According to previous
studies [17], at the initial stages of lung cancer, NETs
had cytotoxic properties in relation to cancer cells, and
at later stages they demonstrated a pro-tumor effect.
There is evidence that in breast cancer, Nph more ac-
tively form NETs in the presence of a tumor with G3
differentiation than G1 [18]. The formation of NETSs
is one of the mechanisms of “evasion” or shielding
of cancer cells from the antitumor mechanisms of the
immune system [19].

Our data indicate an increase in the ability of circu-
lating Nph to form NETSs, as well as an increase in their
killing activity in groups with RP relative to patients
with RBN and the control group. The correlation we
found between the percentage of NETs (r = 0.438,
p = 0.001), PA(r = 0.431, p= 0.001) and IP (r = 0.507,
p = 0.001) of Nph with the stage of RC may indicate an
increase in their cytotoxic properties depending on the
prevalence of RC. We assessed the expression of sur-
face receptors that determine activation, degranulation,
phagocytic activity and maturity of Nph. A significant
increase in the number of Nph expressing CD66b re-
ceptors was found both at the initial and widespread
stages of RC (Table 3). An increase in the number of
CD66b+ Nph may indicate an increase in activated,
mature, degranulating circulating Nph in patients in
the study groups. There is evidence of an increase in
the number and ability to form IL-1 in CD66b+ Nph
in other types of cancer [20], which is consistent with
the results of our study in RC.

Table 3

Changes in the expression of surface receptors of circulating neutrophils in the study groups, Me (Q,-Q,)

Renal benign neoplasms

(n=18)

Renal cancer stage
I-11 (n = 50)

Renal cancer stage
-1V(n = 34)

93.30 (85.00-93.90)

87.40 (72.64-95.20)

94.40 (73.30-97.90)

2.4 (2.19-2.50)

3.02 (2.51-3.30)

3.27 (2.53-3.38)

83.40 (82.00-89.50)

89.00 (72.20-95.00)

88.30 (61.20-94.40)

2.15(2.11-2.42)

3.08 (2.49-3.31)

3.06 (2.12-2.27)

65.60 (60.10-67.60)

75.70 (62.80-86.90)

70.30 (59.50-79.30)

2.24(2.14-2.51)

2.62 (2.17-3.01)"

2.43 (2.06-2.74)"

p2=0.001

p1=0.012,p2=0.001

78.30 (67.00-98.00)

86.10 (68.30-96.00)

81.30 (35.10-92.00)

2.02 (1.72-2.53)

2.98 (2.36-3.32)

2.81(1.21-3.18)

81.70 (80.30-89.50)

82.00 (64.40-90.60)

86.50 (61.10-93.50)

Indicators Control group (n =22)
b % 89.10 (82.00-90.90)
CD11b*
10%/n 2.94 (2.70-3.00)
% 86.10 (82.00-89.70)
CD16*
10°%/n 2.84 (2.71-2.96)
% 66.50 (57.80-77.20)
CD66b*
10%/n 2.26 (2.18-2.76)
p
% 82.80 (78.10-95.60)
CD63*
10%/n 2.73 (2.58-3.15)
b % 86.30 (77.70-89.40)
CD11b*CD16*
10%/n 2.84 (2.56-2.95)

2.10 (2.07-2.31)

2.84(2.23-3.13)

2.99 (2.11-3.24)

Note: p1 — reliability of differences in indicators from the values of the control group; p2 — reliability of differences in indicators
from the values in the group with benign neoplasms; reliability of differences according to the Mann-Whitney criterion: * (p < 0.05).

Changes in the expression values of CD11b, CD16,
CD63 receptors of circulating Nph in the study groups
were statistically insignificant. In multivariate Cox
regression, an increase in the risk of developing RC was
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revealed with an increase in the expression of CD66b,
TI, PA and the PI of circulating Nph (OR? = 0.728,
x? = 58.1, p = 0.001). In the univariate logistic regres-
sion analysis for the differential diagnosis between renal
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RBN and RC, the following factors showed statistical
significance: the percentage of CD66b+ Nph (OR 0.344
95% CI 0.128-0.559, p=0.002), the TI (OR 9.173 95%
CI 1.474-16.872, p=0.020), PA of Nph (OR 1.555 95%
CI 0.437-2.672, p=0.006) and PIof Nph(OR 42.940
95% CI 12.259-73.622, p=0.006). The area under the
curve (AUC) of the model was 0.983, and RC could be
diagnosed with a probability of 94.3% (Spec.=0.889,
Sens.=0.962) (Figure).

1.00
075
£
0.50 1
=
.-
&
Q
Un 0254
0.00 1
0.00 025 050 0.75 1.00
Specificity

Fig. ROC curve for the regression model of differential
diagnosis of renal cancer and renal benign neoplasms taking
into account the expression indicators of the CD66b receptor,

the neutrophil extracellular traps index, phagocytic activity
and the phagocytic activity index

We found a direct correlation between the change in
the expression of the CD66b receptor and CD16 (r=0.501,
p=0.001), as well as the CD66b receptor and CD63
(r=0.688, p=0.001) in groups of patients with stages I-II
and stages IT1I-IV RC. This may indicate an increase in the
killing activity of neutrophils in the studied groups, since
these receptors are markers of maturity, PA, the ability to
degranulate and form NETs [21].

Conclusion

Thus, an increase in CD66b+ Nph and activation
of extracellular traps release indicate an increase in
the killing activity of Nph in RC. Simultaneous deter-

ONCOLOGY

mination of the amount of CD66b+ Nph, TI, PA and
the PI can be used for differential diagnosis between
RBN and RC.
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AnHoTanmsa. AKmyaabHocmb. B HacTosiee BpeMsi 3HAUUTe/TBHBIA MHTEPeC MPe/CTaB/seT U3yueHHe PO/ HeUTPohuIoB
B pa3BUTHM paka NModku. VccieoBaHne MIMMYyHOTIAaTOreHe3a paka MOYKH OTpe/iesisieTCsl He0OX0[UMOCTBIO UCITIOTb30BaHMS
KOMOMHHPOBaHHOTO JIeUeHHsI C IPUMeHeHHeM IMMYHOTeparnuyy. V3BecTHa criocoOHOCTh HeHTPO(DUIIOB MPOSIBMATH KakK MPO- Tak
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Y TIPOTHUBOOIYXOJIeBble CBOMCTBA, KOTOPBIe CBsI3aHbl C YDOBHEM IOBEPXHOCTHBIX perjenitopoB CD11b, CD16, CD63, CD66b
Y KWJUTMHTOBOM aKTHBHOCTBIO0 HEHTPOGhMIOB. L]eb — OLeHUTh KAJTMHTOBBIN ITOTeHI[Ha/ LIUPKYIUPYIOIMX HEUTPOGHIOB 1Py
OTyXO0JISIX TIOUKH. Mamepua/ibl u Memoobl. OGBEKTOM UCC/IeJOBAHMS IBUIMChH LIMPKY/IMPYHOLIe HeATPOMHUIIbI TIALUEHTOB C
BepU(HULIMPOBAHHBIM PAKOM TI0UKH (1 = 74), MalMeHToB ¢ [06poKaueCTBeHHBIMH HOBOOOPA30BaHUAMH MOUKY (N = 18) U yC/I0BHO
370pPOBBIX ZOHOPOB (n=22). ViccneoBanue (heHOTHIA BbI/|e/IEHHBIX HEUTPOMUIOB POBOAMIA METO/IOM TIPOTOYHOM [IUTOMETDPHH.
IMofcueT BHEK/IETOUHBIX HEHTPO(UIBHBIX JIOBYIIIEK MPOBOAW/IN 110 MeTony doryumHa VLU, Pesyabmambt u obcysicoeHue. AHamm3
TIPOLIeHTa BHEK/IETOUHBIX HeHTPO(H/IbHBIX JIOBYILIEK MTOKa3a/l yBeJMueHHe X KOJIMUeCTBa B IPYIINax NaliieHTOB C paKOM TMOUKH,
Kak [-II, Tak u [II-IV cTapmii OTHOCKTEBHO IPYIIbI KOHTPOJIS Y TPYTINbI MALIMEHTOB € 00poKaueCTBeHHBIMH HOBOOOPa30BaHUSIMHU
MOYKH. Bb110 06Hapy>KeHO TMOBBIILIEHHE UHAEKCA HEMTPODUIBHBIX JIOBYLIEK B TPYIITIaX MallieHToB ¢ pakoM mouku I-II u ITI-TV
CTaiuii OTHOCUTEILHO KOHTPOJILHOM TPYMIIBI U TPYIITBI MALIMEHTOB C A06pOKaueCTBEHHBIMU HOBOOODA30BaHUSIMH TIOUKH. T1pu
OLieHKe (haroLMTapHO aKTUBHOCTH ¥ MHAEKCA (paroLuTapHoi akTHBHOCTH ObII0 0OHAPY)KEHO 3HAYMMOE YBeTUUEeHHE JaHHBIX
TIOKa3aresiel B rPyIirax MalyeHTOB C PAKOM MOUKKU OTHOCHUTETBHO KOHTPOJIBHOM TPYIIBI M IPYTITIbI MALMEHTOB C A06pOKaueCTBeH-
HBIMM HOBOODOpa30BaHUSIMU TIOUKH. OOHapy)XeHa KOppeJSILIMOHHAS CBsi3b MEXK/Y TPOLIEHTOM BHEKJ/IETOUHBIX HEHTPO(MMIBHBIX
soyuek (r=0,438, p=0,001), parorurapHoii akTrBHOCTBIO (r=0,431, p=0,001) 1 uHAEKCOM (harorTapHOI aKTHUBHOCTH
(r=0,507, p=0,001) HeitTporIOB CO CTa/uel paka MOYKH. YCTaHOBJIEHO 3HAYMMOe ITOBBIIIeHHe TTPOLeHTa HeUTPO(dHIIOoB,
3KCIIpeccupyromyx perentopsl CD66b Kak Ha HayasbHBIX, TaK M HA paclipOCTPaHeHHbIX CTAZUsAX PaKa MOUKK OTHOCHUTEIEHO
IPYTIIBI € 106pOKaueCcTBeHHBIMU HOBOOOPA30BaHUSMY TIOUKY U TPYMITbI KOHTPOJISL. B MynbTHBapraHTHOM perpeccun Kokca
BBISIBJIEHO BO3pacTaHUe PUCKa BO3HUKHOBEHHMSI paka IMOUKHU TPY MOBbIIeHNH 3Kcrpeccuu CD66b, nHiekca BHEKIeTOYHBIX
HEUTPO(UIBHBIX JIOBYILEK, arolUTapHON aKTUBHOCTY U MH/IeKCa arouTapHO aKTHBHOCTY LIMPKY/TUPYIOIUX HeUTpoduioB
(R2=0,728, x2=58,1, p=0,001). s auddepeHLaTbHON JUATHOCTHKU MEXAY J0OpOKaueCTBEHHBIMY HOBOOOPA30BaHUSIMU
TIOYKH U PAKOM TIOUKY CTaTUCTHUECKYI0 3HAUMMOCTh IeMOHCTPUPOBAIM CoBMecTHO TipoLieHT CD66b+ HeliTpoduios, nHIeKC
BHEKJ/IETOUHBIX HEUTPO(UIBHBIX JIOBYIIIEK, (arolUTapHON aKTUBHOCTU HeHTPO(dUIOB 1 MHZEKCa (aroluTapHOi akKTUBHOCTH.
Inowans nox kpusokt (AUC) mozenu coctaBuia 0,983, U pak MOYKKU MOT OBbITh JUATHOCTUPOBAH C BEPOSTHOCTBIO 94,3%
(Spec.=0,889, Sens.=0,962). Bbieodbl. Takum 06pa3om, yBesmuenre CD66b+ HEUTPOGUIOB M aKTUBAIUS BEICBOOOXKIEHUS
BHEKJ/IETOYHBIX JIOBYLLIEK CBHU/IETE/ILCTBYET O MOBBILIEHUH KWITMHIOBOM aKTUBHOCTH HeHTPO(hMI/IOB IpH pake Mouku. OJHOBpe-
MeHHOe onpe/iesieHre komdectBa CD66b* HelTpoduioB, MHAEKCa BHEK/IETOUHBIX HEUTPOMHIBHBIX JIOBYILEK, (haroluTapHon
aKTUBHOCTH U MHZEKca (arolyTapHOW akKTUBHOCTH MOYKET UCIOBb30BaThCs AJist AvddepeHLInanbHON AMarHOCTHKY MeXAY
J0OpoKaueCTBeHHBIMH HOBOOOPA30BaHMSIMM TIOUKHM M PaKa ITOYKH.
KroueBble cy10Ba: HeliTpoduibl, pak noukyd, CD11b, CD16, CD66b, CD63, BHeK/IeTOuHble HEMTPODUIBHBIE JIOBYIIKH
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BnarogapHocTy. ABTOpHI BEIpaKatoT OiarogapHocts TopiikoBoii E.H., kaHauaTy 6uonoriuyeckrx Hayk, oLeHTy Hrbkeropogckoro
roCyZapCcTBeHHOTro yHuBepcuteTa nM. H.J. JlobaueBcKoro 3a noMolllb B 0CBOEHUHM METOJVKU UCC/Ie0BaHUS HEUTPOGMHIBHBIX

IPaHy/IOLIMTOB C [TOMOLLbI IPOTOYHOro LiuToMeTpa BioSino.

I/IHd)OPMaI.[I/IOHHOE coryiacue Ha nyﬁnuKaumo — HeTrIpuMeHHMO.
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