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TUMOR CELLS MITOTIC ACTIVITY MARKER KI-67 IN ASSESSING THE NEOADJUVANT CHEMORADIOTHERAPY
EFFECTIVENESS IN PATIENTS WITH RECTAL CANCER

Summary. The aim of the study was to determine the expression patterns of protein Ki-67 in colorectal cancer tissue depending on
the pathological characteristics of the tumor and to establish the possible relationship between marker level and the results of
neoadjuvant chemoradiotherapy (NCRT). Ki-67 expression indexes were determined by immunohistochemistry in the biopsy and
surgical material in 18 patients with adenocarcinoma of the rectum stage I-1ll before and after NCRT. It was found that the pre-
treatment level of Ki-67 in cases of poorly differentiated tumors was significantly higher than that of highly differentiated, accounting
for respectively 52,65+4,48 conv. units and 38,01+2,94 conv. units (p<0.001). Under the influence of NCRT the level of Ki-67
expression in the intact intestine decreased slightly. Expression of Ki-67 dramatically reduced to 32,45+1, 19 conv. units (p<0.001)
in the loci of residual tumor parenchyma compared with those before treatment (average level 46,08+3, 14 conv. units) and inversely
correlated with the degree of therapeutic pathomorphosis. Thus, a negative correlation between the expression of Ki-67 after NCRT
and the level of the response to the applied treatment suggests the feasibility of using the Ki-67 definition to monitor the effectiveness
of NCRT during combined and complex treatment of patients with rectal cancer. High expression of Ki-67 in the tumor before
treatment, being characteristic of poorly differentiated tumors, corresponds to the high level of the malignant potential of the tumor.
Key words: rectal cancer, proliferative activity, therapeutic pathomorphosis, chemoradiotherapy.
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MECHANISMS OF PLATELET DYSFUNCTION IN PATIENTS WITH
GASTRODUODENAL ULCER BLEEDING

Summary. Platelet reactivity was estimated in 247 patients with gastric and duodenal ulcer bleeding. Platelet aggregation was
measured using aggregometry with adenosine diphosphate (5 uM), epinephrine (2.5 uM), 5-hydroxytryptamine (10 uM), collagen (1
uM) and thrombin (0.05 NIH/ml). The relationship between platelet aggregation and spatial-temporal characteristics of ulcers
complicated by bleeding were shown. Adrenoreactivity of platelets was associated with terms after beginning of ulcer bleeding and
hemorrhage degree. The lowest platelet response to collagen and thrombin was detected in patients with active bleeding (p<0.001)
and unsustainable hemostasis (p<0.01). Additionally to gender factor, the important determinant of unsustainable hemostasis was
decrease of platelet response to thrombin and adenosine diphosphate.

Key words: gastric and duodenal ulcer, bleeding, hemostasis, platelets.

Introduction

Gastric and duodenal ulcer bleeding is a common cause
of hospital admission and life-threatening medical
emergency [Laursen et al., 2012]. Recent studies of clinical,
laboratory and endoscopic features of peptic ulcers and their
complications have revealed the wide list of factors which
are associated with this pathology [Bratanic A. et al., 2012].
The most widely known risk-stratification tool for
gastroduodenal bleedingis the Rockall scoring system [Marmo
etal.,2010]. It represents anaccurate and validated predictor
of rebleeding and mortality [Jensen, 2012]. This approach
is perfect for short-term management of GDB, but not in
development of novel strategy of treatment and prevention
of ulcer bleeding. Indeed, the treatment of ulcer bleeding
remains only partly successful, despite the wide use of
endoscopic methods, eradication of H. pylory and progress
inantisecretory therapy [Holster, Kuipers, 2011]. Inour view,
the solution may lie in development of a new approach,
directed on assessment of mechanisms of hemostasis failure

rather than on detection of stigmata of bleeding. The
integrative link of hemostatic system is platelets, which are
the first cells activated in the place of injury, tightly related
with plasma coagulation system, endothelium and connective
tissue homeostasis. These blood cells have numerous
receptors for different molecules, which are involved in
regulation and realization of blood clotting. That is why we
suggested that in vitro assessment of platelet reaction to
different stimuli can be useful for understanding of hemostasis
instability and establishment of pathogenetic mechanisms
of unsustainable trombogenesis after bleeding.

The aim of this paper is to identify factors associated with
risk of unsustainable hemostasis in patients with gastric and
duodenal ulcer bleeding by in vitro assessment of platelet
reactivity.

Material and methods
A cohort study was conducted in 140 patients with a
diagnosis of gastroduodenal ulcer bleeding. Patients
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considered eligible for enrollment had to be over 18 years of
age, suffer from typical symptoms of acute bleeding from
gastric and duodenal ulcers, confirmed by positive upper
gastrointestinal endoscopy. Exclusion criteria were age
younger than 35 years or over 75 years, any allergy to
established medications, coagulopathy, infarction of
myocardium and ischemic stroke in the last 6 months,
pregnancy, cirrhosis or use of a proton pump inhibitor or H2-
receptor antagonist in the 2 weeks prior to enroliment in the
study. The patients with malignant ulcers or trauma were also
excluded. Patients were divided into two groups according to
initial endoscopic data: group 1 with sustained hemostasis;
group 2 with failure of initial hemostasis corresponding to
Forrest classification. It is commonly used when stratifying
patients with upper gastrointestinal hemorrhage into high and
low risk categories for mortality. It is also a significant method
of prediction of the risk of rebleeding. High risk category (with
un-sustained hemostasis) includes Forrest grade | and lla-b
[Chiu, 2010]. Patients who had these endoscopic stigmata
were included into the 2nd group. Low risk lesions (with
sustained hemostasis) correspond to Forrest grade lic and Il
Patients with these endoscopic features belonged to the 1st
group. Whole blood for the in vitro study was sampled from
patients with peptic ulcer bleeding at the moment of hospital
admission before therapy. Blood was collected from the
antecubital vein into plastic syringes containing sodium citrate
at a final concentration of 0.38% with proportion 9:1 and
centrifuged at 200 x g for 20 minutes at 25°C to prepare
platelet-rich plasma (PRP). We evaluated the platelet
aggregation in the presence of different proaggregants as
followed: adenosine diphosphate (ADP; 5 uM), epinephrine
(2.5 uM), 5-hydroxytryptamine (10 uM), collagen (1 uM) and
thrombin (0,05 NIH Unit/ml). The reaction tubes were pre-
incubated for 1 min at 37°C, and then 20 uL of each agonist in
EC50 concentrations were added [BapuHoB 1 gp., 2011;
Barinov at al., 2013]. Measurement of platelet aggregation
with aggregometer was carried out according to the method
previously described [BapuHoB 1 ap., 2006; Lombardi, 2012].
The aggregometer was 490-2D (Chrono-log, USA). Collagen,
ADP, Epinephrine, Thrombin and 5-hydroxytryptamine were
from Sigma (USA).

Data were collected and analyzed using the statistical
package MedCalcversion 12.3 (MedCalc SoftwareInc., 1993-
2012). Descriptive statistics were used to analyze and report
thedata. For presentation of nominal data the % and standard
error (m) were calculated; for presentation of numerical data
the median (Me) and standard error (m) were calculated
[Petrie, Sabin, 2005]. The chi-squared and the rank Kruskal-
Wallis and Dunn's tests were used to determine differences
between patients with sustained and unsustainable
haemostasis. The significance threshold was set at P<0.05.

Results. Discussion

Acute peptic ulcer bleeding occurred in 185 men
(74,9+2,8%), average age 54+1,4 years old and in 62
women (25,1+2,8%), average age 70,2+1,9 years old. One
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hundred and six patients had a bleeding from gastric
ulceration, 128 had duodenal ulcers and thirteen patients
had both gastric and duodenal ulcers. In 130 cases ulcer
bleeding occurred in patients with comorbidities including
the pathology of cardiovascular system, digestive system
diseases and acute inflammatory processes. There were no
gender differences in frequency of cardiovascular pathology
in patients with ulcer bleeding. Disorders of thrombogenesis
were more often in patients with such comorbidities as
cancer, portal hypertension and acute inflammatory diseases.
According toendoscopic characteristics the most often location
of ulcers complicated by bleeding was duodenum (128
patients; 51,8+2,6%), rather than gastric body and pylorus
ulcers (22,2+1,5% and 20,6+1,3% of patients respectively).
In 13 patients (5,3+1,3%) several ulcer were found. However,
location and size of ulcers were not related with the efficacy
of hemostasis. Endoscopic study revealed active bleeding
(F1) in 21 patients (8,5%1,8%); 121 cases (48,9%£3,2%) of
F2aand F2b class; Forrest class 2cin 83 (33,7+3,1%) and F3
in 22 (8,9+1,8%) patients.

There were no significant differences in coagulation
system indexes (p>0,05) and platelet count in patients of
the 1st and the 2nd groups. Nevertheless, analysis of platelet
aggregation has shown the difference in platelet response
to all agonists. Despite the absence of significant links
between collagen- and thrombin-induced platelet
aggregation and ulcer size or location, association of platelet
reactivity with endoscopic characteristics of hemostasis was
found. The lowest platelet response to collagen and thrombin
was detected in patients with F1 (p<0,001) or F2a-b Forrest
classes (p<0,01). The decrease of collagen- and thrombin-
induced aggregation was associated with reversible pattern
of the curve. This fact can be explained by the defect of
platelet degranulation or impairment of secondary agonists
effects. To verify these points we analyzed the platelet
response to ADP and ATP, which are considered to be the
main paracrine factors magnifying the effect of tissue
(collagen) and coagulation system (thrombin) stimuli to
platelets. Interestingly, characteristics of ADP-induced
aggregation in patients with gastroduodenal ulcer bleeding
were similar to thrombin and collagen-induced aggregation
- higher in patients with sustainable hemostasis and low or
absent in cases with recent or active bleeding respectively.
There were significant differences in platelet aggregation
induced by ADP (p<0,01), collagen (p<0,01) and thrombin
(p<0,001) in patients with different state of hemostatis
according to the endoscopic features.

Analysis of purine signaling in platelets has shown the
decrease of ADP-induced platelet aggregation, the degree
of which was associated with different endoscopic
characteristics (p<0,01) and correlated with platelet response
to thrombin (r=0,714; p<0,001) and collagen (r=0,584;
p<0,01). Another association of platelet reactivity with clinical
and instrumental data were shown during analysis of
epinephrineand 5-HT effects. Invitro measurement of platelet
aggregation induced by epinephrine has shown its relation
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with temporal and chronological characteristics. During the first
6 hours after bleeding manifestation, high epinephrine-induced
platelet aggregationnwas observed; later, however, the decrease
of platelet adrenoreactivity was detected. This fact can reflect
the phases of compensatory reaction of sympatho-adrenal system
and time-dependent changes of platelet sensitivity to systemic
regulators after 12 hours after the manifestation of the ulcer
bleeding. There was no significant relation between size,
Forrest class, severity of bleeding and 5-HT-induced platelet
aggregation. Nevertheless, the relation between 5-HT effect
and location of ulcer was shown: the minimal 5-HT-induced
plateletaggregationwas measured in patient with gastric ulcers,
and the highest values (p<0,01) were found in cases of
duodenal ulcer bleeding which were associated with associated
pathology of gastrointestinal tract (p<0,01).

Thus, analysis of functional state of platelet in patients
with gastroduodenal ulcer bleeding allows to establish the
following: 1) variability of platelet response to different agonists
used in EC50. 2) relationship exist between platelet
aggregation and spatial-temporal characteristics of ulcers
complicated by bleeding; 3) platelet reactivity was associated
with different parameters of hemostasis and outcome.

In this work we analyzed in vitro the mechanisms of
hemostasis failure in patients with gastroduodenal ulcer
bleeding. In order to study the mechanisms of unsustainable
hemostasis platelets were chosen as a model. The choice is
explained by the following facts: 1) platelets are the first and
obligatory participants of thrombogenesis [Michelson, 2013];
2) platelet surface is the place for reactions of coagulation
cascade realization, reacts with thrombin and tissue factor
through PAR-1 and PAR-4 [Schlagenhauf et al., 2014]; 3)
platelets are the targets for different systemic factors, involved
in reaction of organism to bleeding, including epinephrine,
norepinephrine, 5-HT and so on [Stalker et al., 2012].
Molecular and functional characteristics of platelets can be
informative in assessment of the individual reactivity of an
organism and the key mechanisms that lead to the defects in
thrombogenesis. According to this concept, we assessed the
efficacy of platelet model for investigation of mechanisms of
platelet dysfunction in patients with ulcer bleeding by in vitro
analysis of platelet aggregation.

Despite the classical postulate that there are four major
risk factors for bleeding peptic ulcers namely Helicobacter
pylori infection, non-steroidal anti-inflammatory drugs
(NSAIDs), stress and gastric acid and that the reduction or
elimination of these risk factors lessen ulcer recurrence and
rebleeding rates, we support another hypothesis. According
to the current theories of ulcerogenesis we suggest that
development of ulcer bleeding and alteration of
thrombogenesis mechanisms, which might determine the
spontaneous resolution of bleeding, are related to the factors
involved both in regulation of haemostasis and inflammation
[Petaja, 2011]. And assessment of platelet aggregation
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induced by different agonists indirectly confirmedthis thought.

In this work we found out that the changes in agonist-
induced platelet aggregation and hemostasis failurein patients
with ulcer bleeding can reflect the role of systemic, tissue,
paracrine and coagulation factors in platelet dysfunction and
failure of thrombogenesis. The specific relations between
platelet response to different regulators and special-temporal
characteristics of ulcers and hemostasis characteristics were
shown. Theresults of platelet aggregation analysis had shown
the significant differences in thrombin induced aggregation
in patients with spontaneously stopped bleeding (1st group)
and active or recent bleeding (2nd group). Really thrombin
is considered to be a potent inductor of platelet aggregation
and in control group it induced high irreversible aggregation.
So reduction of platelet reactivity on this agonist was a big
surprise. Thrombin effect on platelet isrealized through PAR-
1 and PAR-4 which are the most numerous type of receptors
on platelet (1500-2000 per platelet), and additional;y through
GP Ib [BapuHos, Cynaesa, 2012].

Accordingto our results therisk of unsustainable hemostasis
significantly increased with combined failure of platelet
response to thrombin and ADP. It is well known that ADP is a
weak agonist for platelet aggregation that is explained by low
number of purine receptors on platelet surface (near 150 per
platelet) [BapuHoB 1 gp., 2014]. However, ADP release from
dense granules during primary induction and activation of two
types of receptors (P2Y, and P2Y,,) induce potent stimulation
of Gg- and Gi-protein-associated signaling. The latter includes
activation of phospholipase C, inositol-3-phosphate, protein
kinase C, calcium release, inhibition of adenylyl cyclase with
additional stimulation of phosphatidylinositol-3-kinasey, Akt and
Rap 1b, that provide the potent ampilification of primary agonists
(collagen, thrombin et al) effect [Stalker etal., 2012]. The results
of ADP effect are recruitment of new platelets into aggregation
with progression of clot formation and activation of GPIIb-Illa
for fibrinogen links necessary for clot stabilization. Alteration of
platelet response to purines can explain the failure of clot
stabilization (according to endoscopic characteristics of ulcers)
under the high level of fibrinogen on one side and reversible
character of platelet aggregation curve after potent agonist
stimulation on the other side.

Conclusion and perspectives of the further
investigation

Thus, estimation of platelet reactivity in vitro allows
indicating key mechanisms of hemostasis failure in patients
with ulcer bleeding. Additionally to gender-associated factor,
theimportant determinants of unsustainable hemostasis were
a decrease of platelet response to thrombin and ADP.

Further investigation of molecular mechanisms of
abnormal platelet response among patients with ulcer
bleeding could be important for new therapeutic strategy
development.
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MEXAHU3Mbl ANCPYHKUUN TPOMBOLUUTOB Y NALUMEHTOB C KPOBOTEYEHUAMU U3 F3B

FTACTPOAYOAEHANIBHON 30HbI

Pesiome. B pabore rnposeneHa oueHka peakTuBHOCTN TPOMOOUNTOB y 247 nauneHToB C KPOBOTEYEHUSIMU 13 3B Xeslyaka n
ABEHanUaTunepCTHON KULKW. Arperauuio TpoMOoUnToB oueHuBann npu uHaykumm AA® (5 mkM), snuHegppurom (2,5 MkM), 5-
ruapokeutpuntamuHoMm (10 mxM), konnareH (1 mkM) n TpombuHa (0,5 NIH/mi). [NokasaHbl B3auMOCBS3U MEXAY arperaumneni
TPOMOOLINTOB U MPOCTPaHCTBEHHO-BPEMEHHbBIMU XapakTEPUCTUKAMM 5138, OCJIOXHEHHbIX KPOBOTEe4YeHneM. AlpeHopeakTuBHOCTb
TpoMbounTOB bblNIa accounnpoBaHa co Cpokamu Mocse Havyana KpoBOTEeYEeHUS 513Bbl U TSXKECTbIO KPpOoBOTe4YeHus. Hanbonee
HU3KWUV OTBET TPOMOOLMTOB Ha KO/IIareH v TPOMOUH Oblyl 3apPervucTpupoBaH y NaLUneHToB C aKTUBHbIM KpoBoTeveHnem (p<0,001)
U npu HectabuibHoM remoctase (p<0,01). BaxHbIMu AETEPMUHAHTAMKU HEYCTONYNBOIrO remMocTasa, noMumMo rosa, siB/seTcs
CHVIKEHUE peakumsi TPOMOOLMTOB Ha TPOMOUH 1 aaeHo3nHAngocdar.

KnioueBble cnoBa: s3Ba xenyaka v ABEeHaAUaTUurnepCTHOU KULLKY, KPOBOTEYEHNE, reMocTas, TPOMOOLNTbI.

Cynaesa O.H.

MEXAHISMWU ANCOYHKUIT TPOMBOUMUTIB Y MALIEHTIB 3 KPOBOTEYEIO 3 BUPA30OK
FACTPOAYOOEHANBHOI 30HU

Pesiome. Y poboTi nposeneHa oLiHka peakTUBHOCTI TpoMOounTIB y 247 nauieHTIB 3 KpOBOTe4YaMy 3 BUPA30K LLJIyHKa Ta ABaHaaLs-
TUNanoi kLK. Arperawito TpomoounTiB ouiHoBamm rpu iHaykuii AA® (5 mxM), eniHegppuHom (2,5 MkM), 5-riappokcuTpuntamiHom
(10 mkM), konareH (1 mkM) i Tpom6iHom (0,5 NIH/mn). lNoka3aHO HasiBHICTb B3aEMO3B'A3KY MiX arperauieo TooMoounTiB i
1POCTOPOBO-XPOHOIOMNYHUMM XapPaKTEPUCTUKAMU BUPA3KOBOIrO MPOLIECY, YCKAGAHEHOrO KPOBOTEYE. ANPEHOPEAKTIBHICTL TPOM-
60UNTIB AMHAMIYHO 3MIHIOBA1acs BiArNoBiAHO A0 TEPMIHIB Bi MaHigecTaLlii Bupa3koBOi KpOBOTeYi Vi KopesitoBasa 3 TSXKICTIO KPOBO-
Te4i. HauibinbLl HU3bKa BiArnoBiab TPOMOOUMTIB HA KOIareH i TPoMOiH byia 3apeecTpoBaHa y nalieHTiB 3 akTUBHUM KPOBOTEYEI
(p<0,001) i npu HecTabinbHoMmy remocTtasi (p<0,01). BaxamBumu geTepmiHaHTaMu HECTIFKOro reMoctasy, KpiM CTari, € 3HUXEeH-
HS peakLyisi TPoMbounTIB Ha TPOMOIH | aaeHosuHaAngocgar.

Knio4oBi cnoBa: Bupaska LayHKa Ta ABaHa[UATHUNANO0I KULLKA, KPOBOTEYa, reMocTas, TpoMoounTy.
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