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The effects of NETosis on fibrinolysis in colon cancer patients
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ABSTRACT

Aim. To investigate formation of neutrophil extracellular traps (NETs) and their impact on fibrinolysis in patients
with colon cancer.

Materials and methods. The study was performed in two groups. The experimental group consisted of patients
with stage 2-3 non-metastatic colon cancer (n = 17, average age — 67 years). The control group included healthy
volunteers matched by sex and age (n = 30, average age — 68 years). An experimental model was created from the
whole blood. It included platelet-poor plasma and an isolated culture of neutrophils, previously induced to NETosis
by adding 100 nmol PMA. The samples were incubated for 4 hours, then the test tubes were centrifuged to pellet cells
and their remnants, and the plasma was transferred for subsequent examination. The plasma incubated with intact
neutrophils was used as a control. The levels of interleukin-8 (IL-8) and P-selectin glycoprotein ligand-1 (PSGL-1)
were used to determine the degree of cell activation. NETosis was confirmed by enzyme-linked immunosorbent
assay (ELISA) and fluorescent microscopy. Fibrinolysis was assessed using the thrombodynamics test. The results
were compared with the levels of fibrinolytic system components measured by flow cytometry.

Results. In the control group, NETosis induction contributed to pronounced neutrophil activation that was
accompanied by an increase in the IL-8, PSGL-1, and plasminogen levels, a decrease in PAI-1, and enhancement
of fibrinolysis, compared with the intact samples. Higher levels of IL-8, PSGL-1, plasminogen, and PAI-1 and
intensified fibrinolysis were detected in the intact samples. However, PMA-induced NETosis did not result in an
increase in the degree of activation and significant changes in the given parameters.

Conclusion. NETosis promotes both formation and lysis of fibrin clots. However, in cancer patients, suicidal
NETosis does not contribute to fibrinolysis due to intracellular protease depletion, which may be one of the
mechanisms causing hypercoagulation and insufficient fibrinolysis in cancer.
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MpU pake TO/ICTOro KULLIEYHMKA
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PE3IOME

Hens — myuenne ocobeHHocTel GpopMupoBaHus HEHTPODYMIBHEIX BHEKIIETOYHBIX JIOBYIIEK, a TAK)KE UX BIMSHHS
Ha (UOPUHONN3 Yy JIUII, IMEIOIINX 3JI0Ka4eCTBEHHBIE HOBOOOPA30BaHMUS TOJICTOTO KUIIEYHUKA.

Marepuajbl U MeToAbl. ['pyNIy NAUMEHTOB COCTABWIM JIMLIA C BIEPBBIC BBIABICHHBIM DPaKOM TOJICTOTO
KHLIeYHrKa 2—3-i craguu 6e3 metacTasa (17 4enoBek, cpeiHuid BO3pacT 67 JIeT); KOHTPOIBbHYIO TPYHILY — IOHOPHL,
COIIOCTAaBHMBIE T10 TOJIy M BO3PACTy, HE MMEIOIIHE 3JI0Ka4eCTBEHHBIX omyxoieil (30 uesoBek, cpeqHuil Bo3pact
68 net). I3 nenpHON KPOBHU CO3AJTH HKCIIEPUMEHTAIBHYIO MOJIEIb, BKIIOYABIIYIO OEIHYI0 TPOMOOIUTAMY ILTa3My
KPOBU M H30JMPOBAHHYIO KyJbTYpY HEHTPOGMIOB, IpeABAPUTENBHO HMHAYLHPOBAHHBIX K HETO3y BHECCHHEM
100 amone PMA, nHKYyOUpOBau 4 4, KIIETKH OCAX AU LIEHTPUPYTHPOBAHKEM, IUTa3My OTOHpaIH JUTA JajbHEHIIe-
0 HcCleIoBaHMsl. B kauecTBe KOHTPOJIS UCTIONIB30BAJIHM I1J1a3My, MHKYOUPOBAaHHYIO C HHTAKTHBIMU HefiTpoduiamu.
O cTemeHW aKTUBAIMU KJIETOK CyAwiIM 1o ypoBHIO uHTepneiikuna (IL) 8 m PSGL-1. Heto3 monTtepxmamu
U3MEPEHHEM YPOBHS HYKJIEOCOM U (iyopecieHTHONH Mukpockonueil. OueHky GpuOpHHOIM3a IPOBOJUIN B TECTE
TPOMOOANHAMUKH. Pe3ynbTaThl CONOCTABISUIM C KOHIIEHTPALMEH KOMIIOHEHTOB (pUOPHHOIUTHYECKOI CHCTEMBI,
U3MEPEHHBIX METOJOM IIPOTOYHOH IINTOMETPHH.

Pe3yabTarbl. B  KOHTpone WHAYKIMS HETO3a BBI3BIBACT BBIPAXKCHHYIO AaKTHUBAIMIO HEUTPOQHIIOB,
conpoBoXxatolytocs mnosbieHuemM ypoBus IL-8, PSGL-1, mna3smunorena, cHmwkenuem PAI-1 u ycuneHuem
(ubprHOIN3a, B CPABHCHUU C MHTAKTHBIMH 00pa3iamMu. Y MalHeHTOB 3aHUKCHPOBAH OOJBIIHIA, YeM B TpyIIIe
KoHTpoJIs, ypoBeHb 1L-8, PSGL-1, mnasmunorena, PAI-1 u moka3sareneii puOprHOIN3a B MHTAKTHBIX 00pasiax.
[Ipu >TOM MHAYKIMS HETO3a HE MPUBENA K YBEJIMUEHHUIO CTENEHH aKTHBAIIMU U 3HAYUMOMY M3MEHEHUIO TAaHHBIX
ToKa3aTeJeH.

3axaouenne. ['mbens HeHTpodmIOB ImMyTeM HETO3a B MeCTaX TPOMOOOOpa30BaHUS MOXKET CIIOCOOCTBOBAThH
Kak (opMHpOBaHMIO, TaK M pacTBOpeHHIO (uOpuHOBOro crycrka. OIHAKO y JIHMI[ CO 3JI0KAaYeCTBEHHBIMH
HOBOOOPA30BaHMSIMU «CMEPTENBHBIN» HETO3 HE NPUBOAWT K JIOKAITFHOMY YBEIHYCHHIO (PHOPHHOINTHYECKOTO
MOTEHIIMAJIa BBUY UCTOILIECHHS] BHYTPUKIETOUHBIX PE3EPBOB IIPOTEa3 HEHTPODHUIOB, YTO MOXKET SBIATHCS OXHUM
13 MEXaHU3MOB Pa3BUTHS THUIIEPKOATYIISIMUK U HEJOCTaTOYHOCTH (PUOPUHOIII3a IIPH OHKOIATOIOTHH.

KoroueBble cioBa: pax, HEUTPOQUIbHBIC BHEKJICTOYHBIC JIOBYLIKHM, (HUOPHHOIN3, MMMYHOTPOMOO3, HETO3,
THIEPKOAryJIsILHs.

KoHduuKT HHTEpecoB. ABTOPHI ACKIAPUPYIOT OTCYTCTBHE SBHBIX M ITOTCHIMAJIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNKeil HaCTOSIIEeH CTaThH.

Hcrounuk ¢uHancupoBaHusi. VccienoBanue BbBITIONHEHO mpu (UHAHCOBOW mojaepxkke PDODOU (mpoekT
Ne 19-34-90050).

CooTBeTcTBHE NMPHUHIUNAM JTHKH. Bce manmeHTsl moiamucanu MH(GOPMHUPOBAHHOE COTJacHe Ha ydacTHE B
nccienosanuu. Mcenenosanue onoopeno Y'MA (mpotoxon Ne 86 ot 01.11.2017).

Jist nurupoBanusi: [lapmna A A., [{pi6ukos H.H., Tepemkos I1.I1., Kapasaesa T.M., Makcumens:t M.B. Bin-
SIHUE HeTO3a Ha JIN3UC (PMOPHHOBOTO CI'yCTKA IIPU PaKe TOJCTOTrO KUIICUHHKA. broiemens cubupckoi Meouyunsl.
2021; 20 (4): 25-31. https://doi.org/10.20538/1682-0363-2021-4-25-31.

INTRODUCTION

The effects of NETosis on fibrinolysis in colon cancer patients

The hypercoagulable state and thrombotic events
are known to accompany malignancy. Thrombophilia
in cancer is based on synthesis and release of proco-
agulants by tumor cells, as well as a complex of reac-

tions, including activation of and (or) damage to the
endothelium, activation of platelets and immune cells,
and synthesis of cytokines. Neutrophils, being effec-
tors of innate immunity, are essentially involved in
inflammatory processes and hemostatic responses. In-
deed, neutrophils and NETosis products — neutrophil
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extracellular traps (NETs) — are detected in thrombi of
various localizations [1]. However, in numerous stu-
dies on the prothrombotic properties of NETs [2—7],
the possible role of NETs in fibrinolysis, especially in
cancer, remains understudied [8, 9].

MATERIALS AND METHODS

The study was carried out in two groups. The ex-
perimental group consisted of patients with newly
diagnosed, stage 2—3 non-metastatic colon cancer (n
= 17, average age — 67 years). The control group in-
cluded healthy volunteers matched by sex and age (n
= 30, average age — 68 years). Preliminary selection
of donors was carried out on the basis of a question-
naire. Then, the absence of cancer in the control group
was estimated by the results of a clinical examina-
tion. Measurement of body temperature and complete
blood count were performed in each donor. Donor ex-
clusion criteria were the following: 1) body tempera-
ture > 37 °C; hemoglobin (HGB) < 100 g/1, red blood
cells (RBC) < 3.5 x 10'%/1, white blood cells (WBC) >
10 x 10%1, erythrocyte sedimentation rate (ESR) > 12
mm per hour; 2) intake of anticoagulants / platelet an-
tiaggregants, chemotherapy; 3) acute inflammation or
exacerbation of chronic inflammation, inherited blood
disorders, diabetes mellitus, traumas or surgeries in
the last 6 months.

All patients and healthy donors signed an informed
consent to participate in the study. 25 ml of peripheral
venous blood was collected in tubes with 3.2% sodi-
um citrate solution as an anticoagulant once. To obtain
platelet-poor plasma (PPP), whole venous blood was
centrifuged for 15 min at 1,500 rpm, and then the plas-
ma was taken for repeated centrifugation at 3,000 rpm
for 10 min. 90% of prepared PPP was transferred into
separate tubes.

To isolate neutrophilic granulocytes (NG),
Ficoll — Urographin density gradient centrifugation
was performed (1.077 / 1.093). The granulocyte layer
was transferred into separate tubes, washed with phos-
phate-buffered saline (PBS), and then centrifuged to
pellet cells. The remained red blood cells were lysed
(VersaLyse, Beckman Coulter, USA), isolated neu-
trophils were washed again with PBS, and the super-
natant was discarded. Then, 4 ml of RPMI11640 was
added to the cell pellet and mixed, and a suspension
of isolated neutrophils was obtained. Cell viabili-
ty was assessed by staining with a 0.4% methylene
blue solution; the culture with the viability of at least
98% was used. The number of cells was adjusted to
4.5-6 x 10%ml.

Then 1 ml of the suspension was added into two
separate test tubes and centrifuged to pellet cells. The
culture medium was removed. After that, Sul of PBS
and then 1 ml of PPP were added to the cell pellet
in the first test tube, mixed, and, thus, a suspension
of intact neutrophils was prepared. Sul (100 nm) of
phorbol-12-myristate-13-acetate (PMA) (Sigma Al-
drich, USA) was added to the cell pellet in the second
test tube to induce NETosis, then 1 ml of PPP was
added, mixed, and, thus, a suspension of neutrophils
stimulated for NETosis was obtained. The obtained
samples were labeled in the following way: PPP —
platelet-poor plasma; INT — plasma containing intact
neutrophils; PMA — plasma containing PMA-stimu-
lated neutrophils.

All samples were incubated for 4 hours at 37 °C.
Then the INT and PMA samples were centrifuged to
pellet cells and their remnants, and the plasma was
transferred into separate test tubes for further research.
Each plasma sample was assessed using the thrombo-
dynamics test (HemaCor, Russia): lysis onset time
(LOT; min), lysis progression (LP; %/min), and lysis
time estimation (LTE; min) were recorded. Fibrino-
gen (Fib), plasminogen / plasmin system (PLS), tissue
plasminogen activator (tPA), plasminogen activator
ingibitor-1 (PAI-1), P-selectin glycoprotein ligand-1
(PSGL-1), and IL-8 in each plasma sample were de-
termined using multiplex assay kits (Human Throm-
bosis Panel, BioLegend, USA; Human Fibrinolysis
Panel, BioLegend, USA) by flow cytometry. NETosis
induction was estimated by the level of extracellular
DNA (ecDNA), measured by ELISA (Cell Death De-
tection Kit ELISAP", Roche, Germany). Additionally,
NETs were visualized using fluorescence microscopy.

For this purpose, 1 ml of prepared INT and PMA
samples were placed into the Poly-L-Lysine-coated
(Sigma Aldrich, USA) cell culture plates and incubated
at 37 °C for 4 hours. After that, the plates were washed
with PBS three times, the adherent cells were stained
with SYTOX Green (Beckman Coulter, USA), and
NETSs were visualized using the ZOE Fluorescent Cell
Imager (BioRad, USA), green channel, objective x20.

Statistical processing of the results was performed
using Microsoft Excel and Statistica 10 (StatSoft Inc.,
USA) software. The data obtained are presented as the
median and the interquartile range Me [Q; Q,]. The
Wilcoxon signed-rank test was used to compare the
results within the groups, and the Mann — Whitney
U-test was used for comparison between the experi-
mental and control groups. The differences were con-
sidered significant at p* < 0.05.
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RESULTS

NETosis in the control and experimental groups
was confirmed by an increase in the level of ecDNA
in the PMA samples compared with the INT samples
(p,=0.008 and p, = 0.05, Table). Additionally, mi-
croscopy of NG cultures made it possible to visua-
lize NETs. The figure demonstrates intact neutrophils
and NETs in the control group (a and b, respectively)
and in cancer patients (c and d, respectively). Neutro-
phil-specific IL-8 and free PSGL-1 were considered as
activation markers. The levels of IL-8 and PSGL-1 in
the control group were the highest in the PMA sam-
ples; however, no significant increase in the indicated

molecules in the corresponding plasma samples was
detected in the experimental group (Table). The effect
of NETs on fibrinolysis was evaluated in the control
group: increased LP and reduced LTE were registered
(Table). In the experimental group, no significant
changes in fibrinolysis parameters were recorded.

Changes in the level of NETosis-associated fibri-
nolytic system components were detected in the con-
trol group: a significant increase in plasminogen and
a decrease in PAI-1 were found in the PMA samples
compared with the intact ones. In the experimental
group, changes in the levels of fibrinolytic system
components were not significant (Table).

Figure. Intact neutrophils: in the control group (), in the experimental group (c); neutrophil extracellular traps: in the control group
(b); in the experimental group (d). SYTOX Green staining, objective x20. White arrows mark neutrophil extracellular traps

Table

Parameters of cell activation and the effect of intact and PMA-stimulated neutrophils on fibrinolysis and the level of fibrinolytic system
components, Me [Q,; O.]

P Control group Experimental group
1
arametet Value P, P Value D,
INT 3810.22; 0.4 1 26 [0.18; 0.
ecDNA, 0.38 [0.22; 0.48] 0,008 0 0.26 [0.18; 0.33] 0o1*
oD PMA 0.5 [0.4; 0.6] 0.03* 0.34 [0.26; 0.41]
INT 865 [620.5; 1018.7] 03 781.25 [431.8; 926.5]
PSGL-1, pg / ml 0.01* 0.2
.pg/m PMA 1236.7 [1071.2; 1340.5] 0.05* 791.5 [538.8; 1254.3]
INT 2422 [880.8; 4852.5] 0.7 3150.7 [2007; 5470.8]
IL-8, pg / ml 0.007* 0.6
.pg/m PMA 7836.2 [5422.5; 10786.] 0.07 1677 [1006.8; 7777]
. INT 30.2 [28.3; 40.7] 0.02* 24.8[16.7; 28.6]
LOT 0.7 0.5
» mn PMA 29[28.1; 36.7] 0.01* 24.1[19; 25.5]
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Table (continued)
Control group Experimental group
Parameter p
Value P, Value P,
b o INT 27[2.2;2.9] oope |_0:0003% 8.8[5.1; 12.4] o4
min . B
$ e PMA 3[2.9;3.8] 0.001% 9.2[4.7; 17.1]
. INT 40.6 [36.8; 50.6] 0.002% 16.9 [12.6; 22.4]
LTE 0.02% 0.8
i PMA 352 [27.8; 37.1] 0.001% 16 [12.4; 24.8]
INT 547.1 [475; 732.5] 0.007% 805.1 [783.7; 825.6]
PLS, meg/ml 0.008* 0.9
- e PMA 767.7 [662; 864-1] 0.7 820 [787.9; 845]
INT 63.5 [61.6; 64.7] 0.0001* 440.5 [227.5; 607.75]
tPA, pg/ml 0.4 0.5
, pg/m PMA 61.3 [59.7; 65.7] 0.0001* 389.7 [247; 672]
INT 2101.5 [508; 2681.3] 0.001* 6376.2 [5258.5; 9428.8]
AL-1, pg/ml 0.008* 0.6
. pg/m PMA 1328.2 [1044.4; 2157 8] 0.0002% | 7956.7 [5332.5; 10645.6]
‘ INT 2882.7 [1877.3; 3142.6] 0.04% 3203.4 [2749.6; 6229.9]
Fib, mcg/ml 0.9 0.6
15 megm PMA 2355.8 [1745; 3206.6] 0.08 3384.7 [2723.7; 8997]

Note: INT —plasma sample after incubation of intact neutrophils; PMA — plasma sample after incubation of PMA-stimulated neutrophils; ecDNA —
extracellular DNA, OD — optical density; p — level of statistical significance between the control and experimental groups (Mann — Whitney U-test);
p, — level of statistical significance between the INT and PMA samples in the control group (Wilcoxon signed-rank test); p, — level of statistical
significance between the INT and PMA samples in the experimental group (Wilcoxon signed-rank test); * — statistically significant difference (at

p<0.05).
DISCUSSION

The results obtained demonstrate different effect
of NETosis induction in the investigated groups.
Lower ecDNA level in the plasma samples in the
experimental group indicates that less neutrophils
underwent NETosis in the presented experimental
model (Table). Presumably, it could be caused by
alteration of intracellular signaling due to predomi-
nance of other signaling pathways. It is known that
cancer cells are capable of regulating the activity of
leukocytes, contributing to tumor progression [10—
14]. Different cytokine microenvironment might be
a factor determining NETosis propensity and (or) the
prevailing signaling pathway (suicidal or vital NE-
Tosis) [15].

PMA induced lytic (suicidal) NETosis accompa-
nied by the release in the plasma of not only chroma-
tin, but also all intracellular proteases, which activate
both the plasminogen system and non-specific prote-
olysis of fibrin. Our previous study [16] demonstrates
failure of NETs-associated fibrin plate lysis in the
presence of the protease inhibitor aprotinin. Besides
a higher number of NETosis-affected neutrophils, a
more pronounced effect of NETs formation on fibri-
nolysis in the control group could be explained by the
ability of the crucial NETosis enzyme PAD4 to modi-
fy the fibrinogen structure. It results in impaired fibrin
formation and changes in its structure [17, 18]. In this
study, altered fibrin structure could be one of the fac-
tors underlying fibrinolysis boost in the PMA samples
in the control group (Table).

No increase in fibrinolysis in cancer patients could
be associated with cell activation failure (low ecD-
NA and PSGL-1), higher concentration and activity
of PAI-1, and prevalence of procoagulant factors in
malignancy. Additionally, in cancer, initially high ac-
tivity of intact neutrophils suggests lower intracellular
protease level due to their fast and persistent release
into the extracellular space, which, therefore, causes
their insufficient increase in suicidal NETosis (that
also concerns IL-8). Considering literature and our
own data, it could be assumed that NETs formed fol-
lowing suicidal or vital NETosis have different effects
on clotting and fibrinolysis due to the differences in
the amount of released chromatin and the final com-
position of extracellular traps, which depends on NE-
Tosis inductor signal [15]. Hence, it is more relevant
to in vivo studies. However, that should become the
objective of further investigations.

CONCLUSION

NETs formation can provide not only a thrombo-
genic effect, implemented due to interactions of nu-
cleosomes with platelets, endothelium, and coagu-
lation factors, but also a fibrinolytic effect, based on
the plasminogen activation system and non-specific
lysis of insoluble fibrin by neutrophil granule protea-
ses, which, along with thrombi phagocytosis by other
leukocyte types, provides final recanalization of blood
vessels. However, cancer disrupts the coagulation / fi-
brinolytic balance. It contributes to thrombophilia by
the development of a local and systemic inflammatory
response, alteration of the NETs formation pathway
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and, therefore, prevalence of prothrombotic effects
of ecDNA over the fibrinolytic activity of NG. When
combined with an increased concentration of fibrino-
lysis inhibitors, it eventually contributes to the deve-
lopment of a chronic hypercoagulable state typical of
cancer.
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