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PROXIMAL BRACHIAL MONOMELIC AMYOTROPHY OR HIRAYAMA
DISEASE: NO LONGER AN ALIAS? (case report)

A. Rao
RAMAIAH MEDICAL COLLEGE, BANGALORE, KARNATAKA, INDIA

Background. Brachial Monomelic Amyotrophy (BMMA) has been called as Hirayama disease (HD) when it
is characterized by unilateral distal upper limb weakness and atrophy that shows progression for a limited period
and is associated with typical features on MRI of cervical spine in flexion.

Objective was to explore the differences when BMMA affects the proximal upper limb muscles with the help
of case report.

Methods. A case report of BMMA in an adult Indian male is represented.

Results. A 30-year-old man presented to us with a history of weakness in the proximal aspect of his left
upper limb that began four years ago. The weakness was progressive up until 6 months prior to his presentation
since when the weakness had neither worsened nor improved. Cervical spine contrast enhanced MRI revealed
mild loss of cervical lordosis, but no features of HD like localized cord atrophy, loss of attachment of dura from
subjacent lamina on neutral position axial T2ZWI MRI, nor any presence of posterior epidural crescentic enhancing
mass on flexion contrast sagittal TIWI MRI. The patient was managed with supportive therapy and has been

under regular follow up ever since. His clinical status has been stable.

Conclusions. We support the suggestion to consider proximal Brachial Monomelic Amyotrophy to be a
separate entity and to be distinguished from Hirayama disease that should be reserved for patients with distal
upper limb involvement with cervical MRI findings on flexion studies.

KEY WORDS: Brachial Monomelic Amyotrophy; Hirayama disease; cervical spine flexion MRI.

Introduction

Traditionally Hirayama disease (HD), also
known as Brachial Monomelic Amyotrophy
(BMMA), has been described as a condition
characterized by insidious onset unilateral
upper limb weakness and wasting [1]. HD is
considered to be a focal degenerative motor
neuron disease (MND) affecting the cervical
spinal cord. Though itis considered as a variant
of motor neuron disease, it differs from other
forms of MND, since it clinically involves only
onelimb and, after a brief period of progression,
the neurological deficit becomes static [2].

Recently there have been arguments to
recognize HD and BMMA as separate diseases
with different clinical and neuroimaging featu-
res and therefore possibly different etiopatho-
logies. Hassan K.M. et al. suggested that
“Hirayama disease” should be used for cases
with clinically unilateral upper limb distal
muscle weakness and atrophy with cervical
spine magnetic resonance imaging (MRI)
demonstrating and the typical findings

Corresponding author: Akshay Rao, assistant professor,
department of General Medicine, Ramaiah Medical College,
Bangalore, Karnataka, India.

E-mail: akshayrao19@yahoo.com

highlighted below, restricting the term “brachial
monomelic amyotrophy” for cases of proximal
upper limb atrophy without typical MRI features
of HD [3].

Typical MRI findings in the cervical spine in
Hirayama disease include [3]:

In Neutral position

+ Abnormal cervical curvature (loss of
cervical lordosis).

* Localized lower cervical cord atrophy with
asymmetric cord flattening.

+ Intramedullary hyperintensity in lower
cervical cord.

Flexion position

+ Loss of attachment between posterior
dural sac and subjacent lamina.

« Anterior shifting of posterior cervical
dural wall on flexion with Prominent
epidural flow voids.

+ Enhancing epidural mass in lower cervical
region.

So, we report a case with isolated weakness
and atrophy of proximal left upper limb
muscles, without the typical MRI findings of HD.

Case study

A 30-year-old man, who was a farmer by
occupation, presented to us in July 2015, with

INTERNAL MEDICINE

ISSN 2413-6077. JMMR 2019 Vol. 5 Issue 1

A. Rao

vl



history of weakness in the proximal aspect of
his left upper limb that began four years ago.
The weakness was progressive up until 6
months prior to his presentation since when
the weakness had neither worsened nor
improved. There was no trauma or fever
preceding the onset of weakness, no family
history of similar complaints nor any exposure
to toxins or heavy metals. He denied pain,
numbness, diplopia, dysphagia, ptosis, muscle
cramps, fasciculations, and headache or neck
pain. Examination revealed marked atrophy
and weakness in the proximal aspect of his left
upper limb (Fig. 1).

Fasciculations were noted in the left
deltoid. The left biceps and supinator reflexes
were diminished. The rest of the motor system
examination was unremarkable. Sensory and
cranial nerve examinations were normal.

Electroneuromyography (ENMG) showed
denervation pattern with reduced motor action
potentials and fasciculations in the left deltoid
(Fig. 2).

Motor nerve conduction study showed
reduced Compound Motor Action Potentials
(CMAP) amplitudes in left axillary, musculo-
cutaneous and infraspinatus, but the sensory
nerve conduction was normal. Cervical spine
contrast enhanced MRI revealed mild loss of
cervical lordosis, but no features of HD like
localized cord atrophy, loss of attachment of
dura from subjacent lamina on neutral position
axial T2WI MRI, nor any presence of posterior
epidural crescentic enhancing mass on flexion
contrast sagittal TTWI MRI (Fig. 3). The patient
was managed with supportive therapy and has
been under regular follow up ever since. His
clinical status has been stable.

Fig. 1. Photographs displaying atrophy of the proximal aspect of the left upper limb with loss of contour

of the left shoulder.
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Fig. 3. MRI studies of the cervical spine in flexion failed to demonstrate the typical changes associated with

Hirayama disease.

Discussion

Hirayama disease is a sporadic disease
characterized by wasting and weakness
confined to only one upper limb, initially
progressing for 2-4 years which is followed by
a stationary course, without clinical involvement
of other limbs. There is no cranial nerve,
cerebral, pyramidal tract or sensoryinvolvement.
In upper limb involvement, atrophy of the
medial forearm muscles and the small muscles
of hand are common [4]. EMG is characterized
by fibrillations, positive sharp waves, and
fasciculations consistent with the underlying
pathophysiologic process of denervation [5].
MRI abnormalities in HD have been consistently
reported in studies by Hassan et al., Sonwalkar
et al. and Raval et al. 3, 6, 7].

The debate continues whether HD repre-
sents a focal primary lower MND or a local
consequence of anatomical variation in the
cervical spine [8]. It has been suggested that
an imbalanced growth causes disproportional
length between the patient’s vertebral column
and spinal canal contents, leading to tightening
of dural sac and anterior displacement of
posterior dural wall on neck flexion [9], thereby
compressing the cord against the posterior
margin of adjacent vertebrae producing micro-
circulatory disturbances in the lower cervical
cord resulting in necrosis of anterior horn cells,
gliosis and localized lower cervical cord atrophy,
consistent with pathologic findings on autopsy
[10].

As with any case presenting with unilateral
upper limb weakness and atrophy, there are
other differential diagnoses to be considered
for this patient [11, 12]:

Multifocal motor neuropathy with conduc-
tion blocks involves upper limbs in asymmetrical
manner with predominant distal muscle invol-
vement, atrophy isn’t a prominent feature and
ENMG shows demyelination with conduction
blocks and has high serum titers of anti-GM1
ganglioside antibodies.

In Spinal Muscular Atrophy and motor
neuropathy, such as that due to lead toxicity,
upper limbs involvement is bilateral and
symmetric.

A chronicfocal myositis can be differentiated
by an elevated serum creatine phosphokinase,
and the EMG, and the muscle histologic
features.

Neuralgic amyotrophy or brachial neuritis
is present with characteristic deep shoulder
aching dysesthesia. There is good prognosis
for full recovery.

An entity called “late-progression of polio-
myelitis” merits a comment. In this disease
there are: 1) a definite history of poliomyelitis;
2) residual but stable neurologic deficits; 3) a
quiescent period of ten years or more. Our
patient did not have any history of poliomyelitis
in his past.

Cases of proximal brachial MMA reported
in the literature are very limited, and no such
cases have been shown to have dynamic
compression of cervical cord on MRI. In 2000,
De Freitas M.R.G. et al. published a case series
of brachial MMA patients including one patient
with proximal disease, in whom cervical MRI
was normal [11]. In 2008, Orsini M. et al.
reported two young men with proximal right
upper limb MMA, and both had a normal
cervical MRI [12]. In 2013, Hassan K.M. et al.
also described two young males with proximal
left upper limb MMA with only mild loss of
cervical lordosis on MRI [3]. In 2015, Yoo S.D.
et al. reported a patient with proximal upper
limb atrophy with flexion cervical MRI showing
typical features of HD, but this patient had
certain atypical features such as left deltoid
tenderness and upper motor neuron signs in
ipsilateral upper and lower limbs [13]. In 2017,
Aundhakar S.C. et al. reported a case of right
upper limb wasting and weakness with typical
MRI findings of HD but were involved of
proximal as well as distal upper limb muscles
[14].
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Hence, it appears that proximal brachial
BMMA may thus have a pathogenesis different
from the dynamic ischemia of lower cervical
cord postulated for distal upper limb wasting
of HD. Perhaps such patients need not be
subjected to cervical spine flexion contrast MRI;
an MRI of the cervical spine in neutral position
may suffice to exclude compressive myelopathy
due to other causes.

Amyotrophy to be a separate entity and to be
distinguished from Hirayama disease that
should be reserved for patients with distal
upper limb involvement with cervical MRI
findings on flexion studies. Thus, there is a need
to explore a different pathological mechanism
for Brachial Monomelic Amyotrophy. We also
suggest that performing flexion contrast MRI
of the cervical spine is not necessary in proximal

Brachial Monomelic Amyotrophy patients.

Conclusions
We support the suggestion of Hassan et al.
to consider proximal Brachial Monomelic

Conflict of interest
The author declares no conflict of interest.

IMPOKCHUMAJIBHA INTEHOBA MOHOMEJ/ITYHA AMIOTPO®IA ABO XBOPOBA
XIPASIMA: BUIBIITE HE OJHE I TE K? (KJITHIYHUI BUIIA/TIOK)

A. Rao
RAMAIAH MEDICAL COLLEGE, BANGALORE, KARNATAKA, INDIA

Bctyn. bpaxiansHy mMoHomeniyHy amiompogito (BMMA) wie Hazusarome xeopoboro Xipasma, AKWo 8oHd
Xapakmepu3syemsca 00HObIYHO OUCMAALHOK C1A6KICMI0 8EPXHLOI KiIHYiBKU i ampogiero, AKa npozpecye
npomszom Hegenukoz20 nepiody yacy, a MPT susesnse munoai 03HaKu y WuliHoMy 8id0ini Xpebma y NonoXeHHI
(i020 32UHAHHS.

Mema po6omu docaidumu ocobaugocmi ma 8iOMiHHOCMI nepebi2y Xx8opobu NPU i30/1608AHOMY YPAHCEHHI
NpoKCUManbHO20 8id0iny 8epXHbOI KiHYi8KU HO NPUKAAOi KAiHIYHO20 8UNAOKY.

MeToawn. OnucaHo ma nPoaHaNi308aHO KAIHIYHUL 8UNAOOK bpaxiansHOi MoOHoMeniYHoI amioampoii y
00poC/1020 40/108iKa, Humens IHOI.

PesynbTtaThn. 30-pidHUll 40/108iK 38EPHYBCA 3i CKAp2aMU HA C1A6KICMb ¥ NPOKCUMAIbHOMY 8i0dini nigoi
8epPXHbLOI KiHYi8KU, AKa mpUBaE 61U3b6KO YOMUpPbLOX pokis. Caabkicme npozpecysana npubau3HoO niepoKy nicas
iTnoAesu, 3 mozo 4Yacy - 6e3 3MiH, He cnocmepieanocs Hi No2ipuweHHs Hi NOKpaujeHHs cmaHy pyku. MPT wiuliHo2o
8i00iny 3 KOHMPACMOM 8UABUNAG HEBENUKE CNAOUeHHS WULIHO20 10p003Y, 00HAK He bY/10 8UAB/1EHO MUNOBUX
03HAK X80p0obU XipasMa: 10KANI3080HOI 802HUWEB0I aMPOGii CNUHHO20 MO3KY, 8i0WAPY8AHHS 300H6OI CMIHKU
O0YypanbLHO20 MiWKa 8i0 CMIHOK Xpebyeso20 KaHay 8 HelmpasabHOMY NOAOXCeHHI HO cazimansHux T2BI
306pHCEHHSAX, YU HAA8HICMb 000aMKOBUX MAC-ymeopie Ha 3a0Hili nogepxHi meepdoi Mo3K080i 060/0HKU HA
cazimansHux T2BI 306paxceHHAX MPT npu 32uHaHHI wuliHo20 8id0iny xpebma. layieHmosi 6y10 Npu3HA4eHo
niompumyrody mepanito, 8iH 3HaXo0UMsCA hid pe2yAapHUM ChoCmepexceHHAM Aikapsa. KaiHiyHul cmaH
cmabineHUd.

BUCHOBKW. Ha 0cHO8I aHANI3y KAIHIYHO020 8UNAOKY, MU NIOMPUMYEMO NPONO3UYito po32130amu 6paxiansHy
MOHOMeNiYHy ampo@ito AK OKpeMy H030/102i4HY 00UHUYI, 8IOMIHHY 8i0 xeopobu Xipasma, y nayieHmie 3
YPOX*CeHHAM 8epXHbOI KiHYieKU Ha nidcmasi pe3ynsmamie obcmexceHHA MPT wuliHoz2o 8iddiny xpebma y

Lé NO/I0#EHHI 32UHAHHS.

— K/TKOYOBI C/TOBA: BpaxianbHa MoHoMeniyHa amioTpogisi; xBopoba Xipasma; MPT wwuiiHoro
QE) BiaAiny xpe6Ta y NosI0OXKeHHi 3rMHaHHSA.
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EVALUATION OF SERUM y-GLUTAMYL TRANSFERASE AND ITS
ASSOCIATION WITH HIGH SENSITIVITY C-REACTIVE PROTEIN AND
INSULIN LEVELS IN THE PATIENTS WITH METABOLIC SYNDROME

R. Dharuni'*, B.V. Maruthi Prasad?, H.L. Vishwanth?
1 - SAPTHAGIRI INSTITUTE OF MEDICAL SCIENCES AND RESEARCH CENTRE, BANGALORE, INDIA
2 - BANGALORE MEDICAL COLLEGE AND RESEARCH INSTITUTE, BANGALORE, INDIA

Background. Metabolic syndrome (MS), a collection of cardiovascular risk factors, is a major worldwide
public health problem. The gathered data prove that serum gamma-glutamyl transferase (yGT) activity is a true
marker of atherosclerotic cardiovascular disease (CVD) and is of a prognostic importance as well as the high-
sensitivity C-reactive protein (hs-CRP).

Objectives. In the study, we sought to evaluate serum yGT activity, hs-CRP and insulin resistance in patients
with MS.

Methods. The study involved 50 persons with metabolic syndrome and 50 healthy age and sex matched
controls. Fasting serum samples of all participants were investigated for yGT, hs-CRP, insulin, blood glucose, lipid
profile and liver function tests. Anthropometric measurements and BMI were also calculated

Results. In that case 50% showed significantly high yGT compared to the controls, 30% proved increased
hs-CRP levels above >0.5 mmol/L, whereas 94% of the controls were within the reference range. 74% of cases
revealed the presence of insulin resistance while 32% of the controls showed insulin resistance. High yGT levels
were also observed in that case with deranged lipids levels and high BML

Conclusions. The study suggests that the patients with MS have a higher serum yGT activity. This study also
proves that hs-CRP and HOMA-IR, which are independent risk factors of CVD, are also associated with MS. The
correlation between yGT and the components of MS are also found significant compared to hs-CRP. Thus, yGT
can be considered as an inexpensive and authentic predictor of MS, which can be a manifestation of CVD in near

INTERNAL MEDICINE

future.

Key words: metabolic syndrome; gamma-glutamyl transferase; high sensitivity C-reactive protein;

HOMA-IR.

Introduction

Metabolic syndrome (MS) is defined by a
constellation of risk factors of cardiovascular
disease (CVD), that include abdominal obesity,
dyslipidemia, hypertension, and impaired
glucose tolerance, which increase the risk of
CVD and diabetes mellitus [1]. MS has been
considered as one of the threatening non com-
municable public-health problem globally [2].

Serum gamma-glutamyl transferase (yGT)
has long been considered a harbinger of
hepatic dysfunction and alcohol intake [3].
Recently, accumulating epidemiology studies
have revealed that yGT contributes in several
pathophysiological processes, including oxi-
dative stress and lipid peroxidation, which are
important for pathogenesis and development
of insulin resistance as well as MS [4, 5, 6]. In
addition, when compared with other hepatic
*Corresponding author: Dr. R. Dharuni, Department of Bio-
chemistry, Sapthagiri Institute of Medical Sciences & Research
Centre, Hesarghatta Main road, Bangalore, Karnataka, India

Phone No.: +91-9535101939
Email: dharunii@gmail.com

markers, yGT was the major predictor of type
2 diabetes [7,8,9]. yGT is a possible risk factor
and a prognostic indicator of CVD. Further
information is needed regarding the magnitude
of the risk associated with yGT activity and
individual cardiometabolic disorders. Such a
relationship could help to decipher a high
prevalence of MS.

Perhaps excessive energy consumption,
which leads to obesity, is a more serious and
frequent nutritional problem, but there can be
a gradual and fairly predictable transition from
simple obesity with no observable metabolic
changes through insulin resistance. Insulin
resistance arises from the inability of insulin to
act normally in regulating nutrient metabolism
in peripheral tissues. Increasing evidences of
human population studies and animal research
have established correlative as well as causative
relations between chronic inflammation and
insulin resistance [10]. Chronic, systemic, sub-
clinical inflammation has also been identified
as a driving force for insulin resistance. Since
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hs-CRP is a marker of systemic inflammation,
it might explain the prevalence of insulin
resistance in MS. Nevertheless, the relationship
remains uncertain and has not been well
researched yet. Therefore, the aim of this study
was to examine the associations of serum yGT,
hs-CRP and insulin resistance in the individuals
with MS as well as its components.

Methods

Source of Data

This study was a hospital based cross
sectional study, which comprised metabolic
syndrome patients attending the outpatient
and inpatient Departments of Medicine. The
study was approved by the Local ethical com-
mittee of the institute and the informed con-
sents were obtained from all subjects, who took
part in the study.

Selection of Subjects

All subjects were diagnosed according to
National Cholesterol Education Program, Adult
Treatment Panel III criteria and it required the
presence of 3 or more of the following [2]:
a) fasting blood glucose > 6.105 mmol/L;
b) serum triglyceride >1.71 mmol/L or being on
lipid lowering therapy; c) Serum HDL <
2.220 mmol/L in men and < 2.775 mmol/L in
women or being on antilipidemic therapy;
d) blood pressure >130 mmHg systolic and/or
>85mmHgdiastolic or being on antihypertensive
therapy; and e) waist circumference >102 cmin
men and >88 cm in women. The subjects with
following history were excluded. Alcohol intake
more than 30 g/day (=38 ml of 100% alcohol)
and the patients with smoking history, Hepatitis
B or Cinfection or other known liver diseases,
liver enzymes exceeding the upper reference
range in three times, use of hepatotoxic drugs,
acute infectious/inflammatory conditions, fami-
lial hyperlipidemia, New York Heart Association
class 3-4 heart failure.

Sample size

After consulting a statistician, sample size
was estimated to be 100, with 50 cases and 50
age and sex matched healthy controls.

Type of study: a cross sectional observational
study.

Method of sample collection

The informed consents were taken from the
patients and control subjects. The selected
subject’s blood samples were collected with all
aseptic precautions. 5 ml of blood was collected
from median cubital vein. The collected blood
was allowed to clot for 30 minutes in a clean
drytesttube and was subjected to centrifugation

to separate the serum. The serum samples
were stored in a Deep freezer at -80°C till they
were studied.

The following parameters were considered
appropriate for the study:

1. Serum insulin levels defined by chemi-
luminescence method and insulin resistance by
homeostasis of model assessment of insulin
resistance (HOMA-IR).

2. Serum yGT by colorimetric method.

3. hs-CRP by chemiluminescence method.

4. Renal and liver function tests by colori-
metric method.

5. Lipid profile by enzymatic, colorimetric
method.

6. Fasting blood sugar by hexokinase
method.

7. Measurement of body mass index.

8. To measure waist circumference, top of
right iliac crest was located. A measuring tape
was placed in a horizontal plane around abdo-
men at level of iliac crest. Before reading the
measurements, it was estimated that the tape
was snug but did not compress the skin and
was parallel to floor. The assessment was
performed at the end of normal expiration.

Statistical analysis

Descriptive and inferential statistical ana-
lysis has been carried out during the study. The
results on continuous measurements are pre-
sented on Mean+SD (Min-Max) and the results
on categorical measurements are presented in
Number (%). Statistical processing of the
research results was performed by parametric
analysis with the calculation of Student'’s t-test
using the software package Microsoft EXCEL
5.0. Chi-square test was used to find the
significance of study parameters on categorical
scale between two or more groups. Pearson
correlation between yGT and HOMA-IR and hs-
CRP were performed to measure the strength
between variables and relationships.

Results

The clinical characteristics of the study
population are presented in Table 1. The current
study is a case control study, in which the serum
yGT, hs-CRP and insulin levels were determined
in 50 metabolic syndrome subjects and were
compared with 50 healthy age and sex matched
controls. The results were tabulated and
statistically analyzed.

The metabolic syndrome patients were
diagnosed according to the National Cholesterol
Education Program’s Adult Treatment Panel III
criteria (NCEP ATP III criteria). The study
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Table 1. Clinical characteristics of the study population

Parameters Controls Cases P value
None of the subjects 50 50
Sex (male/female) 18/32 20/30 0.68
Age 50.2+9 51.449.7 <0.05*
BMI (kg/m?) 21.5+3.5 29.6+3.9 <0.001**
Waist circumference (cm) 82.5+10.3 10449.5 <0.001**

Note: the values expressed as mean + SD. t-test was used for groups’ comparison.
The differences in proportions were assessed by means of Chi-square test.

* Suggestive significance (P value P<0.05);
** Strongly significant (P value P<0.001).

population belonged to age group ranging 40-
70 years old, which was similar in the controls
as well. The mean+SD of the cases and controls
were 51.4+9. 7 years old and 50.219 years old
respectively, which suggested that metabolic
syndrome was prevalent in late middle ages.
Waist circumference (WC) and body mass index
(BMI) are the two important anthropometric
measurements among the various definitions
of metabolic syndrome. The study proved the
mean+SD for WCin that case as 104+9.5 cm and
in the controls as 82.5£10.3 cm. And the mean
BMI in that case was 29.58+3.96 kg/m? and in
the controls - 23.14+2.52 kg/m?. Both these
parameters were significantly higher in the
cases with p<0.001.

The biochemical characteristics of the study
population are presented in Table 2. The mean
concentration of fasting blood glucose in the
controls was 4.1+0.93 mmol/L; in that case it
was 6.5+2.1 mmol/L, which was significantly
increased in the subjects with MS. Increased
triacylglycerols and decreased HDL-cholesterol
were potential markers of CVD.

Inthis study, mean Triglycerides in metabolic
syndrome cases was 1.86+0.96 mmol/L and in
the controls, it was 1.41+0.8 mmol/L, which was
significantly higher. HDL-cholesterol levels in
cases were found to be 0.73+0.2mmol/L and
0.96+0.3mmol/L in the controls. The lower HDL-
cholesterol levels in that case was found to be
significant with p<0.005.

The meantSD of yGT in that case was
60.96+45.64 U/L and in the controls
29.78+18.01U/L with a P value <0.001**. The
mean+SD of serum insulin in that case was
29.34+26.94 pIU/ml and in the controls
11.97+5.98 pIU/ml with P value <0.01**, The
mean+SD of hs-CRP in that case was 76.2+47.6
mmol/L and in the controls 27.6+ 11.4 mmol/L
with P value <0.001**. The mean+SD of HOMA-
IR in that case was 9.44+4.39 and in the controls
2.3241.48 with P value <0.001**.

The comparison of yGT, insulin, hs-CRP,
HOMA-IR is presented in Table 3. Pearson
correlation was completed to analyse the
relationship between yGT, hs-CRP and HOMA-IR
in MS cases are as presented in Table 4. yGT

Table 2. Biochemical characteristics of the study population

INTERNAL MEDICINE

Variables Controls Cases P value
Glucose (mmol/L) 4.1+0.93 6.5+2.1 <0.01*
Total cholesterol (mmol/L) 3.8+1.16 4.3+1.38 <0.05*
Triglycerides (mmol/L) 1.41+0.8 1.86+0.96 <0.05*
HDL cholesterol (mmol/L) 0.96+0.3 0.73+0.2 <0.05*
Serum albumin (mmol/L) 36.7+8.2 31.8+7.4 <0.01**
Aspartate aminotransferase (U/L) 19.847.9 24.26+15 0.06
Alanine aminotransferase (U/L) 17+9.7 22.38+12.1 <0.01**
Alkaline phosphatase (U/L) 71.4+25.6 83.5+33.9 <0.05*
Serum phosphate (mmol/L) 1.1+0.2 0.9+0.2 <0.01**
Serum creatinine (umol/L) 61.9+26.5 53.5+0.3 <0.01%*

Notes: the values expressed as mean SD. T-test was used for groups comparison.

* Suggestive significance (P value <0.05);
* Moderately significant (P value <0.01);
** Strongly significant (P value <0.001).
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Table 3. Comparison of y-GT, insulin, hs-CRP, HOMA-IR in both study groups

Parameters Controls Cases P value
y-GT (U/L) 29.78+18.01 60.96+45.64 <0.001**
Insulin (uIU/ml) 11.97+5.98 29.34+26.94 <0.01*
hs-CRP (mmol/L) 27.6+11.4 76.2+47.6 <0.001**
HOMA-IR 2.32+1.48 9.44+4.39 <0.01*

Notes: values expressed as meantSD.

Z-test was used for groups comparison *. Suggestive significance (P value <0.05).

* Moderately significant (P value <0.01);
** Strongly significant (P value <0.001).

Table 4. Pearson correlation of y-GT, HOMA-IR, hs-CRP in metabolic syndrome

Parameters Metabolic syndrome
(n=50)

r value P value
yGT vs HOMA-IR 0.26 0.060+
YGT vs hs-CRP 0.252 0.078+
hs-CRP vs HOMA-IR 0.207 0.15

Notes: + suggestive significance.

showed a positive correlation with HOMA IR
and hs-CRP which was of suggestive significance.

Discussion

MS comprises a group of atherogenic
factors [11]. Besides, the gathered data have
reported of many biochemical and anthro-
pometric parameters associated with MS,
together with parameters of obesity and pro-
ducts released by adipose tissue, plasma insulin
levels, liver enzymes, and CRP [12, 13].

Many epidemiology studies have proved
that circulating serum yGT levels may be
associated with the evolvement and clinical
progression of CVD, even after adjusting for
confounding factor like alcohol consumption
[14, 15]. Although high levels of yGT have been
speculated to be directly atherogenic [16], just
like several other biomarkers for MS, a direct
causation of atherosclerosis remains to be
elucidated. As presented in Table 3, a higher
yGT along with insulin resistance levels in MS
involves a potentially greater risk for subsequent
development of type 2 diabetes.

The increasing evidences have proved that
the circulating yGT, which is primarily syn-
thesized from liver, is a key target organ for
development of MS. A number of studies have
also shown that the serum level of yGT directly
correlates with an increased risk of MS [17]. This
was evidenced by significant correlations
between yGT levels and all MetS components,
independently of age and gender, except for
blood pressure values [18]. Hardly any studies

have proved increased yGT activity in hyper-
tensives, which could be associated with the
relation between yGT and MS [19, 20].

The association between the serum yGT
and hs-CRP (Table 2), which is, as put forward
by Ortegaetal. [21], the low-grade inflammation
in liver caused by hepatic steatosis in MS, could
have caused increase in yGT levels. hs-CRP, an
acute-phase reactant of hepatic origin and a
sensitive marker for systemic inflammation,
predicts the occurrence of diabetes, metabolic
syndrome and atherosclerotic diseases in
healthy subjects [23]. It has been hypothesized
that increased yGT levels might occur before
elevation in CRP, and the related oxidative
stress would give rise to a subsequent inflam_
matory response [24]. Also, fatty infiltration in
liver might have enhanced oxidative stress,
leading to glutathione metabolism with com_
pensatory increase in yGT secretion. As yGT
activity reflects oxidative stress and inflam-
mation, the increased levels can actively predict
the incidence of MS [17].

Many studies have proved the association
between the increased yGT and insulin resis-
tance, as well as the subsequent development
of type 2 DM [14, 19]. The increase of yGT levels
in serum might be as a result of secondary
hepatic inflammation [22].

Conclusions

This study suggests that increased gamma-
glutamyl transferase activity could be
considered as harbinger of low-grade systematic
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inflammation and oxidative stress through among the strongest serum predictors of
mediation of glutathione transport. Current insulin resistance, imminent type 2 diabetes
study contributes to the increasing number of and cardiovascular events.

evidences that gamma-glutamyl transferase

estimation in metabolic syndrome, which is Conflict of interest

simple and inexpensive, could be considered The authors declare no conflict of interest.

B3AEMO3B'A30K MDK IIOKASHHKAMH I'AMMA-T/IIOTAMUITPAC®EPA3H,
BHCOKOYYT/JIHUBOI'O C-PEAKTHBHOTI'O BIVIKA TA PIBHA IHCVJIIHY
YV ITAIIIEHTIB 3 METABOJITYHHUM CHUHAPOMOM

R. Dharuni', B.V. Maruthi Prasad? H.L. Vishwanth?
1 - SAPTHAGIRI INSTITUTE OF MEDICAL SCIENCES AND RESEARCH CENTRE, BANGALORE, INDIA
2 - BANGALORE MEDICAL COLLEGE AND RESEARCH INSTITUTE, BANGALORE, INDIA

Bctyn. Memab6oaidHuli cuHopom (MC), sk cykynHicme ¢akmopie pusuky po3eumky cepyeso-cyouHHUX
3axeoprosaHsb (CC3), € 8aX}1UBOH NPOHAEMOK OXOPOHU 300p08'a. OmpumMaHi 0aHi ceid4ames npo me, wjo
OKMuUgHicMb cupo8amkogoi 2amma-2aromaminmpancepasu (1), y AKocmi Mapkepa amepockaepomuyHo20
npoyecy npu CC3, Mae Npo2HOCMUYHE 3HAYEHHS, IK | NOKA3HUKU 8UCOKOYYMAU8020 C-peakmugHo20 binka (84-
CPb).

MeTa. Jocaioumu akmusHicme cuposamkoegoi 1T, 84-CPb ma iHCyniHope3ucmeHmHicme y nayieHmis 3
Memab6oaiYHUM CUHOPOMOM.

MeTtoawm. JocnidxeHHs skato4ano 50 nayieHmis 3 MC ma 50 300posux oci6. 3pasku cuposamku 6yau e3smi
Y 8Cix ydacHukie Hamujecepye 018 00cnioxeHHs akmusHocmi [T, pieHa 84-CPb, iHCyniHYy, 2/10K03U 8 Kposi,
OYiHKU N1inidHO20 npointo ma nposedeHHs NeYiHKosUX NPo6. TaKOXC 6yAU PO3PAX08AHI AHMPONOMEMPUYHI
NOKA3HUKU ma iHoekc macu mina (IMT).

PesynbTtaTu. Y 50% 00cnidxiysaHuUx 3 MemaboaiyHUM CUHOpOMOM akmueHicme [TT 6yna docmosipHo
8UU40H0 BIOHOCHO KOHMPOLHOI 2pynu, y 30% diazHocmoeaHo nidsuujeHuli pieeHs 84-CPb (suwje >0,5 Mmonb/n),
modi K NOKA3HUKU 94% 0Ci6 KOHMPOALHOI 2pyNU 3HAX0OUAUCSA 8 0iana30Hi HopMU. ¥ 74% sunadkie suseneHo
HOAABHICM®b iHCYIHOpe3uCMeHmMHOCMI y nayieHmie 3 Mema6oaiYHUM cUHOPOMOM, Modi AK y KOHMPOAbLHIl 2pyni
yeli NoKa3HUK ckaas 32%. Bucoka akmusHicme [T makox cnocmepi2anacs npu nopyweHHsX inidHo20 npoginto
ma sucokomy IMT.

BucHoBOK. OmpumaHi Hamu 0aHi cgid4ame, W0 y nayieHmie 3 MemaboaiYyHUM CUHOPOMOM aKMUBHICMb
CUP0BAMKOBOI 2aMMa-21LMAMIAMPAHCHEepa3uU 00CMOBIPHO 8ULLA, NOPIBHAHO 3 KOHMPONLHOK 2PYNoro. TAKOMC
HAMUu 8CMAH08/1eHO, U0 NOKA3HUKU 8UCOKOYYM/1U8020 C-peakmusHo20 b6i/1Ka ma pieeHs iHCyAiHope3ucmeHmHocmi,
AKI € He3a/1eXCHUMU GaKkmopamu pu3uKy cepyeso-cyOUHHUX 30X80PH08AHb, MAKOXC ACOYiOOMbCS 3 MemaboaiyHUM
CUHOpOMOM. BcmaHo81eHO KopensayiliHi 38’a3KU MiXC OKMUBHICMIO 2aMMQA-20MAaMiAMpaHcpepasu ma
8UCOKOYYMIUB020 C-peakmugHo20 BinKa.

TakumM YUHOM, NOKA3HUKU CUPOBAMKOBOI 2aMMa-2/10MAMIAMPAHCHePa3U MOXHA po32Aa0amu K
eKOHOMIYHO 0ocmynHuli ma 0ocmosipHuli npedukmop MemaboiYHo20 CUHOPOMY, Uj0 MOXce hepedysamu nossi
cepyeso-cyoOUHHUX 30X80PIOBAHbL Y HAUBAUNCYOMY MAU6YMHLOMY.

K/TKOYOBI C/IOBA: MmeTa6oni4yHUA CMHAPOM; raMmMa-riTaminTpaHcpepasa; BUCOKOUYTIMBUN
C-peakTuBHWMIA 6inok; iHaekc HOMA-IR (Homeostasis Model Assessment of Insulin Resistance).
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DEATH DUE TO CARDIAC ANGIOSARCOMA: AUTOPSY CASE REPORT

F. Eren, N.T. Inanir, M.S. Gurses, B. Eren*, U.N. Gundogmus, B. Ioan
TOKAT GAZIOSMANPASA UNIVERSITY, TOKAT, TURKEY

Background. Primary tumors of the heart are rarely detected at autopsy, especially angiosarcomas which
are primary malignant one.

Objective. We presented autopsy case of cardic angiosarcoma with morphologic findings.

Methods. We described adult man died in emergency service of the hospital.

Results. Reported case was 33 year-old-man who was died in emergency service of hospital where he was
taken when he was ill after leaving home. According the prosecution documents, and the expressions of family,
it was reported that he had a heart disease; his symptoms repeated 3 day ago before he died, he thought to
attend the Cardiology Clinic due to his symptoms. At autopsy on macroscopic internal examination, mass with
rough surface in the right atrium, hematoma at the posterior of the right atrium, blood in the pericardia, nodular
lesions in hemorrhagic appearance in the sections of lung, liver and spleen were detected. In histopathologic
examination; in the heart angiosarcioma as primary malign heart tumor and metastatic masses in the liver,

spleen and lung were detected.

Conclusions. We aimed to discuss cardiac angiosarcoma case with autopsy and histopathologic findings

in the aspect of medico legal literature.

KEYWORDS: Angiosarcomas; heart; metastatic tumors; autopsy.

Introduction

Primary tumors of heart are rare and they
are revealed with prevalence between 0.0017
and 0.19 percent at autopsy [1]. While 75
percent of primary tumors of heart are benign,
25 percent are malign tumors [2]. Angio-
sarcomas, which are 35-40 percent of primary
malign tumors, are the most common [3, 4].
Primary tumors are mostly developing in the
right atrium and pericardium [5]. Diagnosis of
patients is delayed until tumors become
untreatable and many systemic metastases are
present [4, 6]. The research is aimed to study the
autopsy and histopathologic findings of the
case in medical and legal aspect.

Case Report

The case involves a 33 year-old-man repor-
ted to pass away in the emergency department
of hospital, where he was admitted, when he
gotill after leaving home. In the analysis of the
prosecution documents and according to the
words of family members, it was reported that
he had a heart disease; chest pain repeated 3
days before he died, he thought to attend the
Cardiology Clinic due to the symptoms. In

*Corresponding author: Bulent Eren, MD, Pathologist, Foren-
sic Medicine Specialist, Associate Professor, Tokat Gazios-
manpasa University School of Medicine, Department of Foren-
sic Medicine, Kaleardi Mahallesi, 60030 Tokat, Turkey.
Phone: +903562149444 / 7206,

e-mail: drbulenteren@gmail.com

autopsy external examination, there were no
pathologic findings, except for ecchymosis due
to catheters on the dorsum of the right and left
hands and left inguinal line. In internal exa-
mination revealed mass on the rough surface
of the right atrium (Fig. 1), hematoma at the
posterior of the right atrium, 500 cc free blood
in pericardia, inhemorrhagic nodular lesions in
the sections of lungs, liver and spleen (Fig. 2).

Histopathologically, in sections of heart,
tumoral proliferation of atypical cells, which had
a high mitotic index and spindle-oval nucleus
and infiltrates between myocardial fibers, were
observed. There was diffuse hemorrhagic
necrosis in the myocardial muscle fibers around
tumoral tissue. In lungs, a group of atypical
spindle tumoral cells, which had thin-walled
vessels and were separated from lung paren-
chyma with irregular borders, were observed.
In liver, many extravasated erythrocytes and
tumoral lesions consisting of spindle cells were
evidenced. In spleen, many extravasated
erythrocytes and tumoral lesions consisting of
spindle cells were present. The histopathologic
examinationrevealed angiosarcioma in the
heart as primary malign heart tumor and
metastatic tumors in the liver, spleen and lung.
The toxicological investigations were absolutely
negative. The cause of death was reported as
cardiac angiosarcoma.
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Fig. 1. The arrow shows the mass on the rough sur-
face of the right atrium (arrow).

Discussion

Primary tumors of the heart are rare and
are revealed with prevalence between 0.0017
and 0.19 percent at autopsy [1]. Approximately
three-quarters of primary heart tumors are
benign with atrial myxomas comprising three-
quarters of them [2]. Angiosarcoma is the most
common of malignant cardiac tumors [7].
Cardiac angiosarcomas can be found in right
atrium, left atrium, pulmonary artery, but most
commonly in the right atrium [8], as in our case.

Angiosarcoma is established to be as two-
fold in men, typically between the third and fifth
decade [4, 10] and our case is consistent with
the literature. A study reported that a small
series of heart sarcomas were subjected to a
specific molecular study that proved the
presence of K-ras mutations at codon 13 [11].
In human study mutation of the p53 tumor
suppressor gene was present in cardiac angio-
sarcomas [12]. Cardiac sarcomas are rare but
lethal disease. It is associated with a poor
prognosis and median survival time from 1 to
81 months [6]. Angiosarcoma is associated with
a high rate of hematogenous metastases, most
of this tumors produce systemic metastases at
the time of its detection, most commonly to the
lungs, in addition to the liver, brain, adrenal
glands, and bone [6, 5, 13]. In our case lung,
liver metastases were present compliant with
the literature. In addition, in our case there
were splenic metastasis different from the
literature.

Patients often have non-specific symptomes.
So, it is difficult to diagnose cardiac angio-
sarcoma. Initial findings may include chest pain,
dyspnea, fatigue, cough, heart murmur of
unclear mechanisms, superior vena cava
syndrome, constitutional symptoms, pericardial
effusion, pericardial tamponade, arrhythmias,
non-specific ST changes on ECG [6, 13, 14]
Echocardiography, magnetic resonance image

Fig. 2. The arrow shows hemorrhagic nodular meta-
static lesions in the sections of spleen (arrow).

(MRI) and computed tomography (CT) are used
for diagnosis and systematic evaluation of
cardiac angiosarcoma [15, 16, 17]. Echocar-
diography, transesophageal or transthoracic,
is the main tool for describing the localization
and size of a mass [18]. There is no specific
tissue density that is why the diagnosis of
angiosarcoma is challenging. The histological
examination of fluid taken by pericardiosentesis,
revealed malignant cells. The definitive diag-
nosis of angiosarcoma is biopsy [15, 16]. Several
studies established that infiltration of the
myocardium by spindle cells, hyperchromatic
nuclei, mitotic figures in various stages, giant
cells, including tumor necrosis and hemorrhage
in common areas, negative for cytokeratin,
vimentin and FVIII were revealed as positive
staining by histopathological examination [6,
15, 16]. Ge et al. reported that the tumor cells
in cardiac angiosarcomas were strongly positive
for CD31, CD34, FLI-1, and WT-1 but negative
for AE1/3, D2-40, human herpesvirus 8, and
epidermal growth factor receptor by immu-
nohistochemical method [6].

The rareness of this disease limits gaining
experience for adequate treatment. The the-
rapeutic approach for primary cardiac angio-
sarcoma is surgery, chemotherapy and radio-
therapy, alone or in combination. The initial
treatment is surgery [6, 19].

Conclusions

Primary tumors of the heart are mostly
originating in the right atrium and rarely
observed at autopsy. Angiosarcomas are most
commonly seen primary malign tumors. We
discussed cardiac angiosarcoma case with
autopsy and histopathologic findings in the
aspect of medico legal literature.
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PAIITOBA CMEPTH BHAC/IIZJOK AHI'TOCAPKOMM CEPIIA:
PE3VJIbTATH AVTOIICIT

F. Eren, N. Turkmen, I.M. Serdar Gurses, B. Eren, U.N. GUndogmus, B. Ioan
TOKAT GAZIOSMANPASA UNIVERSITY, TOKAT, TURKEY

BcTyn. [lep8uHHIi nyxauHu cepys ekpali pioko 3ycmpidaromescs npu aymoncisix, 0C061U80 aH2i0CapKomu,
AKI Hanexcams 00 3/104KiCHUX HO8oymeopie.

Mema po6omu npusepHymu yga2y ma 03HalioMumu wupoke K010 Yumayie 3 peyasmamamu aymoncii
ma Mop@0102i4HUMU OAGHUMU NPU QH2I0CAPKOMI Cepys.

MeToau. OnucaHo ma npPoaHAN308aHO pe3yabsmamu aymoncii 0opocsn020 4os108ika, AKUlG nomep y
8id0ineHHi HegidknadHoi donomoau.

KniHiuHni Bunapok. 33-pivyHuli yonoeik nomep y giddineHHi HegidknadHoi donomozu, Kyou 6ye
docmaesneHuli 3 0oMy. 3i cnig pidHUX y Hb020 By/1a X80pPOba cepys, a neped CMepmio NPOMA20M MPLOX OHi8
myp6éysas 6inb y cepyi, 3 Npusody K020 8iH NAAHY8A8 38EPHYMUCA y NiKapHHo. [pu aymoncii euseneHo Hogoymsip
3 WOPCMKOK nogepxHero y npasomMy nepedcepdi, 2eMamomy Ha 3a0Hili cmiHyi npasozo nepedcepds, 500 ma
Kposi y nepukapdi, makoxc 6y/n0 8UsBAEHO 8Y3/108i yME8OPU NpU PO3MUHI f1e2eHs, NeYiHKU ma cesnesiHku. 3a
pe3ynbmamamu 2icmoa02i4Ho20 00CiOXeHHs 8CMAH08/1eHO 0ia2H03 QH2I0CAPKOMU cepys, AK Nep8uHHoi

NyxX/IUHU, 3 MeEMAacmasamu y ne2eHi, NeYiHKy ma cesnesiHky.
BUCHOBKW. OnucaHo pidkicHUl KAiHiYHUG 8unadok aH2i0CapkoMu cepys, eussaeHull NOCMepmHo Ha

aymoncii.

K/THOYOBI C/IOBA: aHriocapkoMa; cepue; meTacTasun; ayaToncis.
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PULMONARY AND INTRACRANIAL RADIOGRAPHIC PRESENTATIONS
OF LANGERHANS CELL HISTIOCYTOSIS

D. Mohammed?*, S.B. Patel
SAINT JAMES SCHOOL OF MEDICINE, PARK RIDGE, IL, USA

Background. Langerhans Cell Histiocytosis is a rare disease that affects 1 to 2 adults per million worldwide
and often consists of systemic manifestations including pulmonary, intracranial and osteolytic lesions and
endocrinologic abnormalities such as Diabetes Insipidus.

Objective. The objective of this case report was to expand the medical literature of this rare disease.

Methods. A case report of a 51-year-old female patient presenting with systemic symptoms as a result of
Langerhans Cell Histiocytosis is presented.

Results. A 57-year-old female presented with epistaxis, fatigue, polydipsia, polyuria, headaches and dyspnea.
After initial x-rays showed multiple lung and liver nodules and the patient suffered subsequently from a unilateral
pneumothorax, an open lung biopsy was recommended. On a pathological basis, the patient was diagnosed with
Langerhans Cell Histiocytosis. This report focuses on the radiological presentations of the manifestations of

Langerhans Cell Histiocytosis, particularly the presentations in the lung and intracranial regions.
Conclusions. Langerhans Cell Histiocytosis is an incredibly rare disease that presents systemically.
Recognizing and differentiating radiographic presentation of these patients is important to determine the need
for confirmation by biopsy and early chemotherapeutic intervention.
KEY WORDS: Langerhans Cell Histiocytosis; FDG-PET (positron emission with "®F-2-deoxy-D-glucose

(FDG); MRI (magnetic resonance imaging); X-ray.

Introduction

Langerhans Cell Histiocytosis is a rare
disorder that affects approximately 1 to 2 adult
patients per million worldwide [1]. Langerhans
Cell Histiocytosis is the accepted terminology
as past references of diffuse reticuloendo-
theliosis, Histiocytosis X, Hand-Schuller-
Christian disease and Letterer-Siwe disease are
no longer used to refer to this pathology. The
Birbeck granule is a characteristic feature of
the Langerhans cell, which has several origins
including monocytes, langerin positive dendritic
cells, monocytes and langerin positive dendritic
cells found in the lymphoid tissues [2]. These
cells go through an induction process where
they resemble the Langerhans cell phenotype
[3]. Evidence for the neoplastic argument lays
in the MAP2K1 and BRAF mutations in the MAPK
pathway [4]. It is a group of disorders of
idiopathic pathology although there has been
much medical debate as to whether this
pathology is neoplastic in nature or inflam-
matory. The pulmonary form of Langerhans
Cell Histiocytosis is prevalent in approximately
*Corresponding Author: Denelle Mohammed, Saint James
School of Medicine, 1480 Renaissance Drive, Suite 300, Park

Ridge, IL 60068, USA.
e-mail: dmohammed@mail.sjsm.org

10% of cases. In addition, pulmonary Langer-
hans Cell Histiocytosis expresses greater levels
of CD207, S100 and CD1a than other pulmonary
diseases [5]. The most common variants of the
pulmonary Langerhans Cell Histiocytosis
include BRAF V600E and MAPK2K1 [5].

Objective. This case report details clinical
evidence and radiographic findings of both the
common intracranial and rarer pulmonary form
of Langerhans Cell Histiocytosis and is an
important work for recognizing presentations
of the disease.

Case Report

A 51-year-old Native American female pre-
sented to the emergency department with a
three-month history of severe headaches,
unresolving epistaxis, weakness, mood swings,
lower back pain, fatigue, dyspnea, polyuria,
polyphagia and polydipsia. The patient’s past
medical history was positive for depression,
nausea, vitiligo and hypothyroidism. She used
Synthroid, Folic Acid, Bupropion and Meto-
clopramide with allergies to Metformin. Family
history was positive for hypothyroidism, hyper-
tension, diabetes, congestive heart failure,
COPD and coronary artery disease. Surgical
history was positive for a hysterectomy, double
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ovarian cystectomy, tonsillectomy and two
C-sections. The patient’s social history was
positive for 25 pack years of tobacco smoking
and social alcohol consumption. Physical
examination revealed a pulse rate of 88 beats
per minute, respiration was 18 breaths per
minute, temperature was 37.5 degrees Celsius
and blood pressure was 113/75 mmHg.

The decision was made to admit her to the
hospital and complete testing secondary to
some of the symptoms she was experiencing.
X-rays were completed for dyspnea and lower
back pain. The chest X-ray visualised multiple
liver and lung nodules and MRI of both areas
was recommended. The lung nodules were
then biopsied endoscopically. Approximately
two days after the lung nodule biopsy, the
patient suffered a pneumothorax and a needle
aspiration was performed. Upon stabilization
and subsequent examination by the pulmo-
nologist, an open lung biopsy was recommended
to be sent for pathological review to a tertiary
care centre. The pathological result showed
CD1a, CD207 and BRAF V600E positive tissue.
She was diagnosed with Langerhans Cell
Histiocytosis and Diabetes Insipidus secondary
to the primary diagnosis. An MRI of the brain
both with and without contrast was performed
where T1 isointense and T2 hyperintense signal
areas in the hypothalamus and pituitary stalk
were visualized. A 4.5 mm x 4.5 mm x 4.5 mm
mass was found in the hypothalamus with an
extension into the pituitary stalk. AT2 weighted
image showed hyperintensity in the pons area
and a thickened and enhanced pituitary stalk.
A PET scan was done where diffuse and patchy
hypermetabolic activity was found in the liver
and spleen consistent with the pathologically
confirmed diagnosis of Langerhans Cell
Histiocytosis. An MRI of the abdomen showed
an intense T2 signal in the portal triads.
Centrilobular pulmonary nodules and hyper-
metabolic activity with lytic lesions in the
sacrum and pelvis were found consistent with
the diagnosis of Langerhans Cell Histiocytosis
confirmed by open lung biopsy. There was the
presence of 4 mm stellate nodules, both
reticular and nodular opacities and honey-
combing at the periphery of the lungs.

Discussion

The hallmarks of Langerhans Cell Histio-
cytosis are well known. These include lytic bone
lesions in particular, which is the most common
manifestation [1]. The jaw, vertebra, ribs, digits
and skull are commonly involved. There can

also be a papular and erythematous rash in the
abdominal and groin area that can resemble a
candida infection, found particularly in pediatric
patients [1]. Oral manifestations of this
pathology include ulcers of the soft mucosa,
gingivitis and oral cavity masses [6]. Additional
symptoms include lymphadenopathy, cystic
hepatic lesions, splenomegaly and sclerosing
cholangitis [7, 8].

Manifestations of the central nervous
system include Diabetes Insipidus secondary
to infiltration of the neurohypophysis, para-
ventricular or supraoptic nuclei as well as
neurodegenerative issues affecting cognition
and ataxia [9, 10]. Diabetes Insipidus is the most
common endocrinological presentation of
Langerhans Cell Histiocytosis found in up to
half of all cases [11]. This is closely followed by
the deficiency of growth hormone [11]. The
pituitary seems to be affected in a multitude of
ways including vasopressin antibodies or
invasion by histiocytes [10]. Diabetes Insipidus
can occur months and even years before a
formal diagnosis of Langerhans Cell Histio-
cytosis is given, similar to this patient’s case
presentation.

The intracranial radiographic changes are
important to note in Langerhans Cell Histio-
cytosis as symptoms such as Diabetes Insipidus
can occur for years before diagnosis. Hence,
the onus is on the physician to determine the
need for further clinical testing based on the
radiographic presentation of this disease and
implement swift chemotherapeutic interven-
tions. Other cranial radiographic changes to
consider include an empty sella, hypertrophied
and atrophied, asymmetrical and hyperintense
enhancement of the anterior pituitary [12]. The
posterior pituitary canshow T1W1 hyperintensity
while the hypothalamus can show enhancement
and lesions [12]. In this particular patient, T2
hyperintense signal areas and T1 isointense
areas were seen in the hypothalamus in par-
ticular (Fig. 2). These hyperintensities also
extended into the pituitary stalk and were
consistent with the patient’'s diagnosis of
Langerhans Cell Histiocytosis (Fig. 2). Other
radiographic changes in the posterior pituitary
in particular, include thickening of the pituitary
stalk and also enhancement of that area with
an absent T1W1 shortening visible [13]. Studies
have shown that manifestations of Langerhans
Cell Histiocytosis in the brain tend to occur in
those areas without a blood brain barrier such
as choroid plexuses, the pineal gland, meninges
and circumventricular organs [14].
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Fig. 1. Chest X-ray exhibiting centrilobular pulmonary
nodules and pulmonary cysts with prominence in
the bilateral upper lobes and reticular and nodular
opacities consistent with Langerhans Cell Histiocy-
tosis.

Fig. 2. A4.5 mm x 4.5 mm x 4.5 mm enhancing hy-
pothalamic mass with extension into the pituitary
stalk consistent with Langerhans Cell Histiocytosis.

Neuroendocrine cells of the hypothalamus
can project outside of the brain and hence can
fall outside the realm of the blood brain barrier
even though the actual hypothalamus is
protected by one [14].

This case report is important since
pulmonary Langerhans Cell Histiocytosis is
uncommon and expanding the medical lite-
rature on this topicis important for radiologists

to determine a possible differential for
seemingly common features seen in other
diseases such as honeycombing, reticular and
nodular opacities. Lung involvement such as
this patient’s recurrent spontaneous pneumo-
thorax and lung nodules are common in those
with Langerhans Cell Histiocytosis [14]. Cent-
rilobular pulmonary nodules with pulmonary
cysts as seen in this patient’s chest X-rays are
radiographic findings that are consistent with
an already pathologically diagnosed Langerhans
Cell Histiocytosis (Fig. 1). Pulmonary involvement
of Langerhans Cell Histiocytosis is a differential
when features such as recurrent pneumothorax
along with Diabetes Insipidus and bone pain
co-occur [15]. Features specific to pulmonary
Langerhans Cell Histiocytosis include nodular
and reticular opacities, cysts in the upper lung
zone along with honeycombing, normal lung
volume, no involvement of the costophrenic
angle and poorly defined or stellate nodules
that may be up to 10 mm in size [16]. Stellate
nodules, honeycombing and nodular and
reticular opacities were also see in this patient
upon histological examination. High resolution
CT of the chest can also show interstitial
thickening, thin-walled cysts and a general
progression from non-cavitating nodules to
cavitating nodules and subsequently cystic
lesions [17]. Further radiologic presentation of
Langerhans Cell Histiocytosis in FDG-PET form
is seen by increased uptake in the lungs and
nodular radiographic patterns [18].

Conclusions

This case report is important for under-
standing the simple radiographic presentations
of an already rare disease. In conclusion,
Langerhans Cell Histiocytosis is an uncommon
disease with wide presentations in various
organ systems. Radiographic recognition of this
pathology can be beneficial to provide further
testing and induction of a swift and proper
therapeutic regimen.
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JIETEHEBI TA IHTPAKPAHIAJIBHI PAAIOTPA®IYHI O3HAKH I'ICTIOLIUTO3Y
3 KIIITHH JIAHTEPTAHCA

D. Mohammed, S.B. Patel
SAINT JAMES SCHOOL OF MEDICINE, PARK RIDGE, IL, USA

Bctyn. Ficmioyumos 3 kaimuH JlaHzep2aHCa - pioKiCHe 30X80PHOBAHHSA, WO ypaxcae 1-2 dopocaux Ha
MinbloH, | Yacmo Mae cucmemHull Xapakmep, 8K/AOHAYU 0CMeonimuYHi npossu ma Heyykposuli diabem
ceped 602amb0X IHWUX KAIHIYHUX CUMNMOMI8.

Mema. O3Haliomumu Yyumadie ma npusepHymu ix ygazy 00 yb020 piOKiCHO20 30X80PHOBAHHS

MeTopu. OnucaHo ma NPoaHaANi308aHO KAIHIYHULU 8unadok 2icmioyumo3sy 3 KnimuH JlaHzep2aHca 3
CUCmMeMHUMU NPOABAMU.

Pe3ynbTaTW. 57-00HOPIYHA HIHKO NOCMYyNUAA 3i CKap2amu Ha HOCO8i Kposomeyi, nocmiliHy emomy, cnpazy,
noaiouncito ma nosiypiro, 20108HUl 6inb, 300UWKY. [TPU NEpWOMy peHM2eH0102i4HOMY 06CMeXeHHI 8UAB/1EHO
YUCAeHHI BY3/1UKU y 1€2eHAX MA NeYiHyi, 0 32000M y NAUIEHMKU p038UHY8Cs 00HObiYHUL nHesMomopakc. icas
yb0o20 6y/s10 pekomMeHO0BAHO nposecmu 6ioNcito sne2eHs. 3a pe3yabmamamu Moppoa02i4H020 06CMexHeHHA
8CMQaH08/eHO 0ia2HO3 2icmioyumo3y 3 knimuH JlaHzepeaHca. OnucaHull HaMu KAiHiYHUG eunadok ¢okycye
y8azy Ha nposAesax xeopobu, AKi 8UABASOMbLCA NPU NPOMeHe8UX Memooax 06CmexeHHs, 0C06UB0 s1e2eHb ma
20/108U (IHMPAKPAHIANbHUX OifIAHOK).

BUCHOBKW. [icmioyumo3 3 kKnimuH JIaH2ep2aHCa ypaxcae yci op2aHU ma cucmemu op2aHiamy. Tunosumu
npos8aMU € ypaxeHHS KICmoK, po38UMmok Heyykpogo2o diabemy 8HACIOOK ypaxceHHA 2inomanamo-2inopizapHoi
0610CMi, Ma HAABHICMb 8Y3/1UKI8 Y 1e2eHAX. 3MIHU, AKI 8USBAAOMbCA NPOMEHe8UMU MemMOoOaMU 06CmedxeHHs,
Ha038UYaliHO 8AXIUSI 015 8CMAHOB/EHHA hompebu y nposedeHHi 6ioncii ma npu3Ha4YeHHs XiMiomepanesmu4Ho20
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NiKyBAHHS.

K/TFOYOBI C/TOBA: TicTioLUTO3 3 KNITUH JlaHrepraHca; no3MTpoHHo-eMiciliHa Tomorpadis (MET)
i3 "8F-PAr (18-pTopAe3okcmrntokosa); MPT (MarHiTHo-pe3oHaHcHa Tomorpadis); peHTreHorpadis.
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ADIPOSE TISSUE AND ITS ROLE IN MICROENVIRONMENT
OF THE COLORECTAL ADENOCARCINOMA CANCER CELL

A.A. Burlaka
NATIONAL CANCER INSTITUTE, KYIV, UKRAINE

Introduction. The mechanisms of adipose-tissue’s influence on tumor progression has been studied a lot,
but the way of interaction of adipocytes with tumor cells have not been well defined until now.

Objective. The aim of this study was to evaluate the mechanisms of adipocytes and tumor cells interaction
under the influence of radiation and chemo-radiation therapy in locally advanced rectal cancer (LARC) patients.

Material and methods. A prospective randomized single-center study was conducted. It involved 110
patients with LARC and pre-obesity. The patients were randomized into a main group A (radiation therapy and
oxaliplatin-based chemotherapy) and a comparison group B (radiation therapy and fluoropyrimidine-based
mono-chemotherapy). Superoxide free radicals and NO levels generated by mitochondria of adipocytes were
evaluated In both groups’. Also, there was estimated the indices of MMP-2, MMP-9, 8-0xoG, and free fatty acids
(FFA) level.

Results and discussion. Level of superoxide radicals in tumor-adjacent adipose tissue was 0.58+0.15 (main
group) and 0.70+0.12 nmol/g-min (comparison group) (p<0.001). Blood levels of FFA increased in group A up to
2.05%0.15, and in group B up to 2.48+0.20 mmol/I (while in it was 0.57+0.11 mmol/L). 8-0xoG levels in tumor-
adjacent adipose tissue had no statistically significant differences.

Conclusions. The tumor-adjacent adipose tissue is an energy depot that can act as a promoter of tumor
progression supplying the locally advanced rectal cancer with an energy substrate FFA. It has been established
that the level MMP-2 activity significantly reduces the degree of intercellular matrix remodeling by the XELOX

chemotherapy.

KEY WORDS: locally advanced rectal cancer; adipose tissue; tumor progression; chemoradiotherapy.

Introduction

A number of clinical studies have proved a
direct effect of obesity on the epidemiology of
colorectal cancer (CRC), disease progression,
and a direct effect of adipose tissue (AT) on
malignant neoplasms development, as well as
the ‘survival’ of the latter. Adipocyte is the main
structural unit of AT that provides a significant
resource of lipids, cytokines and adipokines. It
has been established that the lipids, cytokines
and adipokines provide regulation of signaling
metabolic cascades and spread of malignant
cells, including CRC adenocarcinoma cells.

Adipocytes can modify a tumor microenvi-
ronment that in its turn stimulates/accelerates
the tumor metabolism and leads to formation
of an aggressive phenotype of CRC tumor due
to paracrine secretion and the presence of
significant levels of free fatty acids (FFA). The
cells of malignant neoplasms can accelerate the
rate of proliferation, which is impossible
Corresponding Author: Burlaka Anton, MD, Ph.D.,
National Cancer Institute, 33/43 Lomonosov str.,

Kyiv, 03022, Ukraine
e-mail nir.burlaka@gmail.com

without the modification of energy metabolism
and the initiation of de novo-lipogenesis [1]. FFA
are used for the accumulation of adipose tissue
and the membranes construction, which is the
basis for the malignant cells” survival. Most
studies have proved that lipids provide survival
of adenocarcinoma cells while their own de
novo-lipogenesis is in a state of inhibition [2].
Thus, it becomes clear that adenocarcinoma
cells carry out proliferation without performing
the synthesis of their own energy but using
energy rich fatty acids of microenvironment [3].
FFA as a powerful source of energy becomes a
key element in an aggressive rectal cancer (RC)
phenotype formation. It worth remembering
that lipids can enhance the Warburg effect in
tumor cells [4].

Over the past decade, the awareness of the
mechanisms of the AT influence on RC tumor
progression has improved considerably.
However, the mechanisms of adipocytes and
tumor cells interaction under the influence of
radiation and chemo-radiation therapy have
not been revealed until now.
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Material and methods

A prospective randomized single-center
study was conducted. The study involved 110
patients with locally advanced rectal cancer
(LARC) (ymrT3-4aN0-2M0-1, CRM-positive) with
overweight (pre-obesity), who were treated in
National Cancer Institute in January 2016 -
December 2018. The patients were randomized
into a main group (A) n=57 (radiation therapy
with a total focal dose of 50.4 Gy (1.8 Gyx28)
and oxaliplatin-based polychemotherapy) and
comparison group (B), n=53 (radiation therapy
with a total focal dose of 50.4 Gy (1.8 Gyx28)
and mono-chemotherapy based on fluoropy-
rimidine). The patients’ division into groups was
1:1. The characteristic features of the groups
of patients are provided in Table 1.

In each clinical case, multidisciplinary
approach was used, where surgeons, oncolo-
gists, chemotherapists and radiologists took
part. In all cases, the diagnosis was confirmed
cytologically/ histologically after the primary
tumor biopsy taken during the colonoscopy in
order to assess the resectability of the primary
tumor, to detect metastatic lesions in regional
lymph nodes and to identify possible distant
metastases. A common method of magnetic
resonance imaging (MRI) of the small pelvis
and abdominal cavity with intravenous contrast
and computer tomography (CT) of the chest
cavity, abdominal cavity and small pelvis with
intravenous contrast, according to international
protocols was carried out [5]. Positron-emission
tomography was conducted only for planned
multivisceral resections and in clinically comp-
licated cases as well as for differential diagnosis

for the presence of metastatic lesions of other
organs/sites.

Surgical techniques comprised implemen-
tation of standardized approaches for RC
removing (Total mesorectal excision and D3
lymphatic dissection); most of the interventions
were performed laparoscopically.

Sampling of AT was performed for 20
minutes since the removal of the tissue sample
at a distance of 1-5 cm from the tumor; a sur-
geon and a morphologist took part in it. The
samples were shaped by a special mold, frozen
in liquid nitrogen, with subsequent electron
paramagnetic resonance spectra (EPR), they
were recorded in a paramagnetic pure quartz
Devuar. The levels of superoxide free radicals
(SR) generated by mitochondria of adipocytes,
as well as the levels of NO content were eva-
luated by means of EPR method and Spin Traps
technology.

The state of intracellular matrix was asses-
sed by the activity of matrix metalloproteinases
(MMP-2 and MMP-9) in polyacrylamide gel
using zymography technique. After the washing
the active forms of MMP-2 and MMP-9 in gel
visualized as a discolored stripe on a blue
background; their localization was determined
according to the molecular weight standards
(Sigma) and corresponded to the molecular
weight of each of the enzymes (72 and 92 kDa,
respectively). The proteolytic activity was
evaluated by measuring the area of the lysis
zone using a standard set of MMP-2 and MMP-
9 (Sigma) for comparison. One a.u. of the
enzyme activity assumed as 1 mcg of enzyme
in 1 g of control sample. The results were pro-

Table 1. Characteristic features of the groups

Indices G(rno=l,|5|;)A G(|;10=115|:;)B P value
Age 61.4+2.3 64.2+1.9 0.16
Body mass index (BMI) 31.5+2.3 29.2+3.8 0.84
Sex (male/female), (n) 37/21 24/28 0.45
Presence of distant metastases, (n) 14 5 0.19
CRM positive 20 12 0.32
EMVI positive 9 3 0.44
TRG =3 10 4 0.25
pN+ 28 14 0.21
CEA level 27.4+5.6 12.24£3.1 0.18
Patient’s condition (ASA scale):
I-11 47 39 0.65
III 10 14 0.67

Notes: CRM - ‘circumferential resection margin’; EMVI - ‘extramural venous invasion’; TRG - ‘tumor regres-
sion grade’. ASA - American Society of Anesthesiologists scale.
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cessed using the standard TotalLab 1.01
program. The levels of DNA guanine oxidation
(marker 8-0xo0G) in adipose tissue and blood
FFA level were determined spectrophoto-
metrically. The content of free (un-esterified)
fatty acids (HF) in the blood was determined by
spectrophotometric method at A=546 nm (the
intensity of the red dye formed by the interaction
of hydrogen peroxide and Tronder compounds
is directly proportional to the concentration of
non-esterified fatty acids in the knowledge).

The attained results were statistically
analyzed by means of SPSS 20.0 statistics (IBM,
Armonk, New York, USA). The differences were
statistically different at p<0.05.

Results

In AT superoxide radicals (SR) and their
derivatives are produced by mitochondria and
NOX immunocompetent cells. In physiological
conditions there is a balance between the SR
generation and its elimination by antioxidants.
In cases of pathological conditions, in particular,
in malignant tumors, there is an increase in SR
levels both in tumor and in tissues surrounding
it that affects signaling regulatory pathways of
tumor cells.

The results of the AT studying are presented
in Table. 2. The rate of SR generation in AT
stripped at a distance of 1 cm from the macro-
scopically visible edge of the LARC tumors was
determined. In the physiological conditions, the
rate of SR generation was 0.18+0.03 nmol/g of
tissue-min [6]. The rate of SR generation in
tumor-adjacent AT was 0.58+0.15 (group A) and
0.70+0.12 nmol/g tissue-min (group B) (p<0.001).
Theincreased blood level of FFA was evidenced
in group A: 2.05+0.15 mmol/l, and in group B -
2.48+0.20 mmol/l, the control value was
0.57+0.11 mmol/L. Thus, the damaging effect
on the surrounding tissues, in particular in
cases of theradiation therapy and administration
of platinum, is lower compare to the scheme
comprising radiation therapy and fluoropy-
rimidines. The growth of SR and ROS, respec-
tively, can cause lipids oxidation, 4-hydroxy-

nonenal and malonic dialdehyde formation.
The malonic dialdehyde can stimulate the
activity of cyclooxygenase-2 (COX-2), which in
turn catalyzes synthesis of prostaglandins and
induces angiogenesis in RS tumors [7]. Fatty
acids, the level of which increases in tumor
during their own metabolism, produce
electrons; their energy in mitochondrial ETC of
tumor cells transform into ATP and SR due to
fact that adipocytes mitochondria are dys-
functional (Table 2).

Oxidative DNA damage is also a result of
unregulated increase of SR and ROS levels and
their effects on human cells. The most common
product of the pathological effect of SR on a
DNA molecule is 8-oxoguanine (8-0x0G)
formation; the level of it starts to exceed the
normal values already in the early stages of the
disease [8]. 8-0x0G can be accumulated both
in nuclear and mitochondrial DNA. That is why
they are considered to be a highly informative
marker for the development of malignant
neoplasms and their progression.

According to our previous studies, 8-0x0G
levels in tumor-adjacent AT proved to have no
statistically significant differences: 0.80+0.08
and 0.84+0.13, respectively for groups Aand B,
p=0.052 (Table 1 that may be explained by the
fact that medicines used for hemotherapy lead
to genotoxic effects). Platinum containing
medicines canin addition initiate SR generation.

Nitric oxide (NO) is a pleiotropic, regulatory
signaling molecule that is crucial for a variety
of biological processes, including vasodilation,
neurotransmission, and immune response [9].
NO is synthesized out of L-arginine by NO
synthase (NOS) [10]. The increased expression
of inducible NOS (iNOS) in tumor cells proves
direct proportional correlation with survival of
patients with RC and other malignant neoplasms
of epithelial origin [11]. The activity of iNOS in
tumor-adjacent adipose tissue is determined
in accordance with the procedure described
above. Normal value of the NO content is
1.1620.20 nmol/g of tissue. Direct evaluation of
NO level is 0.51+0.11 and 0.38+0.08 nmol/g of

Table 2. Comparison of the studied molecular markers between groups of patients.

Values Norm values Group A Group B t-value P-value
(Mean+SE) (Mean+SE) (Mean=SE)

Speed of SR generation, 0.18+0.03 0.58+0.15 0.70+0.12 4.43 <0.001
nmol/g tissuesmin
NO content level, 1.16+0.20 0.51+0.11 0.38+0.08 -7.24 <0.001
nmol/g tissue
8-0x0-G level, nmol/g tissue 0.21+0.03 0.8+0.08 0.84+0.13 1.96 0.052
FFA levels, mmol/L 0.57+0.11 2.05+0.15 2.48+0.20 2.36 0.045
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Fig.1. Graphic representation of EPR spectra in studied groups of patients.

I - EPR spectra of AT in patients with RC:
1 - AT of the patients with BMI 25.0-30.0.
2 - group B patients with BMI >25.
3 - group A patients with BMI >25.

II - zymograms showing MMP-2 activity in AT of the corresponding groups.

tissue in group A and B, respectively (p<0.001)
(Table 2) that indicates a disturbance of NO
bioavailability in tumor-adjacent AT.

The changes of AT cells mitochondrial ETC
in the patients with RC in cases of different
treatment regimens were revealed. In EPR
spectra of AT intensive EPR signals with g=2.03
were recorded that proved formation and
increase of NO-FeS proteins complexes in
Complex I (ETC) of adipocytes mitochondria in
the group A (Fig. 1, EPR 3 spectrum, g=2.03).
The level of NO-FeS proteins complexes was
0.27+0.14 a.u. This value in norm was 0.08+0.05
a.u. In the group B of patients, who received
fluoropyrimidines instead of oxaliplatin, the
level of NO-FeS proteins complexes in ETC were
significantly higher (0.36+0.09 a.u.) that
indicated that fluoropyrimidines-based AT
formed hypoxic microenvironment, which was
more favorable for the tumor. The level of NO-
FeS proteins complexes in ETC of adipocytes
mitochondria correlates with the degree of RC
differentiation (r=0.79, p<0.05). It should also
be noted that the level of MMP-2 activity in AT
was significantly lower in the group A, indicating
that oxaliplatin had less significant effect on
redox state of AT and subsequently the intra-
cellular matrix remodeling.

Tissue intracellular matrix remodeling,
including degradation and reorganization of its

structures developed with the participation of
specific enzymes: matrix metalloproteinases
(MMP). MMPs are a family of Zn* and Cu*-
dependent endopeptidases with a common
functional domain and activation mechanism.

At present, more than 20 types of MMPs
different by their cellular localization, substrate
specificity, functional activity, have been estab-
lished: gelatinase, collagenase, stromelysines,
membrane bound MMP as well as a group of
insufficiently studied MMP [12].

The increased level of gelatinase subgroup
members (MMP-2 and MMP-9) proves the
presence of tissue matrix damage. The factors
activating the inactive forms of MMP (pro-MMP)
are intensification of SR generation in
endothelial cells mitochondria and NOX
immunocompetent cells of AT; SR reacts with
NO forming ONOO- as a result that leads to
disorder of NO bioavailability in AT [11, 13]. It
was already noted that in the patients, involved
into the research, independently from the
treatment method a decrease in the NO content
in AT adjusted to tumor was evidenced (Table 2).

In Fig.2 the results of the gelatinases activity
(MMP-2 and MMP-9) in the patients with RC is
presented.

It was proved that MMP-2 activity rates were
(3.51+£1.06) and (5.72+1.13) at p<0.001,
respectively in groups A and B. MMP-9 activity
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Fig. 2. MMP-2 AND MMP-9 activity in AT of the patients.

rate was (6.82+1.03) and (8.06+1.36) in the main
and control groups, respectively (p<0.001).
These results indicate that in the group A
patients, who received oxaliplatin or
capecitabine, the level of intercellular matrix
degradation was lower compare to the group
B patients administered with fluoropyrimidines.

Discussion

Redox molecules are capable of inducing
lipolysis in adenocarcinoma cells that results in
glycerol production, which can be incorporated
into the glycolytic metabolic pathway [14]. Such
pathological changes in normal metabolism
can activate more rapid growth and
subsequently much significant malignant
metastatic tumor phenotype, including RC [15].
Such changes are accompanied by changes in
the microenvironment of healthy cells,
infiltration of tumor-associated immune cells
that trigger the process of chronicinflammation
and enhance oxidative stress. The analysis
proves that activation of de novo-lipogenesis in
most of the patients with CRC, is caused by high
levels of CR and, consequently leads to MMP
activation. The MMP activation, in its turn,
proves that the adipocytes of tumor-adjacent

MMP-9 activity

AT in the patients with RC are an ‘additional’
source of energy involved in metabolic
processes of the RC adenocarcinoma that
contributes to their faster growth and formation
of metastases.

In addition, a significant difference in the
studied molecular markers proved a promising
use of a modified scheme of preoperative
course of chemotherapy-based oxaliplatin and
capecitabine (XELOX). We believe that such
approach can help reduce the percentage of
distant metastasis and local relapses.

Conclusions

Tumor-adjacent AT is an energy depot that
can act as a promoter of tumor progression,
supplying the RC tumor with the energy
substrate - FFA. In addition, the oxaliplatin
based chemotherapy reduces the level of DNA
oxidative-induced point mutations in adipocytes
mitochondria. It has been established that the
level MMP-2 activity significantly reduces the
degree of intercellular matrix remodeling by
the XELOX chemotherapy.
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KHPOBA TKAHHHA TA if POJIb B MIKPOOTOYEHHI KJIITHH
AJJEHOKAPIITMHOMMH KOJIOPEKTAJIBHOI'O PAKY

. ) A.A. Bypnaka
HAUIOHAJIbHUW IHCTUTYT PAKY MO3 YKPAIHU, M. KWIB, YKPAIHA

BcTyn. 30 ocmaHHi 0ecsimb pokie Hawle po3yMiHHS MexaHi3mie enausy #upoeoi mKaHUuHU (XXT) Ha nyxauHHe
npozpecy8aHHs 3HAYHO NOKPAU4UAOCL, OOHAK 00 Yb020 HYaCY He PO3KPUMO MEeXAHI3MU 83aeMo0ii adunoyumie
3 KNIMUHAaMUu nyxauH paky npamoi kuwku (P1K) 3a ymoe npogedeHHs npoMmeHegoi ma ximiomepanii

MeTa. Jocnioumu mexaHiamu 83aeModii adunoyumie ma KAimuH a0eHoOKapYUHOMU 30 yMO8 hpOMeHego20
ma XiMionpoMeHeg020 NiKy8aHHS Y X80pUX HA MiCYe80 NoWUpPeHi opMu paky NPAMOI KUWKU.

MeToaw. bys10 npogedeHo npocnekmusHe paHOOMi308aHe 00HOYyeHMpPoae 00CNiONeHHS. Y 00CNiOHeHHI
6pasnu yyacme 110 xeopux Ha Micyego-nowupeHull pak npamoi kuwku (MnPlikK), (ymrT3-4aN0-2M0-1, CRM -
positive) 3 HA0AUWKOB0OI 8020K0 8 nepiod 3 ciyHA 2016 p. 0o 2pyoHa 2018 p. lNayieHmis paHOoMi3ysanu y
cniegioHoweHHi 1:1 Ha 0CHOBHY 2pyny (A) n=57 (npomeHesa mepanis CyMapHO ocepedkosoro 0030t0 50,4 p
(1,8 Mp x 28) ma nosiximomepanis HO OCHOBI OKCANINAAMUHU), Ma Ha 2pyny nopieHAHHS (b), n=53 (npomeHesa
mepanis cymapHoto ocepedkogoro 0030t0 50,4 Tp (1,8 [p x 28) ma MoHoxiMiomepania Ha 0cHo8i pmopnipumiouHis).
Y 060x 2pynax ausyanu pieHi MimoxoHApiansbHUX cynepokcuduHuUx padukanie ma NO e adunoyumax npusaeznoi
00 NYXAUHU HUPOBOI MKAHUHU. TaKox< 00Cidxy8anu pigeHbs MaOMpPUKCHUX MemanonpomeiHas (MMI1-2 ma
MMII-9), mapkepu okucHo20 nowkooxceHHA JHK (8-0xoG) ma pigeHb dcupHUX KUCa0M.

Pe3synbTaTWu. 3apeecmposaHi pieHi WeuoKocmi 2eHepy8aHHs CynepokcuoHuUx padukanie (CP) e XT, aka
KoOHmMakmyeana 3 nyxauHoro ckaadanu 0,58+0,15 (zpyna A) ma 0,70+0,12 HMoAb/2 MKAHUHU*X8 (2pyna b)
(p<0,001). B Kposi yux Xx80opuUx 8UABAEHO 3POCMAHHS PiBHA BibHUX HUPHUX Kucaom (BXK): y 2pyni A 00 3HaYeHb
2,05%0,15 mmons/n, a 8 epyni b yeli nokasHuk cknae 2,48+0,20 mMmone/n npu 3HavyeHHsaX Hopmu 0,57+0,11
MMoAb/A. PigHi 8-0x0G 8 npunezsnili 00 nyxauHu XT xeopux 00CAIOHY8AHUX 2pyn HE MAaAU CMAaMUCMUYHO
3Ha4ywoi 8iomiHHocmi - 0,80+0,08 ma 0,84+0, 13 sidonogidHo 0a5 2pyn A ma b, npu p = 0,052.

BucHoBKMW. [Tpusnezna 0o nyxauHu XT npedcmasase coboro eHepzemuyHe deno, 30amHe sucmynamu 8
P01l NPOMOMOPA NYXAUHHO20 NPO2PeCcy8aHHs, 3a6e3nedyroyu nyxauHy MnPI1IK eHepaemuyHUM cy6cmpamom -
BXK. bysno nokasaHo, wjo ximinpomeHesa mepanis (XELOX) 3HUMCYE pigeHb peM0o0ento8aHHA MiXKAIMUHHO20
MampUKCy hpusaez/0i #upoeoi MKAHUHU.

K/THOYOBI C/IOBA: micueBo-NoLWIMPEeHUN pak NPAMOi KULLUKW; )XUpPoBa TKaHUHA; NyXJIMHHEe
nporpecyBaHHS; XimionpomeHeBa Tepanis.
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SIGNIFICANCE OF ADDITIONAL CHROMOSOMAL ABNORMALITIES
FOR THE OUTCOMES AFTER THE SECOND LINE NILOTINIB THERAPY
IN THE CHRONIC MYELOID LEUKEMIA PATIENTS

LV. Dmytrenko*, Zh.M. Minchenko, V.V. Fedorenko, I.S. Dyagil
NATIONAL RESEARCH CENTER FOR RADIATION MEDICINE OF THE NATIONAL ACADEMY
OF MEDICAL SCIENCES OF UKRAINE, KY1V, UKRAINE

Background. There is limited information about impact of additional chromosome aberrations (ACA) on
the efficacy of the 2™ line nilotinib therapy.

Objective. The aim of the study was to analyze significance of ACAs for the outcome after second line tyrosine
kinase inhibitors (TKI) therapy with nilotinib in the chronic myeloid leukemia (CML) patients, who experienced
previous imatinib therapy failure.

Methods. The CML patients in chronic phase treated with nilotinib after imatinib failure were analyzed for
outcomes.

Results. Among a total of 114 patients, 18 patients (15.8%) had ACAs at the beginning of the 2" line therapy
with nilotinib. Seven patients (38.9%) of 18 had variant translocations and 11 patients (61.1%) had other
chromosomal abnormalities in addition to t(9;22), known as clonal evolution. Complete cytogenetic response
(CCR) at 12 months was achieved in 37.5%, 42.8% and 45.5% (p=0.842) of patients with classic t(9;22) translocation,
variant translocations and ACAs respectively. In the patients with variant translocations t(9,V;22) or clonal evolution
treated with nilotinib after the imatinib failure, the CCR and major molecular response (MMR), event free survival
(EFS), progression free survival (PFS) and overall survival (OS) rates did not differ from those in the CML patients
with t(9,22) only. At the same time quantitative characteristics of leukemic and ACA clones had prognostic value
for CCR. The increased number of Ph-positive cells and the number of cells with the ACA at the start of nilotinib

therapy reduced the probability of CCR.

Conclusions. Higher nilotinib inhibitory activity compare with imatinib allows us to overcome imatinib
resistance in the CML patients regardless of the ACA presence at the beginning of nilotinib therapy.
KEY WORDS: additional chromosomal aberrations; chronic myeloid leukemia; nilotinib; second

line of TKI therapy; prognosis; resistance.

Introduction

Reciprocal translocation t(9;22)(q34;q11.2),
also known as Ph-chromosome, leads to the
formation of the BCR/ABLT fusion gene, which
is considered to be the main pathogenetic event
of chronic myeloid leukemia (CML) [1].

However, additional chromosomal abnor-
malities along with the classical translocation
t(9;22) have been described in some patients
with CML. These are usually either variant
translocations or additional chromosome aber-
rations (ACAs). In case of variant translocation
(t(9;V;22)), more than two chromosomes are
involved in the formation of t(9;22). ACAs
include any numerical or structural chromosome
aberrations in addition to t(9;22) and are called
clonal evolution. At the time of diagnosis, the

*Corresponding Author: Iryna V. Dmytrenko, National Research
Center for Radiation Medicine of the National Academy of
Medical Sciences of Ukraine, 119/121 Peremoha Avenue, Kyiv
03115, Ukraine.

E-mail: iryna.v.dmytrenko@gmail.com

frequency of ACAs is 5-10% in the patients with
chronic phase CML and increases up to 30% and
80% in the patients with acceleration phase or
blast crisis [2, 3]. A de-novo gain of ACA during
the therapy is also possible. It is established
that ACAs confer a BCR/ABL-independent
mechanism of resistance to the therapy with
tyrosine kinase inhibitors (TKI) [4]. Although,
currently, there is no final consensus about the
predictive value of ACAs, most authors point
out that the outcome of imatinib-treated
patients with ACAs is significantly lower than of
those without ACAs [5, 6].

It has been proved that nilotinib (the second
generation TKI) is effective in patients with CML
after imatinib failure [7, 8]. But the influence of
nilotinib on leukemic clones with additional
chromosomal abnormalities has not been
determined.

The objective of this study was to analyze the
significance of ACAs for the outcome after
second line TKI therapy with nilotinib in the CML
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patients, who experienced previous imatinib
therapy failure.

Methods

A retrospective study of 114 CML patients
in chronic phase treated with nilotinib after
imatinib failure was conducted. All patients
were monitored at the Department of Radiation
Onco-Hematology and Stem Cell Transplantation
of the Institute of Clinical Radiology at the
National Research Center for Radiation Me-
dicine from 2008 to 2018. Written informed
consents to use biomaterial for the research
purposes were obtained from all patients.
Among a total of 114 patients, 49 (43%) were
males and 51 (57%) - females. Imatinib for the
first line TKI therapy was administrated at a
dose of 400 mg/d with later escalation to
800 mg/d. The second line TKI therapy was
implemented with nilotinib dose 400 mg twice
a day.

Cytogenetic analysis was conducted at the
time of imatinib resistance conformation.
Karyotyping with standard GTG-banding was
performed after a 24-hour bone marrow cells
culture with no stimulation. Chromosomes
were classified according to the International
System for Human Cytogenetic Nomencla-
ture [9].

Molecular response was assessedin 3,612
months and then every 6 months during
nilotinib therapy by real-time polymerase chain
reaction as previously reported [10]. Acomplete
cytogenetic response (CCR), major molecular
response (MMR) and deep molecular response
(MR4) were defined as BCRABL1/ABL ratios 1%,
0.1%, and 0.01% respectively, on the interna-
tional scale. The first and second line TKI the-
rapy responses and resistance were defined
according to the ELNet 2013 recommenda-
tions [6].

The x?test and Fisher’s exact test were used
to compare categorical variables and the

Mann-Whitney U-test - to compare continuous
variables. The probability of overall survival
(OS), progression free survival (PFS), and event
free survival (EFS) were estimated by the
Kaplan-Meier method and compared by the
log-rank test. PFS was defined as survival
without signs of progression (transformation
into acceleration phase or blast crisis). EFS was
evaluated from the beginning of the 2" line
therapy with nilotinib to the loss of achieved
CCR or MMR, progression or death for any
cause. OS was assessed from the beginning of
the 2" line therapy till the death of any cause
during the study. The cumulative probability of
CCR and MMR was evaluated by the Kaplan-
Meier method from the beginning of the 2"
line therapy to the time of response. In this
case, the data about the patients, who had not
received any adequate response, with pro-
gressed disease or died, were censored at the
latest observation date. Univariate analyses
(Cox regression) were performed to evaluate
the prognostic significance of additional
chromosomal abnormalities. Statistical analysis
was performed using the SPSS for Windows
statistical software package (version 20.0). The
results were considered significant at p<0.05.

Results

The baseline characteristics of the patients
are summarized in Table 1.

Among 114 patients, who started the
second line therapy with nilotinib, 101 (88.9%)
were resistant to previous imatinib therapy.
Resistance was defined as failure to achieve
CCRonthefirstline of therapy. Twelve patients
(10.5%) achieved only CCR, while 1 (0.9%)
patient achieved MMR with previous imatinib
therapy. Any achieved therapy response was
completely lost in all patients with CCR and
MMR by the start of nilotinib. Pathologic clone
with classical t(9:22)(q34;911) was detected in
5-100% of cells of all patients at the time of the

Table 1. CML patients’ characteristics at the start of the 2" line therapy with nilotinib

Patient characteristics Patients with only Patients with Patients with b

t(9;22) (n=96) t(9;V;22) (n=7) ACA (n=11)

Age, median (range), years 38 (18-66) 38 (34-50) 35(20-52) 0.512

Sex, men, n (%) 40 (41.7) 3(42.9) 6 (54.5%) 0.950

Median of prior imatinib 44.0 39,0 45.0

treatment, (range), months (4.0-106.0) (13.0-48.0) (5.0-106.0) 0.578

Median of follow-up on the 52.0 42.0 32.0 0.194

2" line therapy with nilotinib, (4.0-106.0) (5.0-97.0) (1.0-79.0)

(range), months

Notes: CML - chronic myeloid leukemia; ACA - additional chromosomal aberration

w
~

L.V. Dmytrenko et al.

ISSN 2413-6077. JMMR 2019 Vol. 5 Issue 1




second-line therapy initiation. The median
number of Ph-positive cells with variant
translocation or with an ACA was 15% (range
of 5-100%). The median duration of prior
imatinib treatment was 43 months (range of 4
to 106 months), while the median duration of
the second-line therapy monitoring was 47
months (range of 1 to 106 months).

Among a total of 114 examined patients, 18
patients (15.8%) had ACAs at the beginning of
the 2" line therapy with nilotinib. Seven
patients (38.9%) of 18 had variant translocations
and 11 patients (61.1%) had other chromosomal
abnormalities in addition to t(9;22). Among the
other 11, 8 patients had a single chromosomal
abnormality in addition to t(9;22), while 3
patients had multiple chromosomal abnor-
malities. In the majority of patients with ACAs
(7 outof 11, 63.6%), an additional translocation
was a second Ph-chromosome (Table 2). The
patients with an isolated t(9;22) translocation,
variant translocations or ACA were not sig-
nificantly different by age, sex, and length of
treatment before the beginning of the second-
line therapy.

In order to evaluate the effect of ACAs on
response to the second-line TKI therapy, the
extent of tumor clone reduction in 12 months
of therapy, the probability of CCR and MMR, as
well as long-term outcomes (EFS, PFS and OS)
were evaluated in all 114 patients with CML,
treated with nilotinib after imatinib failure.

The presence of ACAs and variant trans-
locations at the beginning of the 2" line therapy
did not affect the rate of the tumor clone re-
duction. The CCR in 12 months (optimal res-
ponse according to ELNet2013) was achieved
in37.5%, 42.8% and 45.5% (p=0.842) of patients
with classic t(9;22) translocation, variant
translocations and ACAs respectively. In 12
months, about 50% of patients were resistant
to the second line TKI therapy (BCR/ABL>10%
in 12 months of the therapy according to
ELNet2013). The rate of resistance did not differ
between the groups: 51.0%, 57.1% and 54.5%
in the patients with classic t(9;22) translocation,
variant translocations and ACAs, respectively
(Table 3).

No differences in the rates of disease
progression and lethal outcomes were found

Table 2. Karyotypes of bone marrow cells with variant translocations and additional
chromosomal aberrations in the CML patients at the beginning of nilotinib therapy (n=18)

Number of Ph+ Number of
Ne | Sex metaphases, % metaphase Karyotype
! with ACA, %

1 F 95 100 46,XX,t(9;22;?)(q34:q11;2)[19] 46,XX[1]

2 F 100 100 46,XX,t(5;9;22)( q31;934;q11)[20]

3 F 100 5 46,XX,1(9;22)(q34;q11)[19]/idem, +der(22)t(9;22) [1]

4 | M 73 53,3 46,XY,t(9;22)(q34;q11)[3]/idem,+der(22)t(9;22)[8]/46,XY[4]

5 M 100 100 46,XY,t(6;9;22)(p22;934,q11)[20]

6 F 100 100 46,XX,der(9)t(9;2;22)(q34;?;911)[20]

7| M 85 5 46,XY,t(9;22)(q34;q11)[5]/ idem,+der(22)t(9;22)

[1]/46,XY[14]
8 | M 100 70 46,XY,t(9;22)(q34;q11)[6]/idem,+der(22)t(9;22)[11]/
idem,+der(22)t(9;22),+7[3]
9 | M 100 100 47 XY,1(9;22)(q34;q11),+der(22)t(9;22)[14]/ idem,+12[2]
10| F 50 42,5 47,XX,t(9;22)(q34;q11),+der(22)t(9;22)[17]/ 46,XX,t(9;22)
(934;911)[13]/46,XX[20]

11| M 30 30 46, XY,t(3;9;22)(p25;934:q911)[6] /46,XY[14]

12| F 100 30 47,XX,£(9;22)(q34;q11),+3[6]/ 46,XX,t(9;22)(q34;q11)[14]

13| M 20 100 46~48 XY,(9;22)(q34;q11)[4],del(10)(p11.2)[5],
+12[2],+13[12],+14[2]+15[4] [cp20]

14 | F 100 100 46,XX,(3;21)(926.2;q22),t(9;22)(q34;911)[20]

15 | M 100 100 46,XY,t(9;21;22;)(q34; q22.2;q11)[20]

16 | F 100 5 46,XX,t(9;22)(q34;q11)[19]/idem,+der(22)t(9;22)[1]

17 | M 90 5 46,XY,t(9;22)(q34;911)[17]/
idem,+der(22)t(9;22)[11/46,XY[2]

18| F 100 100 46,XX,t(1;9;22)(q21.2;934;q11)[20]

Notes: ACA - additional chromosomal aberration.
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Table 3. Response to the 2™ line nilotinib therapy in the CML patients depending
on the presence of additional chromosomal aberrations

Patients with . . . .

Characteristics onPr/] E(996;)22) tht\'/egzt)S ("r\]’g\) P:girzasz\;v;t)h 0
Response in 12 months of the 2 line
nilotinib therapy:
CCR (BCR/ABL1<1%), n (%) 36 (37.5) 3(42.8) 5 (45.5) 0.842
MMR (BCR/ABL1<0.1%), n (%) 13(13.5) 1(14.3) 3(27.3) 0.516
BCR/ABL1>10%, n (%) 49 (51.0) 4(57.1) 6 (54.5) 0.938
Secondary resistance:
MMR loss, n (%) 4/30(13,3) 0/2(0) 1/5 (20) 0.829
CCR loss, n (%) 4/46 (8.7) 0/4(0) 0/5 (0) 0.656
Progression to AP or BC, n (%) 19 (19.8) 1(14.3) 2(18.2) 0.934
Number of lethal outcomes, n (%) 17 (17.7) 1(14.3) 1(9.1) 0.756

Notes: CML - chronic myeloid leukemia; ACA - additional chromosomal aberration; CCR - complete cyto-
genetic response; MMR - major cytogenetic response, AP - acceleration phase; BC - blast crisis.

between the patients with classic t(9;22)
translocation, variant translocations and ACAs
(Table 3). For the whole follow-up period, the
only case of progression to accelerated phase
with a lethal outcome took place in one patient
with variant translocation of unknown origin
t(9;2;22)(934;?;911) and in one patient with
three related clones: 30% metaphases with
isolated Ph-chromosome, 55% metaphases
with an additional Ph-chromosome, and 15%
of metaphases with two Ph-chromosomes and
an extra chromosome 7. Karyotype 46,XY,t(9;22)
(g34;q911)[6]/idem,+der(22)t(9;22)[11]/
idem,+der(22)t(9;22),+7[3].

Kaplan-Meier analysis of the long-term
outcomes of the 2" line nilotinib therapy
proved an absence of significant influence of
the ACA and variant translocation status at the
beginning of the 2" line nilotinib therapy on
the three-year EFP, PFS and OS (Table 4).

Despite the ACAs at the beginning of the 2
line therapy did not affect the nilotinib efficacy,
guantitative characteristics of the leukemic
clone did have prognostic value. A positive

correlation between the amount of Ph-positive
clone before the beginning of the 2™ line
nilotinib therapy and development of resistance
(BCR/ABL1>10%)in 12 months of the subsequent
therapy (Spearman correlation coefficient
r=0.423, p<0.001) was found. The increase in
the number of Ph-positive cells at the beginning
of the nilotinib therapy and increase in size of
the additional clone (percent metaphases with
ACA) was associated with the decreased
efficiency of tumor clone reduction during the
therapy, or more specifically, statistically
significant decrease in the rate of CCR (p<0.001,
p=0.049). In other words, the efficacy of the
second line TKI therapy in the imatinib-resistant
CML patients was associated with the level of
reduction of the tumor clone and the size of the
clone with additional aberrations before the
beginning of the second-line therapy (Table 5).

Discussion

Studies of the ACA prognostic value both in
the era before the TKI and after approving of
the first TKI imatinib indicate that the ACA

Table 4. Long-term outcomes of the 2" line nilotinib therapy in the CML patients depending
on the presence of additional chromosomal aberrations

Outcomes Patients with only Patients with Patients with ACA
t(9;22) (n=96) t(9;V;22) (n=7) (n=11) P

3-year EFS, % (95% CI) 80.1 80.0 74.1 0.468
(71.5-88.7) (45.5-100.0) (42.5-100.0)

3-year PFS, % (95% CI) 86.4 80.0 76.2 0.936
(79.1-93.7) (45.5-100.0) (47.2-100.0)

3-year OS, % (95% CI) 90.7 80.0 85.7 0.975
(84.6-96.8) (45.5-100.0) (59.8-100.0)

Notes: CML - chronic myeloid leukemia, ACA - additional chromosomal aberration, CI - confidence interval,
EFS - event free survival, PFS - progression free survival, OS - overall survival.
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Table 5. Estimation of the significance of ACA clones quantitative characteristics in the CML
patients (n=18) at the beginning of the 2" line nilotinib therapy for the probability of CCR, EFS, PFS
and OS by the univariate Cox regression analyses

Characte. CCR EFS PFS 05s
rets | ExplB) Exp(B) Exp(B) Exp(B)
(95% CI) P (95% CI) P (95% CI) P (95% CI) P

% Ph+ 0.981 <0.001 1.027 0.039 1.037 0.052 1.062 0.062
metaphases | (0.971-0.990) (1.00-1.054) (1.000-1.076) (0.997-1.132)

% meta- 1.041 0.049 1.028 0.268 1.031 0.248 1.025 0.354
phases with | (1.000-.083) (0.979-1.080) (0.979-1.085) (0.973-1.080)

ACA

Notes: CML - chronic myeloid leukemia; ACA - additional chromosomal aberration; CI - confidence interval;
EFS - event free survival; PFS - progression free survival; OS - overall survival.

presence in the therapy worsens the treatment
results and decreases patient survival [11-13].
Some disagreements are observed in
assessment of the ACA significance at the time
of diagnosis. Alhuraiji A., et al. in the prospective
clinical study on 603 CP CML patients pointed
out that the presence of ACA at the time of
diagnosis was not associated with worse
prognosis [14]. Fabarius, et al. consider that
only major route, but not balanced or
unbalanced minor route ACA has a negative
impact on prognosis of CML [13]. Wang et al.
also underline that variability in outcomes is
related to the type of ACA, but they suggest
another ACA stratification system. ‘Poor
prognosis’ for ACA including i(17)(q10), -7/
del7q, and 3g26.2 rearrangements as well as
presence of 2 or more ACAs conferred a worse
survival irrelevant to the emergence phase and
time. In contrast, ACAs in group of ‘good
prognosis’ including trisomy 8, -Y, and an extra
copy of Ph-chromosome had no adverse impact
on survival, when they emerged at the chronic
phase or at the time of CML diagnosis [15].

Nilotinib is more potent and selective ATP-
competitive inhibitor of BCR/ABL1 tyrosine
kinase than imatinib and it is more active
against imatinib-resistant mutant forms of
enzyme [16, 17]. Multicenter trials and a real-life
longitudinal proved nilotinib efficacy in the CML
patients with imatinib failure [8, 18].

Our report presents outcomes after the
second line therapy with nilotinib in the CML
patients with imatinib failure depending on the
presence of variant translocations or clonal
evolution at the beginning of the 2" line
therapy with nilotinib. Among a total of 114
examined patients, 18 patients (15.8%) had
clonal evolution at the beginning of nilotinib.

Seven patients (38.9%) of 18 had variant
translocations and 11 patients (61.1%) had
clonal evolution - additional to t(9;22)
chromosomal abnormalities. Our results
suggest that for the patients with variant
translocations t(9;V;22) or clonal evolution
treated with nilotinib after imatinib failure, the
CCR and MMR response, EFS, PFS and OS rates
do not differ from those of the CML patients
with t(9;22) only. At the same time quantitative
characteristics of leukemic and ACA clones have
a significant impact on CCR. The greater
number of Ph-positive cells and the number of
cells with the ACA are revealed at the beginning
of nilotinib, the less - for CCR probability. EFS
is also worse with increasing number of Ph-
positive cells at the beginning of nilotinib. The
significance of certain types of ACA for long-
term outcomes has not been investigated
because of small groups of patients with
different ACAs.

Conclusions

The presence of ACA provides the tumor
with heterogeneous properties that determine
its sensitivity to therapy. But higher inhibitory
activity of nilotinib compare to the imatinib
allows overcoming imatinib resistance in the
CML patients regardless of the ACA presence
and achieves CCR in about 50 % of patients in
12 months of nilotinib therapy. Investigation of
prognostic value of the combination ACA with
other tumor clone features advantages
development of criteria for the individual
selection of TKI in the resistant patients.
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3HAYEHHS JOAATKOBHX XPOMOCOMHUX ABEPAIIIA YV ®OPMYBAHHI
BIAIIOBIAI HA APYI'Y JITHIIO TEPAIIII HUIOTUHIBOM V XBOPHX HA
XPOHIYHY MI€JIOIAHY JEUKEMIIO

L.B. AMuTpeHko, XX.M. MiHueHKo, B.I'. ®egopeHko, I.C. arinb
AY “HAUIOHA/IbHUN HAYKOBWV LIEHTP PAAIALIIVIHOI MEANLUMHV HALIOHA/IBHO!I
AKALEMIT MEAVNYHUX HAYK YKPAIHW”, KWIB, YKPAIHA

BcTyn. IcHye obmexceHa iHpopmayis npo eniue 000amKo8UX XpOMOCOMHUX abepayili (4XA) Ha epekmusHicmb
mepanii HiAoMiHI6oM Opy20i NiHIT y X80PUX 3 XPOHIYHOI Mi€N0OHO nelikemiero (XMJI).

MeTa: npoaHanisysamu 3Ha4yyujicme JXA ujooo 8ionoegidi Ha mepanito iH2i6imopamu mupo3uHKiHa3z (ITK)
Opy20i AiHii (HinomuHi6om) y xeopux Ha XMJI, y Akux mepanisi imamuHi6oMm 6ys1a HeepekmusHo#o.

MeToawn. AHanizysanu epekmusHicms mepanii HiNOMUHI6oM y xeopux Ha XMJ1 8 xpoHidHili ¢asi, y AKux
mepanis imamuHi6om 6yna HeepekmugHoOKo.

PesynbTtatn. Ceped 114 nayienmis 18 nayieHmis (15,8%) manu AXA Ha noyamky 2-i aiHii mepanii
HinomiHi6om. Cim nayieHmis (38,9%) 3 18 maau eapiaHmHi mpaHcaokayii, a 11 nayienmie (61,1%) manu iHwi
XPOMOCOMHI aHoManii, Kpim t(9;22), mobmo 03HaKu KJA0HAALHOI egotoyil. [To8HA yumozeHemMu4Ha 8i0nNoeids
(MYB) uepes 12 micayis mepanii HinomuHibom 6yna docaeHyma y 37,5%, 42,8% i 45,5% (p=0,842) nayieHmis 3
KAQCUYHOK MPAHC0Kayi€ro t(9;22), sapiaHMHUMU MPAHCAOKAYIAMU MA KAOHA/LHOI €80/1H0Yi€r0 8i0N0BIOHO.
Y nayieHmis 3 sapiaHmHuUMuu mpaHcaokayiamu t(9;V;22) ma kaoHanbHOK esoatoyiero weuokicms LB ma
ge/IuKoi MosiekynspHoi 8idnosidi (BMB), 6e3nodiliHa suxcueaHicms (EFS), suxcueaHicms 6e3 npozpecii (PFS) ma
302016Ha suxcusaHicme (0S) He 8idpi3HAAuUCA 8i0 makux y xeopux Ha XMJI, y AKUX 8uAe8asaAACs MiNbKU
mpaHcaokayis €(9,22). B moli xce 4ac, KinbKicHi xapakmepucmuku aelikeMiyHO20 KAOHY ma KAoHy 3 AXA manu
npoz2HoCMuYHe 3Ha4eHHs wjodo docaeHeHHS [LB. 36inbweHHA Kinbkocmi Ph-no3umusHux KAimuH ma KaimuH
3 XA Ha ho4amky mepanii HiNOMUHI60M 3MeHWy8a0 8ipo2idHicme docszHeHHs [1LB.

BUCHOBKMW. binbw 8UCOKQA iH2ibYHOYa QKMUBHICMb HIAOMUHIGY 8 NOPIBHAHHI 3 iMamuHibom 00380/5€
nodosamu pe3ucmeHmHicme 00 iMamuHiby y nayieHmie 3 XMJ1 HezanexcHo 8id HaseHocmi XA Ha noYamky
mepanii HiAOMUHI6OM.

K/TKOYOBI C/TOBA: gopaTKOBi XpOMOCOMHi abepaliii; XpoHiYUHa Mi€noigHa neiikeMmisi; HINOTUHIG;
Apyra niHia Tepanii ITK (iHri6iTopy TMpo3uHKiHa3); NPOrHO3yBaHHS; PE3NCTEHTHICTb.

IHdopmaLis npo aBTOpIB

AmunTtpeHko IpmHa BiTtaniiBHa - kaHA. 6ion. Hayk, CTapwnii HayKOBUIM CNiBPOBITHUK nabopaTtopii
iMyHOreHeTUKW Biaainy rematonorii Ta TpaHcnaaHTonorii, 4Y “HauioHanbHMin HayKOBWUI LIeHTP pagiaLinHoi
MeANUMHN HalioHanbHOI akagemii MeAnyHnX HayK YKpaiHu".

MiH4yeHKo XXaHHa MuKonaiBHa - 4-p 6ion. Hayk, npodecop, 3aBigyBay nabopaTtopii iMyHOreHeTUKM Bigainy
rematosorii Ta TpaHcnaaHTonorii, Y “HauioHanbHMiA HayKOBUI LeHTP pagiauinHoi MegnumHm HauioHanbHoi
aKageMii MefnYHMX HayK YKkpaiHn".

depopeHko Bipa MpuropiBHa - MONOALLNIA HAayKOBWUY CNiBPOBITHNK 1abopaTopii iMyHOreHeTVKN Bigainy
rematosorii Ta TpaHcnaaHTonorii, Y “HauioHanbHMi HayKOBUI LeHTP pagiauinHoi MeanumHu HauioHanbHoi
aKageMii MefnYHMX HayK YKpaiHn".

Asarine IpnHa CepriiBHa - 4-p Mea. Hayk, 3aBigyBau BigfineHHsA pajiaLlinHoi oHkoremaTtosorii Ta
TpaHCNaHTawji CToBOYPOBUX KNITUH BigAiny remaTonorii Ta TpaHcnaaHTonorii, 4Y “HauioHanbHWiA HayKoBuiA
LeHTp pagiauiliHoi MmegnumHu HauioHanbHoI akageMii MeagnYHNX HayK YKpaiHn".
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MORTALITY ANALYSIS OF THE PATIENTS WITH ALCOHOLIC LIVER
CIRRHOSIS

N.R. Matkovska
IVANO-FRANKIVSK NATIONAL MEDICAL UNIVERSITY, IVANO-FRANKIVSK, UKRAINE

Background. Alcohol is considered to be the main risk factor for adverse event deaths around the world.
In Ukraine, mortality due to alcoholic liver disease (ALD) has taken the second place in the structure of death
causes from diseases of the digestive system.

Objective. The aim of the research was to study the peculiarities of the causes of death in the patients with
alcoholic liver disease at the stage of liver cirrhosis (LC) based on the analysis of protocols of pathoanatomical
research.

Methods. The analysis of 149 protocols of the pathoanatomical study of the patients, who died from alcoholic
LG, has been carried out at the premises of the Pathoanatomical Department of the Ivano-Frankivsk Regional
Clinical Hospital in 2006-2018.

Results. Most people were young and middle aged. Fatal cases were caused by decompensation of the LC
with the development of hepatic, hepatic-renal, cardio-pulmonary insufficiency, pancreatic necrosis, gastrointestinal
bleeding (GIB), sepsis, hepatocellular carcinoma (HCC). In 37.6 % of the patients the concomitant illness was
coronary heart disease (CHD), 10.7 % of the people had hypertension. In 6 % of the patients, ischemic stroke of
the brain was diagnosed. In most people atherosclerotic vascular changes were revealed.

Conclusions. Excessive consumption of alcohol and, consequently, the development of LC, can be considered
as an adverse factor in the reducing social standard of living. In the majority of people, who died from the
decompensation of alcoholic LC, atherosclerotic vascular lesions have been detected. This indicates a significant

PUBLIC HEALTH AND EPIDEMIOLOGY

prevalence of lipid metabolism disturbance in the people with alcoholic LC.
KEY WORDS: liver cirrhosis, alcoholic; cause of death; coronary disease; atherosclerosis.

Introduction

Demographic processes in Ukraine have
signs of a protracted demographic crisis, which
is closely related to the historical and socio-
economic peculiarities of the country's deve-
lopment. It is well-known that Ukraine belongs
to countries with a progressive decline in
demographic and reproductive potential, which
leads to depopulation and population decline.
At the beginning of 2016, the number of child-
ren in the population of Ukraine was 16.1 %,
those of working age - 61.8 %, older than able-
bodied - 22.1 %. The prevalence of women in
the elderly as a result of higher mortality among
males is the peculiarity of gender imbalance.
Demographic aging, that is, the steady increase
in the proportion of economically and socially
inactive elderly people, combined with a de-
crease in the proportion of able-bodied people,
has a directimpact on various spheres of life in
the Ukrainian society [1, 2].

Corresponding author: Natalia R. Matkovska, Ivano-Frankivsk
National Medical University,

16 Kropyvnytskyi str., Ivano-Frankivsk 76018

e-mail: nmaildyou@gmail.com

Along with the aging of the population, the
increase inthe mortality rate, whichis associated
with endogenous diseases (circulatory and
neoplastic diseases) and exogenous (respiratory
diseases, digestive disorders, infectious and
parasitic diseases, external) causes, is a topical
issue. Inrecentyears, much attention has been
paid to the increase in the incidence of so-called
non-infectious diseases, which is becoming a
sign of not only an epidemic, but also a possible
future pandemic [3, 4, 5]. According to the WHO,
41 million people die from these diseases every
year, accounting for 71% of all deaths in the
world. Annually 15 million people between 30
and 69 years of age die from them. Cardiovas-
cular diseases (stroke, heart attack) and malig-
nant neoplasms are leading in prevalence and
mortality among non-infectious diseases [6, 7].

Non-communicable diseases are the result
of the combination of genetic, physiological,
environmental and behavioural factors. Beha-
vioural factors belong to the modified factors,
and they can be changed. These include the use
oftobacco, lack of physical activity, inappropriate
nutrition, and alcohol abuse. The other not less
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important factors include metabolic factors:
increased blood pressure, overweight/obesity,
hyperglycemia, hyperlipidemia [8, 9, 10].

Among non-infectious diseases caused by
these risk factors, the digestive diseases
together with the increase of the proportion of
deaths are significant. Fibrosis and LC, alcohol
and non-alcoholic liver diseases, which accounts
for more than 50 % of those who died of di-
gestive diseases, contributed much to mortality
from this class of deaths causes. The reasons
for this are the continuous increase of quan-
titative and qualitative types of such patients,
frequent chronic diseases, prolonged and
severe courses, unfavourable consequences of
a disease, prevailing affection of people of
working age that is associated with medical and
socio-economic factors [11, 12, 13].

The main causes of liver damage are alco-
hol, viruses, non-alcoholic fatty liver disease.
Alcohol is considered to be the main risk factor
for adverse lethal outcomes around the world.
Alcohol abuse is third among the causes of
mortality among young people after tobacco
and arterial hypertension and secondarily
among the causes of liver transplantation in
Europe. In Ukraine, mortality due to ALD takes
the second place in the structure of causes of
death from digestive diseases [14, 15, 16].

The aim of the research was to study the
peculiar features of the death causes in the
patients with ALD at the stage of LC based on
the analysis of protocols of pathoanatomical
investigation.

Methods

The analysis of 149 protocols of patho-
anatomical research of the patients, who died
from alcoholic LC at the premicies of the
Pathoanatomical Department of the Ivano-
Frankivsk Regional Clinical Hospital in 2006-
2018, was conducted. The average age of pa-
tients was (56+12.1) years old (y. 0.): women -

(44.619.2) y. 0., men - (57.6+11.8) y. o., the
average duration of the disease was (6.6+1.8)
years. The patients were divided into groups by
age as follows: 44 young people (31 males and
13 females), 76 middle-aged persons (64 males,
12 females), 29 elderly patients (19 males, 10
females).

Results

According to the Child-Pugh criteria, among
the patients with the LC, who died, there are 9
(6%) persons with stage A of the disease, 26
(17.5%) - with stage B, 114 (76.5%) persons -
with stage C. The causes of death in the patients
with the LC of alcoholic etiology were pancreatic
necrosis (4.7 % of patients with stage A, 8.8 %
of patients with stage B and 1.3 % of patients
with stage C), gastrointestinal bleeding (GIB) -
in 4 % of patients with stage B and in 36.3 % of
patients with stage C, liver failure - in 17.4 % of
patients with stage C, liver and kidney failure -
in 1.3 % of people with stage B and in 10.7 % of
persons with stage C, sepsis - in 1.3 % of
patients with stage B and in 6.7 % of patients
with stage C, cardio-pulmonary insufficiency -
in 1.3 % of patients with stage A and 2 % of
patients with stage B, HCC - in 4 % of people
with stage C (Table 1).

According to the medical records, in all
patients who died, the signs of portal hyper-
tension, hepatosplenomegaly, cytolytic, hepa-
todepressive, mesenchymal-inflammatory
syndrome were revealed. Among the manifes-
tations of hepatic hyperazotemia there were
hepatic encephalopathy and hepatopulmonary
syndrome in all patients and hepatorenal
syndrome - in 87.9 % (3.4 %, 10.7 %, 4.7 % of
cases in young, middle aged and elderly
patients), respectively. The signs of cholestasis
syndrome were detected in 88.6 % of patients.

Excessive subcutaneous fat was in 34.9 %
of cases, satisfactory - in 42.3 %, insufficient - in
22.8 %. 134 (89.9 %) patients had ascites; 18.1

Table 1. Death causes in the patients with liver cirrhosis

Stage of Child-Pugh criteria
A B C
Death causes (n=9) (n=26) (n=114)

n % n % n %
Pancreatic necrosis 7 4.7 13 8.8 2 1.3
Gastrointestinal bleeding - - 6 4 54 36.3
Liver failure - - - - 26 17.4
Liver and kidney failure - - 2 1.3 16 10.7
Sepsis - 2 1.3 10 6.7
Cardio-pulmonary insufficiency 2 1.3 3 2 -
Hepatocellular carcinoma - - - - 6 4
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% of them suffered from ascites-peritonitis.
Septicemic condition was revealed in 8.7 % of
cases and steatonecrosis of the omentum - in
16.1 % of people. Hydrotorax was diagnosed in
83.2 % of cases, hydropericardium -in all cases.
Varicose of the oesophagus veins was diagnosed
in all the lethal outcomes: of the 1%t stage - in
9.4 % (14 persons), 2" stage - in 20.8 % (31
persons), 3" stage - in 69.8 % (104 persons) of
cases, varicose veins of the stomach were
present in 40.9 % of cases. The bleeding from
varicose veins of the oesophagus was in 57.7 %,
a combination of bleeding from the veins of the
oesophagus and the stomach - in 30.2 % of
cases. Depending on the age, the GIB was in
10.7 %, 18.8 %, 6.7 % of the patients of young,
middle and old age, respectively. Among men,
GIB was revealed in 35.5 % of young people, in
35.9 % of middle-aged patients, in 15.4 % of the
elderly. Among women, GIB was revealed in
38.5 % of young people, in 41.7 % of middle-
aged patients and 30 % of the elderly (Table 2).

Erosive gastroduodenitis was revealed in
66.4 % (99 persons) of cases, acute ulcers of the
duodenal bulb (DB) - in 10.7 % (16 persons),
acute ulcers ofthe stomach-in 2.7 % (4 persons).
The umbilical hernia was present in 12.7 % of
cases. Chronic hemorrhoids were diagnosed in
10.7 % of people (with bleeding in 4.7 % of
cases).

Mild anemia was evidenced in 14.1 % of
patients, moderate - in 39.6 %, severe - in
49.7 %. In 86.6 % of cases, the signs of chronic
pancreatitis were revealed, 55 % of patients had
pancreatic lipodystrophy, 14.8 % suffered from
pancreatic necrosis (young and middle-aged
persons), 7.4 % had cholelithiasis, 61.7 % - the
signs of chronic cholecystitis, in 2 % of people
the signs of cholangitis were present. Hypotonia
of the gall bladder was revealed in 12.1 % of all
cases.

Type 1 diabetes mellitus was diagnosed in
2 % of young people, type 2 -in 4.7 % of middle-
aged and elderly people. Chronic pyelonephritis

Table 2. The revealed pathoanatomical changes of internal organs depending
on the liver cirrhosis decompensation stage

Stage by Child-Pugh criteria
Pathological changes of internal organs A B C
n % n % n %
9 6 26 17.5 114 76.5
Cardiovascular system:
- hydropericardium 9 6 26 17.5 114 76.5
- hypertension 6 4 8 54 2 1.3
-IHD 3 2 22 14.8 31 20.8
- atrial fibrillation - - 3 2 2 13
- ischemic stroke of the brain in anamnesis 3 2 6 4 7 4'7
- chronic venous insufficiency of the vessels of the '
lower extremities 9 6 24 16.1 22 14.8
- atherosclerosis of the coronary arteries 2 13 10 6.7 5 3.4
-- stage of the lipid stain 5 3.4 10 6.7 17 11.5
-- stage of atherosclerotic plaque - - 4 2.7 - -
-- complicated plaque with ulceration 3 2 3 2 2 1.3
-- narrowing of LCA by 10% 3 2 2 1.3 2 1.3
-- narrowing of LCA by 30% - - 3 2 - -
-- narrowing of LCA by 50% 4 2.7 8 5.3 5 3.4
- atherosclerosis of the iliac arteries 4 2'7 g 143 > 34
-- stage of the lipid stain 9 6 26 175 84 56.4
-- stage of atherosclerotic plaque 2 13 9 6 36 24.2
- atherosclerotic changes in the aorta 4 27 12 8 42 282
-- stage of the lipid stain 3 2 5 3.4 6 4
-- stage of atherosclerotic plaque
-- complicated plaque with ulceration
Respiratory system:
- hydrothorax - - 10 6.7 114 76.5
- pu|m0nary edema 9 6 26 17.5 114 76.5
- pulmonary emphysema - - 2 1.3 4 2.7
. : - - 7 4.7 98 65.8
pheumonia . . 6 4 | 35 | 235
- pleurisy i i 3 N 8 4
- CORP )
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Stage by Child-Pugh criteria
Pathological changes of internal organs A B C
n % n % n %
9 6 26 17.5 114 76.5
Digestive system:
- portal hypertension 9 6 26 17.5 114 | 76.5
- cytolytic syndrome 9 6 26 17.5 114 76.5
- hepatodepressive syndrome 9 6 26 | 17.5 | 114 | 765
- mesenchymal-inflammatory syndrome 9 6 %g B? Hi Zgg
: ;Zg'teesstas's syndrome - - | 20 | 134 | 114 | 866
. N - - - - 27 | 18.1
- ascites-peritonitis ) } 3 ) 24 16.1
- steatonecrosis of the omentum 9 6 26 17.5 14 | 765
- splenomegaly - - - - 19 | 127
- umbilical hernia 9 6 26 | 175 | 114 | 765
- varicose of the esophagus veins 9 6 5 34 - -
1-st degree - - 21 14.1 10 6.7
2-nd degree - - - - 104 | 69.8
3-d degree - - - - 86 | 57.7
-- with bleeding ) . ) ) 61 40.9
- varicose veins of the stomach i ) : ) 45 30.2
: X - - 8 53 91 61.1
-- with bleeding ) ] N ) 16 107
- erosive gastroduodenitis ; B ) ) 4 2_'7
- acute ulcers of the duodenal bulb . i, 3 2 13 8.7
- acute ulcers of the stomach - - - - 7 4.7
- chronic hemorrhoids - - 15 10.1 114 76.5
- hemorrhoidal bleeding - - 6 4 76 51
- chronic pancreatitis 10 6.7 8 54 4 2.7
- pancreatic lipodystrophy 2 1.3 5 34 4 2.7
- pancreatic necrosis - - 16 | 107 | 76 51
- cholelithiasis ) . ) ) 3 2
- chronic cholecystitis 138 122'1
- cholangitis ) ] 2 13 5 34
- hypotonia of the gall bladder
- type 1 diabetes mellitus
- type 2 diabetes mellitus
Urinary system:
- chronic pyelonephritis - - 2 1.3 12 8.1
- kidney cyst - - - - 3 2
Nervous system:
- encephalopathy 9 6 26 17.5 114 | 76.5
- alcoholic delirium in anamnesis 7 4.7 4 2.7 - -

was present in 9.4 % of cases, kidney cyst -
in2 %.

Pneumonia was diagnosed in 70.5 %,
pleurisy - in 27.5 %, chronic obstructive pul-
monary disease (COPD) - in 7.4 %, pulmonary
emphysema - in 4 %. In 4.7 %, chronic venous
insufficiency of the vessels of the lower
extremities was revealed.

Among the concomitant diseases, hyper-
tension was present in 10.7 % of middle aged
and elderly patients, ischemic heart disease
(IHD) -in 37.6 % of cases, 3.4 % of these patients
suffered from atrial fibrillation. 6 % of patients
had ischemic stroke of the brain in anamnesis,
and 7.4 % - alcoholic delirium. The signs of
atherosclerosis were also evidenced. Particu-

larly, the biochemical parameters of the lipid
spectrum were characterized by an increase in
the content of total cholesterol in the blood,
low and very low-density lipoprotein cholesterol.
Moreover, the degree of increase of these
indicators was directly proportional to the
degree of decompensation of LC.
Atherosclerotic changes in the aorta at the
stage of lipid stain were present in 31.5 % of
cases, at the stage of atherosclerotic plaque -in
38.9 %, at the stage of complicated plaque with
ulceration - in 9.4 % of people. Atherosclerosis
of the left coronary artery (LCA) was revealed
in 11.4 % at the lipid staining stage, at the stage
of atherosclerotic plaque -in 21.5 %, ulcerated
atherosclerotic plaque was present in 2.7 %.
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Narrowing of LCA by 10% was revealed in 5.3 %
of cases, by 30 % - in 4.7 %, by 50 % - in 2 %.
Atherosclerosis of iliac arteries was present in
11.4 % of patients.

Discussion

Consequently, analyzing clinical records of
the pathoanatomical study of the patients with
alcoholic LC, it was established that most
patients were young and middle aged and died
from decompensated LC with the development
of multiple organ failure. In all cases, there was
a lesion of the pancreas, in half of them lipo-
dystrophy was revealed. Bleeding from varicose
veins of the esophagus and stomach was the
cause of death in 57.5 % of people, 14.8 % of
patients died from pancreatic necrosis, 4 % -
from HCC. IHD was the concomitant illness in
37.6 % of the patients. More than 70 % of the
dead had atherosclerotic lesions of aorta, and
one third of the persons had injured coronary
vessels.

Excessive consumption of alcohol and,
consequently, the development of LC, can be
considered as an adverse factor in the reducing
social standard of living. Fatal cases were
caused by decompensation of LC, development
of multiple organ failure, pancreatic necrosis,
bleeding from the esophagus and stomach
veins, HCC. Special attention should be paid to
the combination of ALD with atherosclerotic
vascular changes revealed in 79.8 % of people,
indicating a significant prevalence of lipid
metabolism disorders among people with
decompensated alcoholic LC.

Consequently, analyzing clinical records of
the pathoanatomical study of the patients with
alcoholic LC, it was established that most
patients were young and middle aged and died
from decompensated LC with the development
of multiple organ failure. In all cases, a lesion
of the pancreas was present, in half of them
pancreatic lipodystrophy was revealed. The
cause of death in 40.3 % of people was bleeding
from varicose veins of the esophagus and
stomach with subcompensation and decom-
pensation of LC, 17,4 % of patients died from
hepatic failure with decompensation of LC, 13.5
% of patients died from pancreatic necrosis with
compensation and subcompensation of LC.
Hepatic-renal failure was cause of death of the
patients with subcompensation and decom-
pensation of LC. Sepsis caused death of 8 % of
people with subcompensation and decom-

pensation of LC, 4 % of patients died from HCC.
Cardio-pulmonary failure caused death in the
patients with compensation and subcom-
pensation of LC.

The cytolytic, hepato-depressive, mesen-
chymal-inflammatory, hepatic encephalopathy,
cholestatic, hepatorenal, anemic, hepatopul-
monary syndromes and portal hypertension
were especially significant in the patient with
subcompensation and decompensation of LC.

More than a third of people had over-
developed subcutaneous fat. IHD was the
concomitant illness in 37.6 % of the patients.
More than 70 % of the dead had atherosclerotic
lesions of aorta, and one third of the persons
had injured coronary vessels.

Excessive consumption of alcohol and,
consequently, the development of LC, can be
considered as an adverse factor in the reducing
social standard of living. Fatal cases were
caused by decompensation of LC, development
of multiple organ failure, pancreatic necrosis,
bleeding from the esophagus and stomach
veins, HCC. Special attention should be paid to
the combination of ALD with atherosclerotic
vascular changes revealed in 79.8 % of people,
indicating a significant prevalence of lipid
metabolism disorders among people with
decompensated alcoholic LC.

Conclusions

Analyzing clinical records of the patho-
anatomical study of the patients with alcoholic
liver cirrhosis, it was established that most
patients were young and middle aged and died
from decompensated LC with the development
of multiple organ failure. Bleeding from
varicose veins of the esophagus and stomach
were the causes of death in 57.5 % of people,
14.8 % of patients died from pancreatic necrosis,
4 %-from HCC. IHD was the concomitantillness
in 37.6 % of the patients. More than 70% of the
dead had atherosclerotic lesions of aorta, and
one third of the persons had injured coronary
vessels. Pancreatic necrosis and cardio-pul-
monary failure were the causes of death in most
people with stages A and B. GIB, hepatic and
hepatic-renal failure, sepsis, and development
of HCC were the causes of death in most people
with stage C. IHD was the concomitant illness
in 37.6 % of the patients.
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AHAJII3 CMEPTHOCTI XBOPHX HA AJIKOTOJIBHUM ITUPO3 IIEUYTHKH

. . H.IU’. MaTKoBCbKa
ABH3 “IBAHO-®PAHKIBCbKUW HALUIOHAJ/IbHUN MEANYHUN YHIBEPCMTET’C
IBAHO-®PAHKIBChHK, YKPAIHA

BcTyn. A1k020/6 8U3HOOMbL OCHOBHUM HAKMOPOM PU3UKY HeCnpusmausux emasasHUX 308epuieHs y
8cboMy c8imi. B YkpaiHi cMepmHicmb 8HACNIO0K G/1K020/16HOI X80pobu nediHku (AXTI) nocina opyze micye 8
Cmpykmypi npu4uH cMepmi 8id Xx8opo6 op2aHi8 MPaB/eHHS.

MeTa. Memotro 6ysn0 sugyumu ocobaugocmi npu4yuH cmepmi y ocié 3 AXI Ha cmadii yupo3sy neviHku (L)
HQ OCHO8i QHAI3Y NPOMOKO/i8 NAMO/020AHAMOMIYHO20 00CAIOHEHHS.

MeTopawu. MposedeHo aHaAni3 149 npomoKosai8 NAMOA020AHAMOMIYHO20 OO0CNIOHEHHSA NOMepPAUX HA
anko20a6HUU LT Ha 6a3i NaM0s10200HAMOMIYHO20 8i00ineHHS I8aHO-PPAHKIBCLKOI 06/10CHOI KAIHIYHOI iKapHI
3a nepiod 2006-2018 pp.

PesynbTaTu. binbwicmes 0ci6 6ysnu M0100020 Ma cepedHb020 BiKy. JlemasnbHi 8UNAOKU 6yauU 3ymMoeneHi
dekomneHcayi€ero LT 3 po3suMKoOM neviHKo80I, ne4iHKo80-HUPKOBOI, cepyeso-nezeHeg8oi HedocmamHocmi,
NAaHKPEeOoHeKpo3y, W/yHKOBO-KUWKOBUX KpOBOMEY, Cencucy, 2enamouyentoisipHoi KapyuHomu. Y 37,6% nomepaux
CynymHsoto xeopoboro byna iwemiyHa xeopoba cepysd, y 10,7% ocié - 2inepmoHiyHa xeopoba. ¥ 6% oci6 e
aHamHe3si bye nepeHeceHul iemiyHUl iHCY1bm 20108H020 MO3KY. ¥ 6i16LIO0CMI 0Cib 8USABIEHO AMEPOCKAEPOMUYHI
3MiHU CYyOUH.

BUCHOBKW. HadMipHe 8XCUBAHHA AKO20/H0 I, IK HACAIOOK, pO38UMOK LUPO3y NEYiHKU MOXCHA 88axcamu
HecnpuamauBUM YUHHUKOM 3HUXCEHHS pi8HS 300p08’a HaceneHHA. Y binewocmi ocib, wjo nomepau 8HACAi0oK
dekoMneHcayii a1K020/6H020 8USBAEHO AMEPOCKAePOMUYHI YpaxeHHS CyOuH. Lje eka3ye Ha 3HAYHY

nowupeHicmes nopyweHHs inidH020 06MiHy y 0Ci6 3 a/K020/16HUM YUPO30M NeYiHKU.
K/TKOYOBI C/TIOBA: ankoronbHUiA LLMPO3 NeYiHKU; NPUUNHU CMepTi; iluemMiuHa xBopo6a cepus;

aTepocknepos.
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PROBING BREAST CANCER THERAPEUTIC RESPONSES BY DNA CONTENT
PROFILING
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Background. Discrepancies in the interpretation of breast cancer therapeutic responses still exist mainly
because of lack of standardized assessment criteria and methods.

Objective. DNA content profiling of cells in the affected (cancerous) tissue before and after neoadjuvant
chemotherapy (NAC) was applied to facilitate interpretation of therapeutic responses.

Methods. Both diagnostic biopsy and operation materials representing the tissue of primary tumors surgically
removed after NAC were subjected to DNA image cytometry. Polyploidy and aneuploidy in DNA histograms were
evaluated with a prognostic Auer typing. Stemline DNA index (DI) values and percentages of cells that polyploidize
(>4.5C) were also determined. Immunofluorescence staining was applied to evaluate proliferation (Ki-67),
invasiveness (CD44), and self-renewal factors characteristic for stem cells (SOX2 and NANOG).

Results. DNA content profiles of 12 breast cancer cases, of which 7 were triple-negative, revealed the features
of tumor non-responsiveness to NAC in 7 cases, of which 5 were triple-negative. Among non-responsive cases
there were 3 cases that showed enhanced polyploidization, suggesting the negative NAC effect. Near-triploid
(DI=1.26-1.74) triple-negative cases were determined as most resistant to NAC. Cycling near-triploid cells may
contribute to the excessive numbers of >4.5C cells. Polyploid cells were positive for Ki-67, CD44, SOX2, and NANOG.

Conclusions. DNA content profiling data provide additional helpful information for interpreting therapeutic
responses in NAC-treated breast cancers. Polyploid tumor cells possessing stem cell features can be induced by
NAC. Because NAC effects in some cases may be unfavorable, the use of the further treatment strategy should be

carefully considered.

KEY WORDS: breast cancer; polyploid cells; near-triploidy; DNA content profiling; therapeutic

response; cancer stem cells.

Introduction

Neoadjuvant therapy that was initially
designed for the preoperative treatment of
patients with locally advanced breast cancer [1]
presently provides a good opportunity to
evaluate therapeutic response of primary
tumors and customize subsequent conventional
non-surgical treatment [2-5]. Therapeutic
response is usually assessed by means of
histological examination of the affected breast
tissue stained with hematoxylin and eosin. To
date, most histological criteria consider the
absence of invasive cancer cells in the breast
and regional lymph nodes as a pathologic
complete response (pCR) [3, 4]. Contrary to the
patients, who have partial or no response, those
patients, who achieve pCR, largely have favo-
Wncﬁngauthor*: Bogdan I. Gerashchenko, MD, Ph.D.
R.E. Kavetsky Institute of Experimental Pathology, Oncology
and Radiobiology of NASU, 45 Vasylkivska Str., Kyiv 03022,
Ukraine

Phone: +380 44 2571177, FAX: +380 44 2581656
E-mail: biger63@yahoo.com

rable prognosis (improved long-term, disease-
free, and overall survival) [5]. Although the
histological assessment of therapeutic respon-
ses significantly helps to determine prognosis
in breast cancer, the problem caused by dis-
crepancies in the interpretation of results
obtained from different pathologists remains
unresolved mainly because of lack of stan-
dardized assessment criteria and methods [4,
5]. Moreover, the term pCR still needs to be
appliedin a consistent, standardized manner [6].

Breast cancer as many other solid tumors
is predisposed to high degrees of aneuploidy
(abnormal chromosome number) [7, 8] that
correlates with the resistance to anti-cancer
treatment and poor prognosis [9]. To minimize
misinterpretations in histopathologic scoring
of therapeutic responses, DNA content profiling
of cells in the affected breast tissue before and
after neoadjuvant therapy seems to be a good
option since this technique is capable of
detecting tumor cell DNA aneuploidy that may

BIOMEDICAL SCIENCES

ISSN 2413-6077. JMMR 2019 Vol. 5 Issue 1

B.I. Gerashchenko et al.

>

7



BIOMEDICAL SCIENCES

often be unseen by histopathologists. In other
words, the advantage of the technique is in
detection of very small numbers of aneuploid
tumor cells in a large cohort of analyzed cells.
In this regard, the intra-tumor genetic diversity
that can potentially be manifested in clonal
heterogeneity is worth mentioning [10, 11].
There are situations when in a tumor the drug-
sensitive dominant clones can be eliminated,
while the minor resistant clones or sub-clones
can be hiding in a dormant state followed by
accelerated cell proliferation. Also, to date, the
issue of detecting and quantifying the resistant
tumor cells that polyploidize in response to
genotoxic therapies is of pivotal importance
[12,13]. Cytometric determination of DNA con-
tent in tissue specimens for detecting malig-
nancies, monitoring responses to therapy, and
prognosing disease outcome is very important
and demanding [12, 14]. Notably, cell nuclei
isolated from aneuploid-gated distributions by
means of fluorescence activated cell sorting can
be subjected to single-cell DNA and RNA
sequencing to study breast cancer chemore-
sistance evolution [15].

In this study, the image cytometry-based
DNA content profiling of cells of the affected
breast tissues of women predominantly with
locally advanced Stage III disease before and
after neoadjuvant chemotherapy (NAC) with
paclitaxel and doxorubicin was performed. DNA
histograms were categorized into 4 types (I-1V)
according to Auer [16] to estimate the grade of
malignancy for diagnostic and prognostic
purposes. Positions of stemline DNA aneuploidy
peaks as well as the number of polyploidizing
cells (>4.5C) were taken into account while
analyzing DNA content profiles. The DNA
content profiling data were compared with
Miller-Payne histopathologic grades specifically
designed for evaluation of therapeutic res-
ponses [17]. One of the therapy-resistant cases
that showed extensive polyploidization was
chosen for immunocytochemical staining to
evaluate cell proliferation (Ki-67), invasiveness
(CD44), and self-renewal factors typical for stem
cells (SOX2 and NANOG).

Methods

Patients and clinico-pathologic infor-
mation

The study involved 12 breast cancer patients
(age range: 33-75), who underwent diagnostic
procedures at the Latvian Oncology Centre of
the Riga East University Hospital in 2014 and
2015. The tissue specimens were collected after
the patients’ informed consent was obtained

in accordance with the regulations of the
Committee of Medical Ethics of Latvia. The
clinico-pathologic information about these
patients, such as staging (ranged from I to IV),
anatomic extent of disease according to TNM
classification, overall grading (ranged from 1
to 3), proliferation status (based on scoring of
Ki-67-positive cells in biopsies before treatment)
and the status of ER, PR and HER2 receptors,
was obtained from the aforementioned clinics.
In the study group, 11 patients suffered from
locally advanced breast cancer (predominantly
Stage III disease). A case was diagnosed as
triple-negative breast cancer (TNBC) if lack of
ER and PR expression was accompanied by lack
of HER2 expression as confirmed by commercial
HercepTest (Dako, Glostrup, Denmark) showing
HER2 levels at 0 or 1+. There were 7 cases
diagnosed as TNBC. Such an excessive number
of TNBC cases were collected intentionally
because they were expected to be resistant to
NAC. After completion of diagnostic procedures,
the patients underwent 3-9 courses of NAC with
standard doses of paclitaxel and doxorubicin
followed by surgical removal of the affected
tissue. NAC effects (therapeutic responses)
were evaluated by Miller-Payne histopathologic
grading system [17]. In brief, this grading
system based on the comparison of tumor
cellularity of the core biopsy (before NAC) with
that of the resected tumor (after NAC) is
presented as follows: grade 1 - no reductionin
overall cellularity; grade 2 - a minor loss of
tumor cells (<30%); grade 3 - moderate loss
(30-90%); grade 4 - a significant loss (>90%);
and grade 5 - no residual invasive cancer.

DNA image cytometry

The samples of diagnostic core biopsy or
operation material (resected breast tissue
specimens) were prepared on poly-L-lysine-
coated microscope slides (Thermo Fisher
Scientific, Waltham, MA, USA) and stained with
a stoichiometric DNA dye toluidine blue (TB;
Thermo Fisher Scientific) according to the
published procedures [18, 19]. In brief, once
samples had been fully air-dried on slides, they
were fixed in acetone/ethanol mixture (1:1) for
atleast 30 min at4 °Cand dried again. Samples
were treated with 5N HCI for 20 min at room
temperature, washed in a distilled water
(5%x1 min), then stained with 0.05% TB in 50%
Mcllvain citrate-phosphate buffer (pH 4.0).
Immediately after staining, samples were
rapidly washed in distilled water (3 times by
dipping) and promptly blotted with absorbing
sheets of paper followed by dehydration in
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butanol (2x3 min at 37°C). Samples were then
immersed in xylene (2x3 min at room
temperature) and embedded in DPX mounting
medium (Sigma-Aldrich, St. Louis, MO, USA).

Digital images of at least 200 randomly
selected and undistorted cell nuclei were
collected with 100x objective magnification
using Ergolux L03-10 microscope (Leitz,
Germany) equipped with DXC-390P color video
camera (Sony, Tokyo, Japan) calibrated in the
green channel. DNA content per cell nucleus
was measured as integral optical density using
Image-Pro Plus 4.1 software (Media Cybernetics,
Rockville, MD, USA). DNA content histograms
were analyzed in accordance with the basic
performance standards of diagnostic image
cytometry [20]. DNA peaks were identified as
aneuploid, if they deviated more than 10% from
the normal diploid (2C in G,) or tetraploid (4C
in G,) region (10% is the estimated integral error
of the method). As a reference for locating
normal 2C peaks, the nuclei of leukocytes
persisting in a sample were analyzed as well.
To classify breast cancer DNA content histo-
grams, the approach proposed by Auer et al.
[16] was used. For example, the histograms
characterized by a single peak in 1.5-2.5C
region (diploid and near-diploid region) were
classified as type I, whereas the histograms
characterized by a single peak in 3.5-4.5C
region (tetraploid and near-tetraploid region)
but sometimes supplemented with an additional
peakin 1.5-2.5C region were classified as type
II. In the type II histograms, the number of cells
with ploidy of >4.5C together with the cells of
ploidy ranged from 2.5C to 3.5C (predominantly
near-triploid range) was less than 10%. The type
III histograms represented highly proliferating
cells (>5%) that scattered between normal or
near-normal 2C and 4C peak positions. Less
than 5% of cells had >4.5C. The type IV
histograms were characterized by a large
fraction of aneuploid cells (>5%) with increased
and scattered DNA content significantly
exceeding the normal 4C peak position (>4.5C).
DNA histograms of types Il and IV are indicative
of the worst prognosis [16]. Ploidy-related
parameters such as DNA index (DI) that
characterizes aneuploidy and the percentages
of cells exceeding 4.5C that characterize
polyploidization were also determined. DI
introduced by Barlogie et al. [21] was defined
as the ratio of the modal DNA value of the
abnormal cells in G, to the modal DNA value of
the normal diploid cells in G,.

Immunofluorescence staining

The imprints of surgically removed fresh
tissue specimens were prepared on poly-L-
lysine-coated microscopy slides (Thermo Fisher
Scientific) followed by fixation and staining
according to the published procedures [19].
Samples were fixed in methanol at -20°C for 7
min and dipped 10 times in ice-cold pure
acetone. After fixation, samples were rinsed
with Tris-buffered saline (TBS; pH 7.4) supple-
mented with 0.01% Tween 20 (washing solution
abbreviated as TBST) 3x5 min and blocked in
TBS supplemented with 0.05% Tween 20 and
1% BSA at room temperature. After blocking,
samples were covered with TBS, 0.025% Tween
20, and 1% BSA, containing primary antibodies
to Ki-67 (1:50, rabbit polyclonal, PA5-16785,
Pierce), SOX2 (1:50, mouse monoclonal, MA1-
014, Pierce), NANOG (1:50, mouse monoclonal,
N3038, Sigma), and incubated in a humidified
chamber overnight at 4°C. Then samples were
washed with TBST 3x5 min at room temperature
and incubated for 40 min at room temperature
in the dark with the appropriate secondary
antibodies diluted in TBST: goat anti-mouse IgG
Alexa Fluor 488 (1:300, A31619, Invitrogen) or
goat anti-rabbit IgG Alexa Fluor 594 (1:300,
A31631, Invitrogen). Finally, samples were
rinsed with TBST 3x5 min followed by rinsing
with phosphate buffered saline (PBS; pH 7.3)
1x2 min. To clearly visualize cell nuclei, samples
were counterstained with DAPI (Sigma-Aldrich)
at concentration of 0.25 pug/ml for 2 min, rinsed
with PBS, and embedded in the anti-fade
reagent ProLong Gold (Invitrogen). As for
staining of CD44, samples were fixed in 4%
paraformaldehyde in PBS for 15 min at room
temperature followed by rinsing them with PBS
containing 0.1% glycine 3x5 min. All subsequent
steps were identical to those described above.
Dilution of the primary antibody to CD44 (rabbit
polyclonal, HPA005785, Sigma) was 1:50.

Results

Table 1 presents the clinico-pathologic
information for each of 12 breast cancer cases
supplemented by corresponding tumor DNA
content analysis data that were obtained before
and after NAC. The cases categorized in this
study as near-triploid (~3C), whose DI=1.26-1.74
(n=7), were those that had at least one ~3C
clone in spite of persisting the clones of other
ploidy. The rest of the cases were defined as
near-euploid, whose DI values fall into the
category of <1.26 and/or >1.74 (n=5). The
reason why we focused on the ‘triploid group’
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is that this category of patients compared with
others was found to predominantly have highly
malignant tumors leading to poor prognosis
[14, 22-24]. In addition, the near-triploid cases
can correlate with significant genomic gains
(>5C) occurring presumably due to active
proliferation of ~3C clones [22]. Although by
examining diagnostic biopsies we did find an
apparent increase in the number of >4.5C cells
in near-triploid tumors compared with near-
euploid ones (Fig. 1A), this finding was not
clearly attributed to the enhanced proliferation
of tumor cells, as evidenced by the results of
counting of Ki-67-positive cells in both groups
(Fig. 1B). Perhaps, much larger cohort of data
is needed to delineate the role of tumor cell
proliferation (particularly proliferation of ~3C
clones) in gaining the numbers of >4.5C cells.
Because an increase in the number of >4.5C
cells assuming polyploidization is indicative of
tumor aggressiveness and poor disease
outcome, it seems reasonable to clarify whether
NAC can eliminate them or considerably reduce
their presence. Figure 2A shows that NAC
completely eliminated >4.5C cellsin 2 cases (13
and 26) and considerably reduced the
percentage of such cellsin 3 cases (5%, 33*,and
34), suggesting the apparent positive effect of
NAC in 5 of 12 cases regardless of the ploidy
group they belong to. However, among other
7 non-responsive cases (3*, 11, 15, 17%, 27%,
29%*, and 30%*), there were 3 cases (15, 17*, and
30*) that distinctly showed enhanced
polyploidization, as evidenced by a significant
increase in percentages of >4.5C cells,

suggesting the negative (opposite) NAC effect.
All those 5 aforementioned cases that were
responsive to NAC showed the improved DNA
content profiles evaluated according to Auer
(Fig. 2B). Notably, the only one case (27*) of all
non-responsive cases showed an improvement
in DNA histogram from type III to type IL. To
demonstrate whether Auer DNA histogram
typing data can correlate with Miller-Payne
histopathologic scoring data, Figure 3 shows
both of these parameters well interrelated. A
distinct group of TNBC (3*, 5*, 17*, 29%*, and
30%) is likely to be the most resistant to NAC,
and all cases in this group except the case 29*
belong to the near-triploid class. Although the
case 27* showed an improved DNA histogram
(Fig. 2B), this one had the low grade 2 (Miller-
Payne scale, Fig. 3) confirming its resistance to
NAC. As for the case 13 that was well responsive
to NAC (Figs. 2A and 2B), this one, however, like
the case 27*, had the low grade 2 (Miller-Payne
scale, Fig. 3). Of all 12 cases, the best therapeutic
effects were achieved with regard to the near-
euploid case 26, which was not TNBC (Auer type
I vs. Miller-Payne grade 4, Fig. 3). Regrettably,
pCR was not achieved in all these cases because
none of them had the highest Miller-Payne
grade 5.

Discussion

Thus, the Auer types of DNA content profiles
of post-NAC breast cancer cases were generally
in agreement with corresponding Miller-Payne
histopathologic grades, but quantification of
>4.5C cells seems superior in terms of identi-
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Fig. 1. Percentages of >4.5C cells (A) and Ki-67-positive cells (B) in near-triploid (DI values are ranged from =
1.26 to 1.74) or near-euploid (DI values are <1.26 and/or >1.74) breast cancer cases before NAC. Asterisks 9
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fication of those cases that show the negative
NAC effect (in this study those cases were 15,
17*, and 30%*). Polyploidization that in some
non-responsive cases was gained by NAC is
likely to be attributed to ~3C clones. The most
of non-responsive cases examined here are

near-triploid TNBC, of which one case should
especially be pointed out. This is the case 17%,
which substantially differs from the rest of non-
responsive cases in terms of spectacular post-
NAC polyploidization of predominant 3C tumor
cells resulting in the growth of the fraction of

N
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Fig. 4. DNA content histograms of a triple-negative case (patient 17*) before NAC (A) and after NAC ac-
companied with microphotographs of TB-stained nuclei (scale bars = 10 um) (B).

6C cells accompanied by the appearance of
additional fractions of 12C and 24C cells
generated due to ploidy doublings (Fig. 4A vs.
Fig. 4B). Asignificant increase of the fraction of
2C cells (Fig. 4B) may take place due to de-
polyploidization [25]. Microscopic examination
of the operation material obtained after NAC
revealed the existence of multinucleated cells,
although those ones were rarely seen (Fig. 4B).
In this particular case (17*), like in some other
non-responsive cases, cells with large nuclei
were often observed as Ki-67-positive (Fig. 5A),
supporting the assumption that these cells are
capable of cycling. Among CD44-positive cells,
cells with large nuclei were widely present as
well (Fig. 5B), suggesting their invasive potential.
Moreover, ~80% of 2C cells that may represent
descendants of de-polyploidizing cells were
CD44-positive. In basal-like breast cancers, of
which 77% are TNBC [26], CD44-positive tumor
cells that can potentially be associated with
cancer stem cell phenotype are characteristic
of highly aggressive tumors with enhanced
invasiveness [27, 28]. Generation of drug-
resistant polyploid tumor cells gaining mesen-
chymal characteristics with elevated expression

of cancer stem cell markers (CD44 and CD133)
has been reported [29]. In addition to the
expression of Ki-67 and CD44, many cells with
large or small nuclei (up to 75%) can express
self-renewal factors characteristic for stem
cells, such as SOX2 and NANOG (Figs. 5C-D and
Figs. 5E-F, respectively). Notably, stress-induced
polyploidization of tumor cells (including breast
cancer cells) expressing self-renewal factors
was also demonstrated in vitro in other studies
by several groups of researchers, prompting us
to suppose that the polyploid cells and their
descendants released by de-polyploidization
can possess stem cell features [30-33]. This type
of stem cell-like gene expression signature is
characteristic of poorly differentiated aggressive
tumors including breast cancer often of basal-
like subtype [34]. Interestingly, ionizing radia-
tion may induce a breast cancer stem-cell
phenotype CD44*/CD24-** in differentiated
breast cancer cells with the involvement of
polyploid cells that express OCT4, SOX2,
NANOG, and KLF4, in a dose-dependent man-
ner [32]. The number of examples demonstra-
ting radio- or chemotherapy-induced either
stem-like and/or therapy-resistant state in
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Fig. 5. Microphotographs of immunofluorescence-stained imprints of the surgical post-NAC material of
patient 17* depicting cells positive for Ki-67, CD44, SOX2 and NANOG. (A) A group of large nuclei express-
ing Ki-67 in 15% of all Ki-67-positively stained nuclei. (B) Among CD44-positive cells (45%) there are many
cells with large nuclei. (C, D) Among SOX2-positive cells (75%) there are many cells with large nuclei. (E, F)
Among NANOG-positive cells (75%) there are many cells with large nuclei (in this image, two largest nuclei
may have 24C). All immunofluorescence preparations were counterstained with DAPI for DNA. Scale bars

=10 pm.

tumor cells is growing [15, 35, 36]. A recent
study of TNBC has shown that pre-existing sub-
clones can be adaptively selected by NAC
(adaptive resistance), followed by transcriptional
reprogramming to evolve the resistant phe-
notypes [15].

Conclusions

DNA content profiling provides a facile,
prompt, and accurate means of interpreting
therapeutic responses in NAC-treated breast
cancers. Because NAC effects for some breast
cancers may be negative, the use of the further
treatment strategy should be carefully con-
sidered. Therapy-resistant polyploid tumor cells
possessing stem cell features can be induced

in vivo as well, assuming that this process is not
autonomous, but rather stipulated by the
tumor microenvironment and intra-tumor
heterogeneity. These polyploid cells are not
quiescent and they manifest the invasiveness
phenotype that together with stemness are also
seen in descendants after de-polyploidization.
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OIITHKA BIJIIOBIAI PAKY MOJIOYHOT 3AJI031 HA TPOTUITVXJINHHY
TEPATIIIIO 3A IAHUMH JHK-ITUTOMETPII

B.I MepaweHko’, K. Salmina?, ). Eglitis?, J. Erenpreisa?

1 - IHCTUTYT EKCIIEPUMEHTAJIbHOI MATOJIOIT, OHKOJIOIII I PAAIOBIO/IONIT
IMEHI P.€. KABELIbKOIO HAH YKPAIHW, KUIB, YKPAIHA

2 - LATVIAN BIOMEDICAL RESEARCH AND STUDY CENTRE, RIGA, LATVIA

3 - UNIVERSITY OF LATVIA, RIGA, LATVIA

BcTyn. Po36ixcHocmi e iHmepnpemayii 8ionoegidi paky mono4Hoi 3a103u (PM3) Ha npomunyxauHHy mepanitro
8ce wje iCHyromb nepesaxcHo Yyepes 8idCymHicmes CmaHOapmMu308aHUX Kpumepiig oyiHku ma memodis.

MeTa po6oTwn. OyiHka epekmusHocmi 3acmocysaHHa npopintoeaHHsa emicmy AHK y knimuHax PM3 do i
nicaa Heoad'toeaHMHoOI ximiomepanii (HXT) 045 cnpoujeHHs iHmepnpemayii mepaneemu4Hozo epekmy.

MeToawm. lpenapamu diazHocmuyYHoi 6ioncii ma onepayiliHo2o Mamepiany (MKAHUHU Nep8UHHUX NYXAUH,
XipypaidHo sudaneHux nicas HXT), docnidxysanu 3a donomozoro AHK-yumomempii. [oninnoidito ma aHeynnoidito
¥ AHK 2icmozpamax oyiH8aau 30Cmocos8yrodu npo2HOCMUYHy munisayito Ayepa. Ha mux xce 2icmozpamax
gusHayanu AHK iHdekcu (DI) KNimuHHUX KAOHIi8 i 8i0cOMKU noAainaoiousyroyux knimuH (>4.5C). ImyHogayo-
pecyeHmHe 3a6aps/eHHs 3acmocosysasu 045 oYiHKU nponigepayii (Ki-67), ineazusHocmi (CD44) ma pakmopie
CaAMOOHOB/EHHSA, NPUMAMAHHUX cmoasbyposuM kaimuHam (SOX2 ma NANOG).

PesynbtaTu. [IpogintosaHHa emicmy AHK 12 sunadkie PM3, 3 akux 7 6yau mpudi-He2amusHUMU, 8UsS8U/0
03HAKU Hedyymaueocmi nyxauHu 0o HXT y 7 sunadkax, 3 AKux 5 6yau mpudi-HecamusHumu. Ceped He4yymaugux
0o HXT sunaodkis 6ynu 3 sunadku, AKi NOKA3aAU NOCUAEHY noainaoiousayir, Wo ceiddumes npo HecamugHul
epekm HXT. [Mapa-mpunnoidHi (DI = 1.26-1.74) mpu4i-He2camugHi 8unadku 8U3HaYeHi K Halibinbw peucmeHmHi
00 HXT. Mposipepyrodi napa-mpunaoioHi KAIMuUHU MOX/mMb hpu3800UMuU 00 3pOCMAHHS KiIbKOCMI NOAINA0IOHUX
KAimuH no3umusHux Ha Ki-67, CD44, SOX2 i NANOG.

BucHoBKW. JaHi AHK-yumomempii 3a06e3neyytome 000amMKOBOH KOPUCHOK iHPopmayieo 015
iHmepnpemayii 8idnoeidi paky Mo/n04YHOI 30103u PM3 HG npomunyxauHHY mepanito. [104inA0i0HI NyXAUHHI
KAIMUHU 3 0c061u80CMAMU CMOBBYPOBUX KAIMUH MOXCYMb Bymu iHOykoeaHi HXT. OcKinbku 8 deskux aunaokax
HXT Modce sukaukamu Hecnpuamsaugy 8ionogioe NyxAuH, cmpamezito NodaA6Woi NPomunyxauHHoI mepanii
HeobXxi0OHO pemenbHO hepeAsHymu.

K/TKOYOBI CJ/IOBA: pak MO/MIOYHOI 3a/103U; NOAINNOIAHI KNiTUHKU; napa-Tpunnoigia; AHK-
LUTOMETpisi; TepaneBTUYHUI edeKT; CTOBOYPOBi KNiTUHN paky.
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Background. Previous studies showed that new coordinate compound Cerebrogerm (ferrum bis(citrato)
germanate) is a promising cerebroprotector.

Objective of the study is a comparative analysis of the central stage of the pharmacokinetics of Cerebrogerm
as well as its distribution in vital organs in cases of closed head injury.

Methods. On the experimental original model of closed brain injury in rats the parameters of the central
stage of Cerebrogerm pharmacokinetics: the distribution in brain, liver, kidneys, were studied.

Results. It is established that, in cases of closed head injury Cerebrogerm reaches maximum concentration
first in the brain (in 3.75 h), then in the kidneys (in 3.92 h), and finally in the liver (in 4.17 h). In this case, the
magnitude of the C__ of the coordinating compound of germanium that is being investigated in different
biosubstrates of the rats with closed head injury may be presented in descending order as follows: brain (7.95
mg/L) > liver (6.22 mg/L) > kidneys (1.79 mg/L).

Conclusions. The compound Cerebrogerm studied easily gets through the blood-brain barrier and meets
the present requirements for cerebroprotectors and antihypoxants. The attained results allow noting that in the
early post-traumatic period of closed head injury, the blood circulation in the kidneys does not change and cannot
modify the absorption-elimination processes of xenobiotics. It has been also established that Cerebrogerm is
distributed faster in the examined organs in cases of closed head injury. The highest concentration of the drug
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is present in the brain and the smallest one - in the kidneys.
KEY WORDS: ferrum bis(citrato)germanat; closed head injury; pharmacokinetics; brain; liver;

kidneys.

Introduction

Closed head injury is characterized by a high
and steadily increasing prevalence, which is
especially marked during the period of hos-
tilities. Consequences of brain injury have
significant medical and social components that
are related to treatment of patients and their
rehabilitation. The variety of clinical manifes_
tations and the severity of closed head injury
conditioned the need to develop a strategy for
scientific approaches to its pathogenetic
treatment [1, 2, 3].

In the medical practice, a very large arsenal
of pharmacological methods of correction of
closed head injury effects is currently used. At
the same time, not all of them meet the current
*Corresponding author: Victor Lukianchuk, MD, Ph.D., DSc,
Professor, Institute of Pharmacology and Toxicology of NAMS
of Ukraine, 14 Anton Tsedik Str., Kyiv, 03680, Ukraine

E-mail: lvdlug@ukr.net
Phone number: +38(044)4569118

*requirements for their effectiveness and
safety. Therefore, the search for and
development of new cerebroprotective drugs
with multidimensional pharmacodynamic
effects and an acceptable pharmacokinetic
profile are the dilemma. In this regard, the
original compounds of germanium with
different bioligands based on coordination
bonds are particularly interesting [4, 5, 6].

The creation of new drugs is impossible
without determination of pharmacokinetic para-
meters, which is a mandatory step in their pre-
clinical studies and a prerequisite for further
study of a potential drug in clinical practice. Itis
established that the clarification of the processes
of getting drugs in the area of their pharmaco-
dynamic effects (including cerebroprotective)
has a great scientific and practical value in terms
of developing a dosage regimen and optimizing
rational pharmacotherapy in general.
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According to the results of screening
studies on the model of traumatic brain
damage inthe original coordinating compounds
of germanium with citric acid, it has been
proved that the most active one is the complex
compound ferrum bis(citrato)germanate of a
conventional name Cerebrogerm [7].

The objective of the study was a comparative
analysis of the central stage of the pharma-
cokinetics of ferrum bis(citrato)germanate, its
distribution in vital organs in cases of normal
as well as closed head injury.

Methods

The experiments were performed on 62
white mature inbred 160-220 g rats reared in
the animal facility of the Institute of Pharma-
cology and Toxicology of the National Academy
of Medical Sciences of Ukraine. All procedures
were performed according to the Ukrainian
legislation, the European Convention on the
protection of vertebrate animals used in ex-
perimental research and for other scientific
purposes (1986) and local Ethics committee.
The animals were on a standard diet and
received food and water ad libitum.

The experimental model of the closed head
injury is an acute pathological process that
developed in rats kept in a fixed modified
chamber after a single application of a force-
metered and localization-oriented free-falling
45 g-load from the height of 80 cm onto the
parietal skull [8].

Pharmacokinetic studies were conducted
in accordance with the guidelines [9, 10] by
determining the concentrations of Cerebrogerm
by germanium in pathology-free tissues of rats
and in those that received the studied coordi-
nating compound for pharmacological correc-
tion of pathological changes occurring in the
early post-traumatic period in cases of closed
head injury. Cerebrogerm was determined in
blood serum and in vital organs: cerebral
cortex, liver and kidneys by the method [11].

Sampling of biomaterials in order to deter-
mine the pharmacokinetic profile of Cerebogerm
was performed in dynamics: in 0.5; 2; 6; 12 and
24 hours from the time of single intraperitoneal
rats injection of ferrum bis(citrato)germanate
according to the previously established dosage
regimen (126 mg/kg 70 min after closed head
injury) [12].

For a maximum correct evaluation of the
pharmacokinetics of a potential cerebropro-
tector, a number of parameters was defined.
These parameters characterizing the process

of distribution of a potential cerebroprotector
in the body of a two-chamber kinetic model
with absorption in health animals and with
closed head injury comprise: time of reaching
the maximum concentration (t__, hours),
maximum concentration (C__, mg/l), period of
half-distribution to the organ (t,,,, hours),
constant of the speed of direct mass transfer
(K,,, h'"), area under the pharmacokinetic curve
(AUC, mg/L-min), period of the reverse mass
transfer (tm, hours), constant of the speed of
reverse mass transfer (Km, h'), average time in
the organ (MRT, hours).

The attained results were statistically
processed on a personal computer using the
Student’s t-distribution criteria and Mathe-
matica V.5.0. Differences were considered
statistically significant at p<0.05. The statistical
analysis was conducted at a 95% confidence
level.

Results

The results of the pharmacokinetic study
which characterize the process of distribution
in organs are presented in Fig. 1 and 2 in the
form of kinetic curves thatindicate Cerebrogerm
distribution into the brain, liver and kidneys.

Pharmacokinetic parameters that charac-
terize the process of distribution of Cerebrogerm
in vital organs of healthy animals (control
group) and in those with closed head injury are
presented in Table 1.

Itis established that, in cases of closed head
injury Cerebrogerm reaches maximum concen-
tration first in the brain (in 3.75 h), then in the
kidneys (in 3.92 h), and finally in the liver (in
4.17 h). In this case, the magnitude of the C__
of the coordinating compound of germanium
that is being investigated in different biosub-
strates of the rats with closed head injury may
be presented in descending order as follows:
brain (7.95 mg/L)> liver (6.22 mg/L)> kidneys
(1.79 mg/L).

At the same time, Cerebrogerm is identified
in maximum concentration in the brain of
healthy animals in 5.26 h, in the kidneys in
5.10 h and in the liver only in 6.20 h, with the
presumable difference from the experimental
group in relation to tmax in all biosubstrates.
Simultaneously, under normal conditions the
organs of rats can be placed according to the
size of the Cmax of Cerebrogerm in descending
order as follows: brain (7.09 mg/L)> liver
(5.71 mg/L)> kidneys (1.68 mg/L).

The distribution (its intensity and comple-
teness) of Cerebrogerm to the peripheral
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Fig. 1. Pharmacokinetic curves showing the concentration of Cerebrogerm in the brain of rats of the control
group as well as in cases of closed head injury after a single intravenous injection at the dose of 126 mg/kg.
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Fig. 2. Pharmacokinetic curves of the concentration of Cerebrogerm in the kidneys and liver of the control

group rats as well as in those with closed head injury after a single intravenous injection at the dose of
126 mg/kg.
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chamber is present in the half-distribution
period (t, , , h) from the central chamber to the
studied organs and the constant of the speed
of direct mass transfer (K,,). It has been
established that in cases of closed head injury
(research), the coordinating compound of
germanium reaches the brain the most fast,
the liver slightly slower, and the kidneys the
slowest, as evidenced by the parametersoft, , ,
which denotes the time of reaching the levels
of the compound which is equal to 50% of
equilibrium concentrations between blood and
other tissues.

Taking into account that the parameter K.,
defines the relation K , = O.693/t1/2,a, that is the
parameter is inversely proportional to the half-
distribution period in the organs, then the
revealed changes of K , also confirm the above-
described character of the distribution of the
compound in the organs. It is established that
Cerebrogerm in both groups of animals equally
enters the kidneys slowly, and the brain - the
most intensively.

Such a parameter as the area under the
pharmacokinetic curve (AUC) is particularly
informative. Itis proportional to the amount of
the compound present in blood. It was
established that under normal conditions the
highest concentration of the drug was revealed
in the brain and the smallest - in the kidneys.
The following sequence follows the AUC indices:
brain > liver > kidneys (see Table 1).

A comparative estimation of the AUC of
pathology-free animals and those of the
experimental group indicates a significant
difference between the concentrations of
Cerebrogerm in liver. It is established that the
potential cerebroprotector is revealed in the
liver under normal conditions by 43.6% more
than in cases of closed head injury.

It should be noted that Cerebrogerm enters
the brain (t, , ,) very fast, but eliminates (t, )
slowly in both compared groups of animals. It
is significant that Cerebrogerm is almost
identically eliminated from the kidneys of the
rats with or without traumatic brain damage
(p>0.05).

Similarly, the organs are classified according
to the constant of the speed of reverse mass
transfer. As presented in Table 1, Cerebrogerm
eliminates from the liver of the animals of the
experimental group the fastest and from the
brain the slowest.

Among the pharmacokinetic parameters
studied during the preclinical stage, the ave-
rage time the compound stays in the body has

high informational value since the imple-
mentation of the pharmacological effect of a
drug directly depends on its time in the whole
body as well as in a particular organ or tissue.
The results presented in Table 1 evidence that
in the pathology-free animals the studied
organs are classified according to the MRT
decrease as follows: kidneys (31.9 h)> liver
(30.1 h)> brain (24.7 h).

In cases of traumatic brain damage, Cereb-
rogermis eliminated by 27.9% faster (21.7 hours)
from the liver with no significant differences in
MRT of the brain and kidneys (p <0.05).

Discussion

The attained data, which characterizes the
speed of Cerebrogerm being delivered from
blood to various animal organs (see Table 1),
indicates that coordination compound of
germanium enters the peripheral chambers of
the biokinetic model in different speed and
amount both under normal and closed head
injury conditions. It is worth noting that
Cerebrogerm passes through the histo-hematic
barriers of the studied organs in different
speed.

The defined pharmacokinetic parameters
of Cerebrogerm, characterizing the process of
getting from the peripheral chambers of the
kinetic model into the blood under normal
conditions as well as in cases of closed head
injury, require more detailed analysis and
discussion. Particular attention should be paid
to the period of reverse mass transfer (t1/2), that
is the time the compound returns to the central
circulation of the peripheral chamber (organ).
According to this indicator, the pathology-free
organs of the animals take the order of: liver >
kidneys > brain.

The revealed character of the distribution
of Cerebrogerm in cases of closed head injury
indicates, in our opinion, the direction of its
action in terms of cerebroprotective effect.
Under normal conditions in the animals
Cerebrogermiis first rewealed in liver, and then
in the brain and kidneys.

In this case, a 32.4% (P <0.001) decrease was
defined in the rate of the reverse mass transfer
constant of Cerebrogerm from the brain into
the blood in cases of closed head injury caused
by post-traumatic exudation of the brain tissue
which was subjected to mechanical damage.

Consequently, cerebral edema which occurs
in cases of closed head injury makes the
coordination of germanium stay in the brain
longer that eventually causes a decrease in the
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speed of Cerebrogerm transition from the brain
into the bloodstream.

This data reaffirms our hypothesis about
cerebral edema, which impedes the transition
of Cerebrogerm from the brain into the blood,
as evidenced by (p<0.001) increase of the AUC
indices by 20.5% in cases of closed head injury
compare to normal conditions.

This experimentally proved fact can
indirectly show the detoxification function of
the liver being saved in terms of its direct
involvement in the processes of elimination of
Cerebrogerm as a xenobiotic.

Thus, it should be noted that in the early
post-traumatic period of closed head injury,
blood circulation in kidneys does not change to
the extent that might substantially modify the
absorption-elimination processes of xeno-
biotics. This is quite appropriate in view of the
fact that kidneys have rich blood supply.

Thus, the results of the complex preclinical
studies prove that the defined pharmacokinetic
profile of the distribution of Cerebrogerm in
cases of closed mechanical brain trauma differs
from that under the normal conditions. It has
been experimentally proved that Cerebrogerm
enters the examined organs in cases of closed
head injury faster than it does without it. It
should be noted that the highest concentration
of the drug, as evidenced by the area under the
pharmacokinetic curve, occurs in the brain of
the animals with closed head injury and the
smallest - in the kidneys.

This should be considered as a key phar-
macokinetic parameter that clearly proves the
ability of Cerebrogerm to get through the
blood-brain barrier. The attained data also
proves that the coordination compound of
germanium corresponds precisely to the
current requirements for cerebroprotectors

and antihypoxants. This kind of drugs is capable
to implement a number of pharmacodynamic
effects through the accumulation in the brain,
asin the central biophase. These effects aim at
organ protection, mainly the protection of
cerebral neurons.

Conclusions

Determination of the pharmacokinetic
parameters of the potential cerebroprotector
ferrum bis(citrato)germanate at the stage of its
distribution in the body in cases of traumatic
brain damage indicates a significant
modification of the kinetic profile of the
compound compared to the normal conditions.
A number of parameters that characterize the
process of Cerebrogerm’s distribution from the
central chamber to the peripheral (t, , ,, K,,, K,,,
AUC) substantially (P<0.05 - 0.001) undergoes
a ‘traumatic’ correction. According to the
parameters characterizing the pharmacokinetic
spectrum of the distribution of Cerebrogerm
into organs, it can be represented in the
following order: brain > liver > kidneys.

The studied compound Cerebrogerm easily
gets through the blood-brain barrier and meets
the present requirements for cerebroprotectors
and antihypoxants. The attained results allow
noting that in the early post-traumatic period
of closed head injury, the blood circulation in
the kidneys does not change and cannot modify
the absorption-elimination processes of xeno-
biotics. It has been also established that Ce-
rebrogerm is distributed faster in the examined
organs in cases of closed head injury. The
highest concentration of the drug is presentin
the brain and the smallest one - in the kidneys.
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®APMAKOKIHETHKA HOBOI'O HEPEBPOIIPOTEKTOPA ®EPYM BIC(LTUTPATO)
TEPMAHATY HA ETAIII 1OT'O PO3IIOALIY B OPTAHH HA TJII 3BAKPUTOI

YEPEITHO-MO3KOBOI TPABMHU

B.A. Nlyk’sanuyk’, T.A. ByxTiaposa', L. CelipynniHa?,

€.M. Noniwyk', O.E. MapumnHko? I A.TononbHULbKa'

1 - Y “IHCTUTYT ®APMAKOJIOTTI TA TOKCUKOJIOTTT HAMH YKPAIHW", KWIB, YKPAIHA
2 - OJECbKU HALTOHAJIbHWI YHIBEPCUTET IMEHI I.I. MEYHWKOBA, O4ECA, YKPAIHA

BcTyn. [TonepedHi cKpUuHiH208i papMaKko- ma MOKCUKOMeMPUYHI O0CNIOHCEeHHS HOBOI KOOPOUHAYiliHOT
cnoayku Liepebpozepm (pepym bic(uumpamo)2epMaHam) NoKazanu, Wo ye hepcnekmusHuli nomeHyitiHul 3acié

yepebponpomekuyii.

BIOMEDICAL SCIENCES

ISSN 2413-6077. JMMR 2019 Vol. 5 Issue 1

V.D. Lukianchuk et al.

=p]

3



BIOMEDICAL SCIENCES

MeTa pocnipykeHHs - npogecmu NopieHANbHUU OHAMI3 YeHMPAAbLHO20 emany GapMakoKiHemuKku
Llepebpozepmy - po3nodiny y ummeagosaxuiuei op2aHu: 20108HULU MO30K, NeYiHKA, HUPKU, 8 HOPMI ma npu
34YMT.

MaTepianu. Ha opuziHansHili modeni 3YMT eu3Ha4yanu HU3Ky papMakokiHemu4HUX napamempie gepym
bic(uumpamo)eepmaHamy W0 8cebiYHO Xapakmepusyroms npoyec po3nodiny 8 nepudepudHi kamepu mooeni
8 Hopmi ma 3a ymos 34YMT.

PesynbTaTu. llokazaHo, wjo npu 3YMT makcumym KoHyeHmpayii Liepebpozepmy 0ocs2aemecsi ChOYamky
¥ Mo3Ky (nicasi 3,75 200), nomim y Hupkax (nicas 3,92 200) ma y neyiHyi (nicas 4,17 200). B moli xce vac, 3a
gesnuyuHoro C__ Llepebpozepmy op2aHU Wypie KOHMPOALHOI 2PYNU MOXCHA PO3Maulysamu y NopsioKy 3MEHWEHHS

max

HacmynHuUM YuHoOM: 20/108HUU MO30K (7,09 m2/n) > nediHka (5,71 ma/n)> Hupku (1,68 ma/n). BeauyuHa C_
KOOpOUHAYIlHOI cnoayku 2epmaHiro y wypis i3 3YMT suzas0ae mak: 20108HU MO30K (7,95 M2/n1) > nedviHKa
(6,22 m2/n)> Hupku (1,79 me/n).

BucHoBKW. OmpumaHi 0aHi 00380a5t0mb Oilimu 8UCHOBKY, Uj0 00C/IOHY8AHA CNOAYKA O080/i /N1e2KO0
NPOHUKAE Yepes ceMamoeHyedaniyHuli 6ap'ep i eionosidae cyyacHuUM sumoz2am 9o yepebponpomekmopie ma
aHmuzinokcaHmis. OmpumaHi pesysemamu 003804580Mb 3A3HAYUMU, W0 Y PAHHLOMY NOCMPABMAMUYHOMY
nepiodi 3YMT cmaH Kpogoobi2y y HUPKAX HE 3MIHKEMbCA Yy makill mipi, wobu cymmeao moougikyeamu
abcopbyiliHo-enimiHayiliHi npoyecu kceHobiomuka. flogedeHO Makox, wo 30 ymoe 3YMT Llepebpozepm
HaOx00umMs 00 0p2aHis, Wo 00CAIOHCY8ANUCH, bibLW WIBUOKO, HiXHC Yy 300po8uX Wypis. Halibinbwa KoHYeHmpayis
npenapamy, npo AKy CyOuauU 30 NOKA3HUKOM N/a0Wji nid ¢apMakokiHemuYHoH Kpuoto, 3HaX00UMbCA y 20/108HOMY
MO3KY, a HaUMeHWAa - 8 HUPKAX MpaeMo8aHUX MBAPUH.

K/HOYOBI C/TOBA: ¢pepym 6ic(umTpaTo)repmaHaT; 3aKpuTa YepenHo-Mo3KOBa TpaBMa;
¢dapmakokiHeTMKa; roNoOBHUIA MO30K; NeYiHKa; HUPKU.
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EFFICACY OF GRANULOCYTE COLONY-STIMULATING FACTOR
AND ENTEROSORPTION IN MELPHALAN-INDUCED BONE MARROW
SUPPRESSION IN GUERIN CARCINOMA GRAFTED RATS
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Background. Side effects of antineoplastic agents (especially leukopenia and neutropenia) could be the
main limiting factors for efficient treatment.

Objective. The research is aimed at the study of myeloprotective capability of biosimilars of granulocyte
colony stimulating factor (G-CSF) and granular carbon oral adsorbent C2 in melphalan-induced bone marrow
suppression in Guerin carcinoma-grafted rats.

Methods. Melphalan at the dose of 5.5 mg/kg was used to promote bone marrow suppression in the Guerin
carcinoma grafted rats. To fight myelosuppression, we used filgrastim and its analogue, designed and produced
by IEPOR, a recombinant granulocyte colony-stimulating factor (r-GCSF). Carbon granulated enterosorbent C2
was used for enteral sorption therapy (bulk density y=0.18 g/cm? diameter of granules 0.15-0.25 mm, BET pore
surface - 2162 m?/g). All rats were sacrificed on the 17% day after carcinoma cells inoculation or on the 8" day
after Melphalan injection.

Results. Alkylating cytostatic agent caused severe leukopenia (by 95.7%), neutropenia (by 73.9%), and
thrombocytopenia (by 84.9%) in the experimental rats. Mortality rate was 57%. Filgrastim and enterosorption
with carbon oral adsorbent C2 increased the studied indices, but the most prominent results were observed when
combination of both factors was used. Studied means did not affect the anti-tumor efficacy of Melphalan alone

BIOMEDICAL SCIENCES

and in combination.

Conclusions. Our results are perspective for further investigation of the efficacy of the combination of carbon
oral adsorbents and hematopoietic cytokines in cases of ameliorate anti-cancer chemotherapy side effects, and

its implementation into clinics.

KEY WORDS: melphalan; Guerin carcinoma; rats; granulocyte colony stimulating factor;

enterosorption.

Introduction

Conventional dose-dense and dose-intense
chemotherapy with radiation therapy and
surgery promote significantly to the treatment
of malignancies. Unfortunately, the side effects
of antineoplastic agents are the main limiting
factors for their efficiency [1-3]. The cells and
tissues with high speed of division are the most
sensitive. Bone marrow suppression, damage
of gastrointestinal mucosa, gonadal toxicity,
loss hair, dysfunctions and/or structural
changes of kidney and liver are typical side
effects of tumoricidal chemotherapy [2,4,5]. The

*Corresponding author: Shevchuk Oksana, 1 Maidan Voli,

I. Horbachevsky Ternopil National Medical University, Ternopil,
Ukraine 46001.

e-mail: shevchukoo@tdmu.edu.ua.

incidence rates of myelotoxicity varies from 30
up to 60% [6]. The mortality rates due to febrile
neutropenia among the patients undergoing
chemotherapy are around 5-11% in adults and
2-6% in children [7,8], and up to 20% in case of
comorbidity [6]. So, amelioration of the nega-
tive effects and saving of the tumoricidal activity
of chemotherapy are topical issues of contem-
porary oncology. Only complete courses of
treatment may guarantee survival [7,9].

Granulocyte colony-stimulating factor
(G-CSF) and a granulocyte-macrophage colony-
stimulating factor (GM-CSF) are anirreplaceable
part of supportive care in oncology and are
used to reduce the incidence of severe leuko-
penia [10]. It has been proved in the cancer
patients receiving multiple cycles of chemo-
therapy [11].
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Endogenous intoxication is another com-
ponent that makes the side effects of chemo-
therapy more severe. These syndrome com-
pounds are the products of tumor metabolism,
and the consequence of treatment (surgery,
chemotherapy cause the damage of tumor
tissues and increase in the quantity of toxic
metabolites as well as its derivatives) [12].
Sorption Detoxification is a common and well-
known method for reducing toxic effects of
chemotherapy [13-15]. Some of the main types,
which are widely used in medicine today, are
hemoperfusion (when blood is filtered through
the column with activated carbon), entero-
sorption - enteral use of oral adsorbents of
different types, and application-sorption
therapy - use of carbon dressing for healing of
burns and wounds.

Our previous experiments proved a sig-
nificant bone marrow protection in melphalan-
induced myelosuppression in the healthy rats
[16,17]. But a topical issue of any additive
supportive therapy in oncology is the impact
on a tumor growth, not only the amelioration
of anti-cancer chemotherapy side effects. So,
the objective of our investigation is the study
of myeloprotective capability of biosimilars of
granulocyte colony stimulating factor (G-CSF)
and enteral sorption therapy with carbon oral
adsorbent C2 in Melphalan-induced bone
marrow suppression in the Guerin carcinoma
grafted rats.

Methods

Melphalan (Alkeran, GlaxoSmithKline, UK)
was used to promote the bone marrow sup-
pression. Carbon granulated enterosorbent C2
(produced by R.E. Kavetsky Institute of Expe-
rimental Pathology, Oncology and Radiobiology,
IEPOR) was used for enteral sorption therapy.
The parameters of enterosorbent C2 are: bulk
density y=0.18 g/cm?, diameter of granules
0.15-0.25 mm, BET pore surface - 2162 m?/g.
Filgrastim (Neupogen, Hoffman La Roche) and
G-CSF-analogue of IEPOR production - recom-
binant granulocyte colony-stimulating factor
(r-GCSF) were used to increase the white blood
cell (WBC) count. r-GCSF was designed within
the State Grant No. 487/2011 from 29.09.2011
“Development of technology for synthesis of
human recombinant granulocyte colony sti-
mulating factor and medication on its basis”.

The experiments were performed using
mature Wistar female rats, 200+20 g of body
mass, which were got from the vivarium of
IEPOR (Kyiv, Ukraine). Guerin carcinoma cells

were taken from the Bank of Cell Lines from
Human and Animal Tissues of the abovemen-
tioned institute. All procedures were performed
according to the rules and requirements of
European Convention for the Protection of
Vertebrate Animals Used for Experimental and
Other Scientific Purposes and a local Ethic Com-
mittee of IEPOR. The tumors were implanted
by subcutaneous injection (dorsally into the left
flank) of 2.2x10¢ Guerin carcinoma cells sus-
pended in 0.5 ml of sterile physiological solu-
tion. All animals were randomly divided into 6
groups (n=7). The 1stgroup was a tumor control
group. All rats of groups 2-6 were administered
with Melphalan: the 3 group involved the rats,
which were administered with filgrastim
injections (Melphalan + filgrastim) in addition
to the cytostatic agent; the 4" - enteral sorption
therapy with C2 (Melphalan + C2), the 5t
group - the rats, which were administered with
both agents (Melphalan + filgrastim + C2), and
the 6™ group - the animals, which received r-CSF
and carbon oral adsorbents C2 (Melphalan +
r-CSF + C2).

On the 10" day after Guerin carcinoma
grafting, Melphalan was injected intravenously
(into the tail vein) one time at the dose of
5.5 mg/kg to the rats of groups 2-6. Beginning
from the following day and for four next days,
filgrastim or r-CSF was injected subcutaneously
at the dose of 50 mcg/kg. A suspension of
carbon enterosorbent (C2 dosage of 5 ml/kg of
animals’ body weight, or 900 mg of dry mass
of enterosorbent) in appropriate quantity of
distilled water was introduced via the tube into
rat stomach during 3 days before the Melphalan
injection and during 7 days after it (once a day).

The rats’ mortality rate and dynamics of
tumor growth was studied as well. The rats
were weighted, and blood was taken from the
heart under Ketamine hydrochloride general
anesthesia on the 8" day after Melphalan
injection (the 17t day after Guerin carcinoma
cells inoculation). Automatic hematology ana-
lyzer Particle Counter E120 (Erma Inc., Japan)
was used for evaluation of complete blood cell
count.

Statistical analysis. Since data were not
normally distributed in all groups (Shapiro-Wilk
Normality Test), non-parametric tests (Mann-
Whitney U-test and one-way ANOVA test) were
used in data analysis (statistical significance at
p<0.05). The data were expressed as the mean+
standard error of the mean (M+SE). All statistical
calculations were performed using the Origin
7.5 Software (OriginLab Corporation, USA).
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Results

Allrats survived in the tumor control group
on the 17" day after Guerin carcinoma cells
inoculation, while Melphalan injection caused
the death of 4 rats (the 2" group). In the group
of rats, which received carbon oral adsorbent,
2 rats died. In all other groups one rat died in
each group till the end of experiment (Figure
1). So, we evidenced the mortality rate of 57.1 %
in the Melphalan group, while the combination
of both agents of correction (G-CSF and carbon
oral adsorbent) reduced this number to 14.3 %.

It was established that a single injection of
cytostatic agent Melphalan caused significant
leukopenia from (13.9+£1.9) to (0.6+0.1)x10°/L
(Figure 2). The decreasing of WBC count by
95.7% explained a high mortality rate in the
Melphalan group (the 2" group). Course of

Filgrastim promoted 2.3-fold increase of WBC
count (or by 133.3%) compare to the Melphalan
group. Enteral sorption therapy also increased
this index in 1.5 times (or by 50.0%). The use of
combination of both G-CSF drugs and entero-
sorbent had the tendency to be more effective
compare to the administration of each drug
alone. The WBC countincreased in 2.8 times (or
by 183.3%) in the Melphalan+filgrastim+C2
group and in 2.7 times (or by 166.7%) in the
Melphalan+r-GCSF+C2 group compare to the
Melphalan group.

As for the WBC formula, the results of the
experiment are presented in Figure 3.

Single Melphalan injection at the dose of
5.5 mg/kg™ significantly decreased the granu-
locytes percentage in the peripheral blood by
73.9%, monocytes were absent at all. The

Bsurvived rats W dead rats

Figure 1. Survival and mortality rates among the Guerin carcinoma grafted rats, which received Melphalan,
biosimilars of G-CSF and enterosorbent C2 on the 17™ day after tumor cells inoculation.

Melphalan+r-GCSF+C2 g =2
Aelphalan+filgrastim+C2

Mephalan+C2 *

Me Iphalan+filgrastim * s

Melphalan group *

Tumor control group

10%/L o 2 4

6 8 10 12 14

Figure 2. White blood cell (WBC) count in the Guerin carcinoma grafted rats, which received Melphalan,
biosimilars of G-CSF and enterosorbent C2 on the 17t day after tumor cells inoculation.
Notes: * - p<0.05 compare to the tumor control group; ** - p<0.05 compare to the Melphalan group.
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Figure 3. White blood cell (WBC) formula of the per

ipheral blood in Guerin carcinoma grafted rats, which

received Melphalan, biosimilars of G-CSF and enterosorbent C2 on the 17" day after tumor cells inoculation.
Notes: * - p < 0.05 compare to the tumor control group; ** - p < 0.05 compare to the Melphalan group.

increased number of lymphocytes in the peri-
pheral blood was evidenced that can be
explained by critically low WBC count and
violation of cells composition. The administration
of filgrastim and carbon oral adsorbent C2
alone did not influence significantly; a slight
tendency of increase of the indices was evi-
denced. The combination of both factors led to
normalization of granulocytes percentage in
the peripheral blood, while the number of
leukocytes was still quite low (Figure 2). So,
granulocytes number increased by 254.8% (in
3.6 times) in the the Melphalan+filgrastim+C2
group and by 197.6% (approximately in 3 times)
in the Melphalan+r-GCSF+C2 group compare to
the Melphalan group.

As for the red blood cell (RBC) count and
hemoglobin, no significant impact of any drug
used in the experiment was evidenced. But a
6.6-fold decrease of platelets count was
observed in the rats (or by 84.9%), which were
administered with Melphalan compare to the
tumor control group (Table 1).

Table 1. RBC and platelets count as wel
in the Guerin-carcinoma grafted rats

The same tendency as for the granulocytes
percentage was evidenced concerning the
platelets count: only the tendency for amelio-
ration of low platelets level. The combination
of both drugs: officinal filgrastim or specially
designed analogue r-GCSF together with
carbon oral adsorbent C2, caused significant
increase of thrombocytes number in peripheral
blood. Thus, platelets count increased in 4.2
times (or by 319.6%) in the Melphalan+fil-
grastim+C2 group, and approximately in 3 times
(or by 198%) in the Melphalan+r-GCSF+C2 group
compare to the 2" Melphalan group.

The tumor growth dynamics in case of the
administration of alkylating cytostatic agent
and G-CSF analogues as well as enterosorption
was a significant aim of the study. Melphalan
was injected on the 10* day after Guerin car-
cinoma cells inoculation, when a tumor was
formed (Table 2). On the 17% day of the
experiment a significant slow of tumor growth
compare to the tumor control group was
evidenced. There was no negative effect of

| as hemoglobin level in peripheral blood
in case of Melpahaln, G-CSF-analogues

and enteral sorption therapy, M+SE ﬂ

O

Indices RBC count, Platelets count, Z

Group x1012/L x10°/L Hb, g/L LIG-I

Tumor control group, (n=7) 7.73+0.51 325.6+35.9%* 152.0+8.0 )

Melphalan group, (n=3) 8.70+2.65 49.0+11.9*% 130.0+30.0 3

Melphalan + filgrastim group, (n=6) 10.57+1.19 74.0£9.5* 211.0£25.0 5

Melphalan + C2 group, (n=5) 8.06+0.68 60.0+8.6* 153.0£15.0 )

Melphalan + filgrastim + C2 group, (n=6) 10.21+1.00 205.6+86.2** 188.0+£18.0 5

Melphalan + r-GCSF + C2 group, (n=6) 7.91+0.81 146.0+£36.8%,** 146.0£17.0 %

b=

Notes: * - p<0.05 compare to the tumor control group; ** - p<0.05 compare to the Melphalan group. as]
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Table 2. Dynamics of the Guerin carcinoma growth in the experimental groups
(volume, cm3, M+SE, n=7)

Day after tumor’s inoculation

Group 10 day 17t day
Tumor control group 3.7+0.2 11.310.2
Melphalan group 3.8+0.3 6.6+0.2 *
Melphalan + filgrastim group 3.7+0.2 6.4+0.3 *
Melphalan + C2 group 3.5£0.2 6.1+0.2 *
Melphalan + filgrastim + C2 group 3.8+0.3 6.0+0.4 *
Melphalan + r-GCSF + C2 group 3.7+0.4 6.0+0.3 *

Notes: * - p<0.05 compare to the tumor control group.

G-CSF drugs or enterosorbent C2 on the anti-
cancer action of Melphalan. On the 17" day the
tumors sizes decreased by 41.6 % in the Mel-
phalan group, by 43.4 % in the Melphalan+
filgrastim group, by 46.0 % in the Melphalan+C2
group, and by 46.9 % in the groups of rats,
which received combination of enterosorption
and hematostimulating cytokines. We assessed
the tumors size in all groups of rats.

Discussion

Typical side effects of anti-cancer chemo-
therapy, and leukopenia as the most common
among them, are tightly related to the clinical
outcomes [1, 18]. More and more attention is
paid to this issue, especially after the success
of modern techniques such as a stem cell trans-
plantation and cytokines treatment to restore
hematopoietic functions. Different chemo-
therapy regimens are classified to develop a
high risk (more than 20%), an intermediate risk
(from10to 20%) or a low risk (less than 10%) of
febrile neutropenia [6]. All of them require
administration of different doses of hemato-
poietic cytokines to prevent and treat compli-
cation of tumoricidal therapy. G-CSF influences
cellular proliferation, differentiation, matura-
tion, and lineage commitment in the bone
marrow not only of neutrophils but of short-
term hematopoietic stem cells, colony forming
units granulocyte erythroid macrophage mega-
karyocyte, colony-forming units granulocyte
macrophage and colony forming units gra-
nulocyte as well [19]. The American Society of
Clinical Oncology (ASCO) recommends primary
prophylaxis with G-CSF or GM-CSF for the
expected incidence of neutropenia of >40% [20].
Also, pedfilgrastim (sustained duration form of
filgrastim, G-CSF) is recommended for admi-
nistration for at least 1 day after chemotherapy
[21].

G-CSF drugs are mostly well tolerated. One
of the most common reported side effects is

bone pain (which is not treatment-limiting),
neutrophilic dermatoses, exacerbation of
psoriasis and isolated anaphylactic reactions as
well as coagulation abnormalities also may
appear. Transient renal and biological
disturbances are reported [22,23]. Dyspnea,
pain in chest and hypoxemia, nausea,
diaphoresis, anaphylactic reactions, syncope
and flushing are evidenced [24]. Unfortunately,
G-CSFis helpless to fight other than leukopenia
side effects [25]. Also, it does not penetrate
through the alveolar barrier and cannot prevent
lung injury, especially during the concomitant
radiation therapy [26]. So, it means we may
enhance the efficacy of G-CSF therapy in the
patients with malignancies during chemo-
therapy courses and Sorption Detoxification is
a promising issue. First positive results for
myeloprotective effect of enterosorption were
published in 1980-90* [15]. Since that time there
are a lot of evidences for successful use of
enterosorption in oncology practice [12, 13,
27-29]. Our previous experiments in healthy
rats demonstrated advantages of combination
of G-CSF and enterosorption to ameliorate side
effects of melphalan and cisplatin [16,30]. This
study has proved that such combination has no
negative impact on tumoricidal activity of
alkylating cytostatic agent Melphalan and
promotes animals’ survival: mortality rate
decreased from 57 to 14%.

Conclusions

The side effects of anti-cancer drugs, espe_
cially bone marrow suppression and neutro_
penia, are the main limiting factors for full
courses of chemotherapy, which is crucial for
treatment efficacy.

Melphalan at single injection at the dose of
5.5 mg/kg caused significant leukopenia and
granulocytopenia in the Guerin carcinoma
grafted rats. Mortality rate was 57.1%. The
filgrastim (recombinant granulocyte colony
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stimulating factor) or enteral sorption therapy
with carbon oral adsorbent C2 (bulk density
y=0.18 g/cm3, diameter of granules 0.15-
0.25 mm, BET pore surface - 2162 m?/g) for
correction of melphalan-induced myelosuppres-
sion increased white blood cell count, but the
most prominent results were evidenced only
when combination of both factors was used,
especially regarding the granulocytes number.

count was observed. The use of both factors of
correction did not ameliorate the anti-tumor
efficacy of alkylating cytostatic agent.

Thus, the results are perspective for further
study of the use of combination of carbon oral
adsorbents and hematopoietic cytokines to
ameliorate anti-cancer chemotherapy side
effects, as well as their implementation into
clinical practice.

Also, only in the group of rats, which received
both Filgrastim or r-GCSF, produced by IEPOR,
and enterosorption, the restoration of platelets
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E®EKTHUBHICTD 3ACTOCYBAHHA IIPEITAPATIB ITPAHYJIOIIUTAPHOI'O
KOJIOHIECTUMYJIIOI0YOI'0 ®AKTOPY TA EHTEPOCOPBIIIT

ITPU MEJI®AJIAH-IHAVKOBAHIN MIEJIOCYIIPECII V IITYPIB

3 IEPEBUBHOIO KAPIITMHOMOIO I'EPEHA

0.0. WWeBuyk!', I.M. Togop?, H.10. Jlyk'aHoBa?,

H.K. PogioHoBa? B.l'. Hikonaes?, B.®. YexyH?

1 - TEPHOIML/IbCbKWA HALIIOHAIbHUI MEANYHWIA YHIBEPCUTET IMEHI LS. FOPEAYEBCHKOIO,
TEPHOIL/Ib, YKPAIHA

2 - IHCTUTYT EKCITEPUMEHTA/ILHOI MATOJIOMTL, OHKOJIOIII I PAAIOBIO/ONIT IMEHI P.€. KABELIbKOIO
HAH YKPAIHY, KWIB, YKPAIHA

3 - IHCTUTYT SAEPHUX AOCHIAXEHb HAH YKPAIHY, KWIB, YKPAIHA

BcTyn. [To6iyHi epekmu npomunyxauHHUX iKapCbKUX 30co6ig (Halldacmiwe nelikoneHia ma HelimponeHis)
cy2yrome OCHOBHUM AiMIMyOYUM GAKMOPOM epekmueHo20 NiKy8aHHA. Hawi nonepedHi 00cnioxeHHA Ha
300p08UX MBAPUHAX NPOOEMOHCMPYBAU BUPAXCEHY epekmueHICMb npu MendanaH-iHOyKosaHil mienocynpecil,
00HAaK NUMQHHS 8nausy byob AKUX 000aMKO8UX YUHHUKI8, AKI 3CMOCOBYHOMbCSA Yy OHKOM02iYHIT npakmuyi, Ha
picm ma po38umok nyxaAuHU Ha038UYAUIHO 8aXUIUBe.

MeTa po6oTu: docrioumu dito biocuminspie 2paHy104UMAapPHO20 KOAOHIECMUMYMOKY020 pakmopa (M-KCP)
ma 2paHy/L0BAHO20 8y2/1eyes020 eHmepocopbeHma C2 npu mMenganaH-iHOyKoeaHil Mienocynpecii y wypie 3
nepesusHor KapyuHoMoro lepeHa.

MeTopw. /14 iHOyKy8aHHS Mienocynpecii'y ujypie 3 nepegusHor KapyuHomoro lepeHa MeadanaH esoounu
y 003i 5,5 m2/ka. s Kopekyii 8UKAUKQHUX 3MIH 8UKOpUCMosy8aau ginzpacmumM ma aHasa102 8UPObHUYMEd
IETIOP - pekomb6iHaHMHUU 2paHyaoyumapHuUll KoaoHiecmumyaoroyul ¢akmop (p-rkC®). Ans nposedeHHs
eHmepocopbyii 8UKOpPUCMAHO 2paHyAbOoBAHUU 8y2aeyesuli eHmepocopbeHm C2 3 NUMOMOI 802040
y=0,18 2/cm3, diamempom epaHyn 0,15-0,25 MM, nosepxHs nop 3a BET - 2162 m?/2). TeapuH augoouau 3
ekcnepumeHmy Ha 17-y 006y nicas nepewjensiieHHs NyxAuHU (Ha 8-y 006y nicia 88edeHHA MenYanaHy).

PesynbTaTn. AKinyo4ull yumocmamuk 8ukaUKae 2auboki nelikoneHito (nadiHHA Ha 95,7%), HelimponeHiro
(3HUMCeHHS Ha 73,9%) ma mpomboyumoneHito (Na0iHHA NOKA3HUKA Ha 84,9%) y dociiOHUX meapuH. JlemanbHiCMe
cknana 57%. 3acmocysaHHs npenapamie [-KC® ma eHmepocopbeHma C2 nokpauyysano 00CAioxNy8aHi
NOKA3HUKU, 00HAK HalibinbwW supax3eHe NOKpawjeHHs cnocmepi2anocs auwe npu 8e8edeHHi 060X YUHHUKI8
pasom. BeedeHHs 060X YUHHUKI8 HE 3MeHWY8A/A0 NPOMUNYXAUHHY OKMUBHICMb MeapanaHy K npu
MOHO88e0eHHi, mak i 8 KOMGIHaUiI.

BUcHOBKW. OMpuMaHi HaMu pe3ynsmamu €8id4ame npo nepcnekmueu Nooda/ab6U020 8UBYEHHS
epekmueHoCmi 30cmocy8aHHs KOMbIHaYii eHmepocopbyii ma 2eMoCMUMYORYUX YUMOKIHIG 04151 NOM'AKUWEHHS
nobiyHUX epekmie npomunyxauHHOI Xximiomepanii ma ix 8npo8aOHCeHHS Y KAIHIYHY NPAKMUKY.

K/TKOYOBIC/I0BA: mendanaH; kapuuHoma FepeHa; LLypu; rpaHy/1IoLUTapHUIA KOJTIOHIECTUMYIOYUIA
¢daKTop; eHTepocopbLis.
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BigomocTi npo aBTOpIB:

LeBuyKk OkcaHa OneriBHa - KaHA. MeJ. HayK, AoLeHT kad. dapMakonorii 3 KniHi4YHO GapMakonorieto,
TepHOMINbCLKMIA HaLiOHaNbHNI MeaMYHNA YHiBepcuTeT iMeHi L. . TopbayeBcbKkoro, TepHoninb, YkpaiHa.
Topop Irop MukonaioBuY - A-p 6i0/. HayK, CTapLUMIA HAYKOBWUI CNiBPO6GIiTHMK JTabopaTopii MexaHi3miB
MeAMKaMeHTO3HOI pe3nNCTEHTHOCTI, [HCTUTYT ekcneprMeHTanbHOI NaToorii, OHKoorii | pagiobionorii imeHi
P.€. Kaseubkoro HAH YkpaiHu, Kuis, YkpaiHa.

Nyk'aHoBa HaTtania HOpiiBHa - a-p 6ion. Hayk, cTapwunii HayKOBUIA CNiBPOBGITHUK, 3aB. nabopaTopii
MexaHi3MiB MeANKaMeHTO3HOI Pe3nCTeHTHOCTI, IHCTUTYT ekcnepMMeHTanbHOI NaTONOTil, OHKONOTIT i
pagiobionorii imeHi P. €. KaBeubkoro HAH YkpaiHu, Kuis, YkpaiHa.

PogioHoBa HaTanifa KOHCTAHTMHIBHA - KaHA. Mej. HaykK, CTapLINiA HAayKOBWUI CMiBPOBITHUK Biaainy
pagiobionorii Ta pagioekonorii, IHCTUTYT saepHUX gocnigkeHb HAH YkpaiHu, Kuis, YkpaiHa.

Hikonaes Bonogumup Fpuroposud - un.-kop. HAH YkpaiHu, a-p mea. Hayk, npodecop, 3acnyxeHui giay
Hayku i TexHikn YkpaiHu, Jlaypeat Jep>xaBHoi npemii CPCP, 3aB. Biaainy 3acobis Ta MeTogiB COpOLiNHOI
Tepanii, [HCTUTYT ekcnepmMMeHTanbHOI NaToNorii, OHKONOrIi i pagiobionorii imeHi P. €. KaBeubkoro HAH
YKpaiHun, Knis, YkpaiHa.

YexyH Bacunb depopoBud - akagemik HAH YkpaiHu, a4-p Mea. Hayk, npodecop, 3acny>XeHWi Aigy HayKu
i TexHiKK YKpaiHw, JlaypeaT [ep>XaBHoi npemii YKpaiHu B ranysi Hayku i TeXHiku, IHCTUTYT ekcnepyMeHTanbHol
nartosorii, oHKonorii i pagiobionorii imeHi P.€. KaBeubkoro HAH YkpaiHu, Kuis, YkpaiHa.
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ANTHROPOMETRY OF THE EXTERNAL EAR AMONG ADULT IJAWS
IN BAYELSA STATE OF NIGERIA

E.I. Edibamode’, K. Mordi’, L.K. David', A.M. Eghoi**
1 - UNIVERSITY OF PORT HARCOURT, PORT HARCOURT, NIGERIA
2 - ABIA STATE UNIVERSITY, UTURU, NIGERIA

Background. External ear measurement is of utmost importance in reconstructive surgeries.

Objectives. The present study is aimed at ascertaining sexual dimorphism in external ear anthropometry
and ear lobe attachments among adults Ijaws in Bayelsa, Nigeria.

Methods. A total of 112 adults within the age range of 18-50 yrs, who met the inclusion criteria, were involved
in the study. Four linear dimensions of the ear, which are ear length (EL), ear width (EW), lobular length (LL) and
lobular width (LW), were measured for both genders. The lobular attachment for both ears for males and females
were also examined and results recorded. These data were subjected to Student t-test, Chi-square test, and
Pearson’s correlation using SPSS version 20.0.

Results. The mean values for EL, EW, LL, and LW for the left auricle in the males and females were 58.14+0.60,
27.41£0.37, 14.47+0.27, 13.50+0.34 and 57.90+0.16, 27.45+0.65, 15.41+0.31, 13.43+0.38 respectively. However,
for the right auricle in the males and females, the values were 58.40+0.45, 28.21+0.68, 14.32+0.31, 13.04+0.32,
and 56.66+1.10, 27.51+0.65, 15.58+0.29, 13.28+0.34 respectively. The left and right lobular length were the only
parameters that proved statistical significance (p<0.05) in females compare to males. Pearson’s correlations
between right and left sides for each of the parameters were positive and significant. Chi-square analysis revealed

no significant relationship (p>0.05) between earlobe attachments and gender.
Conclusions. Sexual dimorphism was thus established in the Ijaw population as regards lobular length
dimensions. It is believed that the results of this study would be very useful for ear morphology and reconstructive

surgeries.

KEY WORDS: external ear (auricle); Bayelsa Ijaws; anthropometry; sexual dimorphism; lobular

attachment.

Introduction

Anthropometry refers to the branch of
anthropology concerned with comparative
measurements of the human body for the
purpose of understanding of physical variations
in humans [1]. These body measurements have
been shown to vary according to sex, age and
race, thus the study of these physical variations
is of utmost importance in plastic surgery,
prosthetics, clothing designs, and ergonomics
[2-3]. It is also important for development of
personal individuality [2].

The human external ear is an important
organ contributing to the esthetics of human
face. Its size, shape, position, and projection
influence the facial appearance of the individual
[4]. It consists of external, middle and internal
parts. The external ear is made up of a shell-like
auricle (pinna), which collects sound, and the
Corresponding author: Azibaediya M. Eghoi, M.Sc.,Department
of Human Anatomy, Faculty of Basic Medical Sciences, Abia

State University, Uturu, Abia State, Nigeria
e-mail azibsmil32@yahoo.com

external acoustic meatus, which conducts
sound from the pinna to the tympanic
membrane [5]. The auricle, helical in shape, is
made up of an elastic cartilage covered by skin
and has several depressions and elevations.
The lobule (earlobe) of the auricle is a tag of
skin containing fibrofatty tissue and blood
vessels and is easily pierced for taking blood
samples and inserting earrings [5,6]. It is the
last part of the auricle to develop [7]. Earlobe
attachments were mainly classified into
attached and free (unattached) earlobes [8-12].
Many authors, however, have pointed out that
there are many people with intermediate (or
tapering) earlobes [13-14]. Individuals having
earlobes that hang freely are known to have
free (unattached) earlobes, whereas those
having earlobes fused with the sides of
proximal head are termed as attached (or
adherent) earlobes [15-16].

Several anthropometric studies on ear
measurements have been carried out on
different populations. According to the studies
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carried out in India and Urhobo people of
Southern Nigeria, females were found to have
a statistically higher lobular length and width
compare to males [3,17]. The studies in
American, Italian, Indian, Israeli and Turkish
populations suggested that boys and men had
larger ears than girls and women [8, 19-26].
Similar studies have shown that auricular
dimensions in northern Nigeria are higher in
males compare to females [27]. The reports by
Sharma [3], however, documented that ear
dimensions were higher in males than females
[3,17]. The studies by Wang, et al [18] of a
Chinese population, however suggested that
lobular dimensions were not significantly
different in both genders.

Despite alarge number of world publications
on the anthropometric measurement of the
external ear, the studies correlating the dimen-
sions of the external ear and sexual dimorphism
in adult Nigerian population show paucity of
information. Thus, the purpose of this study is
to determine sexual dimorphism in mean ear
dimensions and earlobe attachments among
adult Jjaws in Bayelsa State of Nigeria.

Previous studies on the morphometric
analysis of the external ear have been carried
out previously in several countries including
Nigeria, however, the studies correlating the
dimensions of the external ear and sexual
dimorphism in adult Bayelsa Ijaws show paucity
of information and have necessitated the need
for this study. Hence the present study aims to
ascertain the anthropometry of the external
ear among adults Ijaws in Bayelsa state of
Nigeria.

The objectives of this study are:

To determine the mean dimensions of ear
length (EL), ear width (EW), lobular length (LL)
and lobular width (LW) among Bayelsa Ijaws.

To ascertain if there may exist a sexual
dimorphism among the parameters mentioned
above.

To ascertain if there is any correlation in the
measured parameters of the external ear in
sexual dimorphism.

To determine the variation in attachment
of earlobe among Ijaws.

Methods

The study involved the subjects from
various local governments in Bayelsa state:
Yenagoa, Sagbama, Southern Ijaw, Nembe,
Kolokuma, Ekeremor and Ogbia local
government area. The study was conducted on
adult Ijaws, whose parents were indigenes of

Bayelsa state in Nigeria up to their second
generation. The sampling method used for the
selection of subjects was a simple random
sampling method. A total of 112 subjects were
involved: 59 males and 53 females. Only the
subjects within the age range of 18-50 years of
the Ijaw ethnic group in Bayelsa state without
anomalies to their external ears comprised this
study. The subjects with ear defects and those
with previous history of ear surgery were
excluded from the study. Also the subjects, who
had not given their consent, were also excluded
from the study.

The procedure for ear measurements was
explained to the subject in order to get
maximum cooperation. With the subject’s head
in Frankfort horizontal plane, direct measure-
ments were taken using a digital vernier caliper
with resolution of 0.01 mm as follows [3]. The
anthropometric parameters of the external ear
measured were (Fig. 1):

Total length of ear (TLE) - measured as the
distance between the superior projection of the
helix and inferior projection of the external ear
(AB).

Total width of ear (TWE) - measured as the
distance between the anterior and superior
points of the external ear (CD).

Total lobular width (TLL) - measured from
the midpoint of the intertragic notch to the
lowest point of the lobule (GB).

Fig.1. Photograph of the lateral surface of the auricle
displaying the measured parameters.

Notes: AB - total length of ear;

CD - total width of ear;

BG - total lobular length;

EF - total lobular width.

(=p)
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Total lobular width (TLW) - measured as the
transverse distance of the ear lobule passing
through the center of the length of the lobule
(EF).

Data analysis was performed using Sta-
tistical Package for Social Sciences (SPSS)
version 20.0 with results expressed as mean
and standard error of mean (Mean * SE). The
Student independent sample t-test with a two-
tail distribution was applied to compare the ear
measurements between males and females in
the study population. P-values, less than 0.05
(p<0.05) were considered to be significant. Chi-
square test was used to determine the rela-
tionship between gender and left lobular
attachment of the population. Pearson’s
correlation coefficient test was conducted to
determine the symmetry between the right and
left side ear measurements of each gender and
for the study population.

Correlation coefficient (r value) was inter-
preted as follows:

Results

The distribution of the subjects involved in
the study according to the various Local
Government areas of Bayelsa State is presented
in Table 1.

Table 1. Detailed analysis of the subjects
according to gender and local government
areas (LGA) in Bayelsa State.

Gender
SIN LGA Female Male

1 Ekeremor 11 6
2 | Kolokuma 4 6
3 | Nembe 9 2
4 | Ogbia 2 4
5 | Sagbama 5 11
6 | Southern Jjaw 15 17
7 | Yenagoa 8 12

TOTAL 54 58

Seventeen of the subjects hailed from
Ekeremor, 10 from Kolokuma, 11 from Nembe,

a. <0.2 - aslight correlation 6 from Ogbia, 17 from Sagbama, 20 from
b. 0.2-0.4 - a weak correlation Yenagoa, 27 from Southern Ijaw Local Gover-
c. 0.4-0.7 - a moderate correlation nment Area of Bayelsa State. The result prove
d. 0.7-0.9 - a high correlation that out of the total number of the subjects,
e. >0.9 - an almost perfect correlation who consented and participated in the study,
Table 2. General characteristics of the study population (n=112)

Variables Mean SEM SD Range Min Max Variance

Age 26.69 0.71 7.56 32.00 18.00 50.00 57.08

LEL 58.02 0.38 4.02 30.34 39.77 70.11 16.12

LEW 27.43 0.36 3.86 36.33 19.97 56.30 14.91

LLL 14.93 0.21 2.18 11.12 9.12 20.24 4.76

LLW 13.47 0.25 2.69 16.85 4.40 21.25 7.24

REL 57.56 0.58 6.16 53.20 16.20 69.40 37.96

REW 27.87 0.47 4.98 39.78 19.98 59.76 24.77

RLL 14.92 0.22 2.34 13.28 9.56 22.84 5.47

RLW 13.15 0.23 2.45 10.68 7.60 18.28 6.02

Notes: REL - right ear length; LEL - left ear length; REW - right ear width; LEW - left ear width; RLL - right
lobular length; LLL - left lobular length; RLW - right lobular width; LLW - left lobular width; SEM - standard

error of mean; SD - standard deviation.

wn

R

Table 3. Comparison of the measurements of the study population (n=112). QZ)

o)

Variable n T P Inference O

Left ear length-right ear length 112 0.788 0.433 NS 2

Left ear width-Right ear width 112 -0.813 0.418 NS <

Left lobular length-right lobular length 112 0.004 0.997 NS ©

Left lobular width-right lobular width 112 2.011 0.047 NS a

Notes: P - the statistical significance was determined using paired sample T-test; P<0.05 - significance %

between mean values; n - sample size; NS - not significant; S - significant. a
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54 are females and 58 - males (Table1). The
mean values, standard deviation, standard
error and variance for each variable of each ear
measured in the study population (n=112) are
enlisted in Table 2. The results also proved that
values for the right ear measurements did not
significantly differ (p>0.05) from that on the left
(tables 2 & 3) for the study population.

The results of the population data subjected
to Chi-square analysis at 95% and 99%
confidence interval is presented in Table 4.

The results attained proved that there was
a weak correlation (r=0.3) in the left and right
ear length of the study population (n=112). The
P value for the correlations was found to be
<0.05 (P=0.001), hence the correlation was
statistically significant. Left and right ear width
however showed a slight correlation, which was
not significant (P=0.073; r=0.2). Significant
correlations were found in the study population
between the right and left side of lobular length

(P=0.000; r=0.7) and that of lobular width
(P=0.000; r=0.7).

InTables 5, 6, and 7, four important indices
(ear width, ear length, lobular length and
lobular width) were assessed and compared in
both and within the sexes. It was evidenced that
females had a significantly larger dimensions
(p<0.05) of left lobular length and right lobular
length compare to that of males (table 5).

The dimensions for left lobular length and
right lobular length were 15.41+0.31 and
15.58+0.29 in females, whereas in males -
14.47+0.27 and 14.32+0.31 respectively. Apart
from the left and right lobular length that
proved higher mean values in females, the
mean values of other parameters were not
consistently higher (p>0.05) in one gender with
respect to a side (Table 5). Within the male
population, the right ear measurements did not
significantly statistically differ (p>0.05) from
that on the left (Table 6).

Table 4. Pearson correlation of right and left side measurements of the study population (n=112).

Variable n R r P
Left ear length-right ear length 112 0.307 0.094 0.001**
Left ear width-Right ear width 112 0.170 0.029 0.073
Left lobular length-right lobular length 112 0.654 0.428 0.000**
Left lobular width-right lobular width 112 0.799 0.638 0.000**

Notes: n - sample size; r - coefficient of correlation; p - statistical significance; superscript * - correlation
at 0.05 level (p<0.05); ** - correlation at 0.01 level (p<0.01).

Table 5. Comparison of ear measurements between the male and female study population.

Variable Sex n MeanzSE T value P value | Inference

Left ear length Male 58 58.14+0.60 0.318 0.751 NS
Female 54 57.90+0.46

Left ear width Male 58 27.41+£0.37 | -0.055 0.956 NS
Female 54 27.45+0.65

Left lobular length Male 58 14.47+0.27 | -2.327 0.022 S
Female 54 15.41+0.31

Left lobular width Male 58 13.50+0.34 | 0.125 0.901 NS
Female 54 13.43+0.38

Right ear length Male 58 58.40+0.45 | 1.505 0.135 NS
Female 54 56.66+1.10

Right ear width Male 58 | 28.21:0.68 | 0.747 0.457 NS
Female 54 27.51+0.65

Right lobular length Male 58 | 14324031 | -2.954 0.004 S
Female 54 15.58+0.29

Right lobular width Male 58 13.04+0.32 | -0.508 0.613 NS
Female 54 13.28+0.34

Notes: values are presented as Mean+SE; P - statistical significance was determined using independent
sample T-test; P<0.05 - statistical significance between mean values; SE - standard error; n - sample size;

NS - not significant; S - significant.

o]
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Table 6. Comparison of measurements in males (n=58).

Variable n T P Inference
Left ear length-right ear length 58 -0.443 0.660 NS
Left ear width-Right ear width 58 -1.180 0.243 NS
Left lobular length-right lobular length 58 0.543 0.589 NS
Left lobular width-right lobular width 58 1.920 0.060 NS

Notes: P - statistical significance was determined using paired sample T-test; P<0.05 - significance between
mean values; n - sample size; NS - not significant; S - significant.

Similarly, the right ear indices (right ear
length, right ear width, right lobular length,
right lobular width) did not statistically signifi-
cantly differ (p>0.05) from that of the left (left
ear length, left ear width, left lobular length, left
lobular width) in female population (Table 7).

Tables 8 and 9 present the relationship
between the lobular attachments of the ear in
males and females subjects of [jaw ethnicity.
The proportion of the male subjects, whose left
lobular attachment is either attached, free
(unattached) or intermediate, were 22 (19.6%),
17 (15.2%) and 19 (17.0%) respectively (Table 8).

For female subjects, the proportions were
27(24.1%), 8 (7.1%) and 19 (17.0%) respectively.
Results proved no significant relationship
between the left lobular attachment and
gender (X?=3.612; P=0.164). The proportion of
the male subjects, whose right lobular attach-
ment is either attached, free or intermediate,
were 21 (18.8%), 11(9.8%), and 26 (23.2%)
respectively (Table 9). On the other hand, the
proportion of the female subjects, whose right
lobular attachment was either attached, free or
intermediate, were 14 (12.5%), 6 (5.4%), and 34
(30.4%) respectively. There was no significant

Table 7. Comparison of the left and right ear measurements in females (n=54).

Variable N T P Inference
Left ear length-right ear length 54 1.189 0.240 NS
Left ear width-Right ear width 54 -0.660 0.948 NS
Left lobular length-right lobular length 54 -0.813 0.420 NS
Left lobular width-right lobular width 54 0.800 0.427 NS

Notes: P - statistical significance was determined using paired sample T-test; P<0.05 - statistical significance
between mean values; n - sample size; NS - not significant; S - significant.

Table 8. Relationship between gender (sex) and left lobular attachment of the population (n=112).

Sex Left lobular attachment Total Chi-square analysis
Attached Free Intermediate df X? p-value
Male 22 (19.6%) 17 (15.2%) 19 (17.0%) 58 (51.8%) 2 | 3.612 0.164
Female 27 (24.1%) 8(7.1%) 19 (17.0%) 54 (48.2%)
Total 49 (43.8%) 25 (22.3%) 38 (33.9%) 112 (100.0%)

Notes: the values are presented as frequencies and percentages; P<0.05 - the association (or relationship)
between variables.

n

|

Table 9. Relationship between gender (sex) and right lobular attachment of the population O

(n=112). E

P - - O

Sex Left lobular attachment : Total Chi-square analysis A

Attached Free Intermediate df X2 p-value 1

Male 21(18.8%) 11(9.8%) 26 (23.2%) 58 (51.8%) 2 | 3.799 0.150 <

Female 14 (12.5%) 6 (5.4%) 34 (30.4%) 54 (48.2%) =

Total 35(31.3%) 17(15.2%) 60 (53.6%) 112 (100.0%) a

=

Notes: the values are presented as frequencies and percentages. P<0.05 means there is an association (or o

relationship) between variables. a
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relationship between gender and right lobular
attachments (X?=3.799; P= 0.150).

Discussion

The current study presents anthropometric
dataregarding the external ear measurements
for individuals of Bayelsa State, Nigeria. Gender
(sexual) dimorphism was presented in the
study as regards the measurement of lobular
length. The results revealed that lobular length
(left and right) were significantly higher
(p<0.05) in female subjects compared to thatin
males. These findings are supported by other
studies carried out involving India and Urhobo
people of Southern Nigeria, where females
were also found to have a statistically higher
lobular length than males [3,17]. Our findings
however contradict with reports in northern
Nigeria which showed that lobular dimensions
were higher in males compare to females [27].
When the mean value for lobular length,
measured on both sides with respect to gender,
of our study was compared with other
anthropometric studies in Nigeria, it was
evidenced that Urhobo people of Southern
Nigeria had similar mean values, while the
residents of Maiduguriin Northern Nigeria had
lower values. This implies that within Nigeria,
people of different ethnicity and geopolitical
zones have different dimensions of Lobular
length. The findings by Wang et al. [18], in a
Chinese population, however suggested that
lobular dimensions were not significantly
different in the two genders. The disparity in
mean ear dimensions, across subjects in
Nigeria as well as other countries of the world,
could be attributed to differences in social and
ethnic background.

The data of the present study was analyzed
using Pearson correlation and it was observed
that all parameters on both sides of the ear
proved to have a positive linear relationship,
which was highly significant (P<0.05). This was
similar to the findings of Ekanem et al. [4] and
Eboh [17].

Analyzing the data with regards to sex of
the subjects, it was observed that ear length
and width did not vary significantly (p>0.05)
between males and females. Our findings
however contradict with the reports in northern
Nigeria, which showed that auricular dimensions
were higher in males compare to females [4].
Similarly, our findings also contradicts with
reports of Azaria et al. [8], Sharma et al. [9],
Brucker et al. [19], Bozkir et al. [22] Purkait and
Singh [27], Ito et al. [28], and Meijerman et al.

[29], who suggested that males have longer
ears compare to females. The disparity in mean
ear dimensions across the subjects in different
countries of the world could be associated with
difference in social and ethnic background.
Various authors have studied the attachment
of ear lobules in different populations and its
significance in population genetics [11, 15]. The
results of the present study, from data analyzed
using Chi-square test, revealed no association
(p>0.05) between gender and lobular
attachment for both ears. The frequency of
attached, free and intermediate ear lobule in
Ijaw population of Bayelsa State, Nigeria, were
43.8%, 22.3% and 33.9% respectively for the left
ear and 31.3%, 15.2% and 53.6% respectively
for the right ear. In other words, attached and
intermediate ear lobules were found to be the
predominant (p>0.05) type of ear lobule in the
Ijaw population of Bayelsa State, Nigeria. Our
study corroborates with findings by Munir et
al. [15], Shah et al. [30], Kim et al. [31], who
revealed a higher frequency of attached and
intermediate ear lobules in Japanese/Chinese
and Indian population respectively. In a similar
research carried out by Munier et al. [15], it was
proved that no association (p>0.05) existed
between ear lobular attachment and gender.
The present study however differs from the
findings by Nwaopara et al. [32] and Singh and
Sengupta [33], who have reported a higher
frequency for free (unattached) ear lobule
(63.4%) amongst the population of Ekpoma,
Nigeria and Assamese, India respectively.

Conclusions

The present anthropometric study on ear
measurements revealed a significantly higher
lobular length in females compare to males,
thus sexual dimorphism was established as
regards the measurement of lobular length in
Ijaws population. Other parameters such as ear
length, ear width, lobular width, and lobular
attachment did not exhibit significant gender
differences in the study population. There was
a high correlation in the dimensions of ear
length, lobular length, and lobular width of the
pinna between the right and left sides in the
study population. It is believed that the results
of this study would be very useful in ear
morphology and reconstructive surgeries.
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AHTPOIIOMETPHUYHI JOCII/UKEHHA 30BHIITHBOT'O BYXA CEPE/
AO0POCJIOI'O HACEJEHHA I/I)KO IITATY BAUEJICA V HITEPII

E.I. Edibamode’, K. Mordi', L.K. David’, A.M. Eghoi?
1 - UNIVERSITY OF PORT HARCOURT, PORT HARCOURT, NIGERIA
2 - ABIA STATE UNIVERSITY, UTURU, NIGERIA

BcTyn. Bumipto8aHHA 308HIWHL020 8YXA € HAO38UYALIHO 8AMIUBUM ¥y MOpP®Oa02ii 8yXa ma peKoH-
cmpykmusHil xipypeil.

MeTa po60oTu - docridumu cmamesuli dumMopdizm y aHMponomempii 308HILWHLO20 8YXa (D0BHCUHA 8YXQ,
WUPUHA 8yXa, BUCOMA 8YWHOI Cepexcku (MOYKU), WUPUHA MOYKU) MA NPUKPINAeHHs MOYKU ceped 00poC/1020
HacesneHHs emHiYHOI 2pynu idxco y wmami balienca, Hizepis.

MeToan. O6cmedxxeHo 112 dopocaux sikom 8id 18 do 50 pokis, siki 8idnoesidanu Kpumepisam 00Cai0HeHHA.
Yomupu niHiliIHUX 8UMIpU 308HIWHLO20 8YXQ, 0 CaMe 008XCUHA 8yXa (4B), wupuHa 8yxa (LLIB), 008x#UuHa MOYKU
(AM) ma wupuHa mouku (LLIM) 6ynu npogedeHi y docnidxnysaHuUx oci6 o6ox cmamed. [pukpinaeHHs MOYKU y
40/108iKi8 Ma XiHOK MAkKox< ¢ikcysanocad. OmpumaHi 0aHi 06p06adanU 3 BUKOPUCMAHHAM t-Kpumepiro
CmetodeHma, kpumepito Xi-keadpama kopensyii [lipcoHa 30 00NOM020K0 NPo2pPaMHO20 3a6e3nedeHHs SPSS
gepcii 20.0.

PesynbtaTu. CepedHi senuquHu 045 00Cidxny8aHuUX nokasHukie AB, LB, AM,LLIM ckaanu y 4onoesikie ma
HiHOK 58,14+0,60, 27,41+0,37, 14,47+0,27, 13,50+0,34 ma 57,90+0,16, 27,45+0,65, 15,41+0,31, 13,43+0,38
8i0n08i0Ho. OOHAK 0419 NPAB020 BYXA Y Y0A08IKI8 | HIHOK Yi NOKG3HUKU 6yau 58,40+0,45, 28,21+0,68, 14,32+0,31,
13,04+0,32 ma 56,66+1,10, 27,51+0,65, 15,58+0,29, 13,28+0,34 8idnogioHo. Cmamucmu4Ho 00CMOo8ipHi
8iOMIHHOCMI y po3Mipax by/u Auwle y NOKA3HUKA 008MXUHU /1i801 | Npagoi MOYKU y H(iHOK 8i0HOCHO 00 Y0/108iKi8
(p<0.05). Koegiyienm kopensayii [lipcoHa Mix hapamempamu npagoz2o ma nigo2o 8yxa bys docmosipHUM ma
no3umueHuUM. 3a Kpumepiem Xi-keadpama He 6yn0 3HalideHO 00CMOBIPHUX 83aeM038’a3kie (p>0.05) y
npukpinaeHHi MOYKU 8yxa y pi3HUX cmamed.

BucHOBKMW. [IposedeHe HaMU 00C/1iOHeHHS 00380/1U/0 8CMAHOBUMU cCmamesi 8i0MiHHOCMI y 008XCUHI
MOYKU 8yxa y nonynayii Ioxco. Lii daHi 6ydyme KOpuCHUMU npu 8ug4eHHi Mop@o102ii 8yxa ma npu nposedeHHi
PEKOHCMPYKMUBHUX 8MPYYaHb HQ 8YCi.

K/TFOYOBI C/TOBA: 30BHiwWHe Byxo(auricla); Ipxo wTaTy Baiienc; aHTponomeTpis; cTaTeBuii
Amop¢isM; NPUKPINIEHHA MOYKU ByXa.
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ANTIOXIDANT ENZYMES ACTIVITY IN EXPERIMENTAL
ISCHEMIA-REPERFUSION INJURY

N.V. Volotovska*, T.V. Kashchak
I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. Blood loss during civil and military limb trauma is the most common cause of preventable
death. Complications due to the use of a hemostatic tourniquet are widely investigated nowadays. Therefore, the
standards of the past have to be improved.

Objective. The aim of the research is to study the reaction of the enzyme chain of the liver antioxidant system
in the presence of modifications of ischemia-reperfusion injury (IRI).

Methods. 270 white male-rats, aged 5-5.5 months, were used in the research. The dynamics of antioxidant
enzymes activity catalase (Cat) and superoxide dismutase (SOD) in liver tissue in cases of modifications of ischemia-
reperfusion injury (IRI) were studied. The period of investigation was in 24 hours, 3, 7, 14 days after the injury.

Results. In cases of simulated IRI the catalase level mainly decreased at each period of the experiment. The
peak of SOD activity was evidenced on the 1%, 3" or 7" days after the experimental IRI according to the degree
of trauma severity. Thus, IRI combined with severe blood loss and mechanical trauma caused the severest affection
of the antioxidant system. Even a single application of hemostatic tourniquet caused similar wavelike reactions

BIOMEDICAL SCIENCES

at different times.

Conclusions. The development of IRI is accompanied by a significant depression of the liver antioxidant
system. The most significant changes were evidenced in cases of IRI combined with blood loss and mechanical
trauma, but even a single application of a tourniquet caused active response of the antioxidant enzymes.

KEY WORDS: ischemia-reperfusion injury; trauma; blood loss; hemostatic tourniquet; catalase;

superoxide dismutase.

Introduction

The damage to both skeletal muscles and
internal organs caused by local ischemia-
reperfusion injury (IRI) is mostly present as a
result of intraoperative use of tourniquet for
temporary stop of blood circulation in internal
organs or for stop of blood loss from the limb
[1-10]. Primary damage leads to mechanical
pressure, as for secondary mechanisms -
reactive oxygen intermediates and lipid pero-
xidation are responsible for it [11]. Nowadays,
in state of affairs of Ukrainian hostilities,
gunshot wounds are widespread, and use of
hemostatic tourniquet is one of efficient me-
thods. But complications accompanying it are
more serious than it was though previously.

In the case of the hemostatic tourniquet
use it is important to know about period of
depression of antioxidant system in vitally
important internal organs, for preventing
exhaustion in further period consequences.
*Corresponding author: Nataliya V. Volotovska, MD, Ph.D.,
Department of Physiology, Bioethics and Biosafety, I.Hor-
bachevsky Ternopil National Medical University, 1 Maidan Voli,

Ternopil, Ukraine, 46001
E-mail: volotovskanv@tdmu.edu.ua

Oxidative stress is crucial in development
of local and systemic damage and progress of
ischemia-reperfusion injury in cases of oxygen
insufficiency of the tissues [12]. Overproduction
of reactive oxygen species (ROS) is combined
with the violation of oxidative-reduction
systems activity, damage of DNA, membrane
receptors, dysfunction of ion channels and
changes in composition of membrane phos-
pholipids, as well as activation of caspase
mechanism of apoptosis [13, 14, 15]. All this is
leading to activation of endogenous antioxidant
defense [13, 16-22].

Cellular systems of antioxidant protection
are classified as enzymatic and non-enzymatic.
The first one includes superoxide dismutase
(SOD), glutathione peroxidase (GP), and cata-
lase (Cat), which provide the first line of defense
against the action of ROS in that way, when the
product of the first reaction becomes a sub-
strate for the next one [23].

Overexpression of SOD1 prevents neuronal
death in the area of hippocampus [24].
However, the extremely short period of half-life
of SOD1 in circulating blood makes it difficult
to use enzyme therapy for brain damage. In
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some studies GP provides even greater defense
against oxidative stress than SOD - its expres-
sion, as well as SOD provides cytoprotective
effect [16, 18]. Cat is a very important element
in maintaining the intracellular concentration
of reduced glutathione and is crucial in
neutralization of free radicals [24, 25].

Various methods are used nowadays in
therapeutic treatment: from lowering the
temperature of the limb to the use of various
drugs. Thus, the protective effect of curcumin
on the myocardium, kidneys, nervous tissue
and lung has been proved in cases of this
pathology [26-29]; montelucast reduces the
level of local and systemic manifestations [29],
legalon, thiotriazolin, emoxipine, silymarin have
antioxidant effect [3-9, 25-30]. Studying of
changes in the activity of antioxidant enzymes
is needed for prediction of the effect of a
specific antioxidant corrector. This is essential
to avoid exhaustion of the impaired body
systems.

Objective. The aim of the research was to
study the reaction of enzyme chain of the liver
antioxidant system in the presence of modi-
fications of IRL.

Methods

The experiments were performed on 210
non-linear white male rats, 250-270 g in weight
and 5-5.5 months of age. They were divided into
5 groups, each of them contained 10 animals:
the control group involved rats, which were
administered thiopental-sodium anesthesia
(40 mg/kg of body weight intramuscularly) only,
the 1%t experimental group (tourniquet was
applied to the upper thigh 1/3 for 2 hours,
reperfusion for 1 hour; the 2" experimental
group (blood loos in amount of 40% of circu-
lating blood volume was simulated; the
34 experimental group (a tourniquet on a
thigh was combined with 40% blood loss from
femoral vein of another lower limb), the
4t experimental group (a tourniquet on a
thigh was combined with femoral bone fracture
of another lower limb), the 5t experimental
group (a tourniquet on a thigh was combined
with 40% blood loss and femoral bone fracture
of another lower limb).

The experiments were performed in the
vivarium of I. Horbachevsky TNMU in the
morning. Special room had stable temperature
(18-22°C), relative humidity (40-60%) and
illumination 250 lux. Animals were sacrificed on
the 1%, 3, 7 and 14% days after the trauma by
thiopental-sodium anesthesia (40 mg/kg of

body weight intraperitoneally by total blood-
letting from the heart. An activity of catalase
(mckat/kg) and superoxide dismutase (U/mg)
of 10% liver homogenate samples were
determined by means of Koroliuk MA, et al.
(1988) and Chevari S, et al. (1985) methods res-
pectively.

All experimental stages of the research
were performed following the European Con-
vention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific
Purposes (Strasbourg, 1986), resolution of the
First National Congress on Bioethics (Kyiv, 2001)
and the Order of the Ministry of Health of
Ukraine No. 690, dated September 23, 2009.

A statistical analysis of the attained data
was performed by Excel (Microsoft, USA).
Statistically significant differences between the
independent indices were estimated by the
Student t-test at normal distribution and by
nonparametric methods in other cases. The
results were presented as (M+m), where M
means value, m - standard error. Correlation
analysis was performed for the attained data.
Linear correlation coefficient (r) and its sig-
nificance (b) were evaluated as well. The link
was considered to be lost if the r index was 0,
the link evidenced of a week correlation when
the range was 0-0.03. In the case of the range
0.3-0.7 - a medium link was established, the
range of 0.7-1.0 proved a strong interaction
correlation. The correlation coefficient was
significant at p<0.05.

Results

The total content of the investigated enzy-
mes of the liver antioxidant system is presented
in Table 1.

On the 15t day, compare to the control, an
increase of SOD in 3.1 times (p1<0.01), by 80%
(p2<0.01), by 13% (p3<0.002), in 70% (p4<0.003),
in 4.6 times (p5<0.006) was evidenced. As for
Cat, its level decreased the most. Thus, on the
15t day its decrease in 24.1 times (p1<0.01), in
13.5 times (p2<0.01), in 17.8 times (p5<0.004)
took place as well as an increase by 16%
(p3<0.004) and 38.6% (p4<0.002).

On the 3 day, compare to the control, in
all experimental groups there was an total
increase of SOD activity in 3 times (p1<0.003),
in 5.4 times (p2<0.007), in 3.6 times (p3<0.03),
in 2.48 times (p4<0.01), by 86% (p5<0.007). As
for Cat, its dynamic was variable. A decrease in
its level in 24 times (p1<0.003), in 11.9 times
(p2<0.005) was evidenced, but in cases of other
traumas - an increase of its level in 1.8 times
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(p3<0.3), by 77.6% (p4<0.05), in 1.8 times
(p5<0.08).

On the 7t day, compare to the control, there
was an evident increase if SOD activity in all
experimental groups: in 13 times (p1<0.02), in
3.1 times (p2<0.006), in 12.8 times (p3<0.02), in
4.2 times (p4<0.009), in 5.3 times (p5<0.003). In
all groups, except for the 3 one, a decrease of
catalase activity was evidenced: in 3.5 times
(p1<0.02), in 8.3 times (p2<0.005), in 15.2 times
(p4<0.005), in 21.8% (p5<0.02). So, in the 3
group an increase in 12.8 times (p3<0.02) took
place.

The similar dynamic of SOD, compare to the
control, was evidenced on the 14" day. An
increaseinitslevel in 2.2 times (p1<0.01), in 2.4
times (p2<0.004), in 5.8 times (p<0.006), in 2.36
times (p4<0.007), in 5.4 times (p5<0.01) took
place.

As for Cat mostly depression was evidenced:
a decrease of activity, compare to the control,
in 10.3 times (p2<0.005),in 13.2 times (p3<0.004),
in 1.67 times (p4<0.05), in 21.4% (p5<0.04), and
a very slight increase of it in cases of isolated
tourniquet - by 17% (p1<0.05).

In cases of activation of lipid peroxidation
and oxidative stress, according to the literature,
different levels of activity of the antioxidant
system in all organs of the affected organism
take place. The attained results proved that in
1 day in liver homogenate, the SOD activity
increased in all experimental groups, but the
most- in cases of a tourniquet alone and IRI
combined with blood loss and mechanical

trauma, when its level, compare to the control,
increased in 3.1 and 4.6 times respectively.

In all groups, a wavelike reaction of enzyme
activity was revealed. Thus, in cases of isolated
IRI on the 1%t and 3™ days it increased in 3-3.1
times; it suddenly increased (including the
steady rates, compared with the previous
periods) in 13 times, compare to the control, on
the 7t day - in 13 times; it did not reached the
norm on the 14™ day. Blood loss only, associated
with primarily hypoxia of the ischemic genesis,
triggered activation with peak of its activity on
the 3 day; it was still high. The combination of
classic IRI with blood loss contained elements
of both abovementioned manifestations: a mild
increase in the activity (apparently due to the
fight against hypoxia) in the presence of blood
loss only as well as in cases of IRI only; the peak
of increased SOD activity on the 7t day reached
12.8-fold rate compare to the control.

The activity of SOD in cases of IRI combined
with mechanical trauma increased and
decreased very smoothly with its peak on the
7t day, then it did not reached a normal level
on the 14" day, being higher than the initial
levelin 2.36 times, and lower than the previous
period index by 44%.

In cases of IRI combined with blood loss
and mechanical trauma, two peaks of the SOD
activity increase were evidenced: on the 1stday
(in 4.6 times, compare to the control) and in 5.3
times on the 7" day, compare to the control.
On the 31 day, which was obviously life-
threatening for this type of injury, the index

Table 1. Changes in superoxide dismutase (U/mg) and catalase activity (mckat/kg)
in 10% liver homogenates of the studied rats in cases of modifications of ischemic
reperfusion injury and isolated blood loss, (Mtm).

BIOMEDICAL SCIENCES

Group 1 2 3 4 5
Post . .
I

traumatic | Control ndices Tourr_wrlquet BIooBdLIoss T+BL T+F T+BL+F
period
In 24 SOD | SOD | 047:0.06* | 0.27£0.04* | 017:0.01 | 0.26:0.02* | 0.70£0.02*
hours 0.15+0.09
after Cat | 0.18+0.08% | 0.33%0.07* | 517#0.02* | 6.150.01* | 0.25%0.02*
trauma
In 3 days SOD | 0.45:0.02 |0.82£0.03%** | 0.54+0.16%** | 0.37+0.01%%* | 0.28+0.03%**
?:atiina Cat | 0.1820.01% | 0.37£0.02* | 8.01+1.3%** | 7.89+0.3%** |8.09+0.36%**
In 7 days SOD | 1.94%0.05%** | 0.4740.03%** | 1.93+0.06%** | 0.29+0.02%** | 0.80£0.02%**
?f;irma 4445036 | Cat |1.28+0.16%%%|0.540.02%** | 6.63£0.27%** | 0.63£0.04*** | 3.47£0,05%**
In 14 days SOD | 0.32£0.06%** | 0.36£0.03*** | 0.88+0.02*** | 0.35+0.03*** | 0.83+0.06*
fit
trauma Cat |520£036%**| 043£0.03% |0.3420.02%** |2.65£0.20%** | 3.49+0.20%

Notes: * - statistical significance compare to the control, ** - statistical significance compare to the previ-
ous period of the study.
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slightly exceeded the initial control level, but
was statistically significantly lower than on the
1t day (in 2.5 times). On the 14 day it was still
increased and the same as on the 7t day.

In cases of IRI only, the dynamics of Cat
activity was depressed with a peak of decrease
on the 3 day (in 24 times). In the presence of
blood loss only in all study periods, the activity
of catalase was statistically significantly lower
compare to the control.

The peculiar features of the IRI course
combined with blood loss was an increase in
the activity of this enzyme on the 3 day in 1.8
times compare to the control; on the 14" day
the index decreased in 13.2 times compare to
the control, and in 23.6 times compare to that
on the 3 day.

A somewhat similar dynamics of catalase
activity was evidenced in cases of IRI combined
with mechanical trauma, when after a gradual
increase till the 3 day, it suddenly decreased
in 15.2 times compare to the control on the 7t
day. Although, the index was still decreased on
the 14" day being lower than the initial level in
1.67 times.

The peculiar features of the Cat dynamics
in cases of IRI combined with blood loss and
mechanical trauma, was a sudden decrease of
its activity on the 15t day compare to the control;
then the Cat activity suddenly increased on the
3 dayin 1.8 times compare to the control and
was of the initial level up to the end of the
experimental period, which obviously proved
the reduction of enzymatic component on the
14% day.

Discussion

The correlative analysis proved that, in
development of ischemia-reperfusion syndrome
caused by application of hemostatic tourniquet,
liver failure is significant. This is the focus of the
further research on morphological changes of
liver tissue. Hepatic active response is a predic-
table reaction, which belongs to the multiply
organ failure syndrome. Association of IRI as
the cause of such pathological effect in the
organismwas proved by a couple of researchers
[32-36].

Probably, the depression of SOD is caused
by overproduction of malonic dialdehyde and
other derivates of peroxidation. Detection of
reactive oxygen intermediates accumulation,

enzymes of cytolysis and oxidative modification
of proteins might be studied in our future
experiments, as these indexes are typical in
such course of pathological external affection
[37, 38]. Moreover, the data on changes in the
activity of serum and organ catalase in cases of
trauma and blood loss vary. Both decrease and
increase of Cat level were presented in different
experimental studies [13, 21, 22]. And in our
research such fluctuations of this enzyme acti-
vity were proved.

In our case active response of the liver anti-
oxidant system was evidenced by an increased
activity of antioxidant enzymes. Our studies
coincide with those of other researches.
E. Orlova et al. proved that SOD activity was the
highest in liver and they advised correction of
its insufficiency with Vin-Vita [23]. Affection of
liver tissue caused by application of tourniquet
led to possible development of multiple organ
failure due to the ischemic-reperfusion limb
syndrome [37].

Besides, we consider that IRI combined with
mechanical trauma may cause development of
abrupt affecting of the liver antioxidant system
that was proved by higher level of SOD activity
than in other groups and which was still
increased till the end of experiment. Such
dynamics of SOD and Cat activity is a result of
lipid peroxidation, i.e. increase in malonic
dialdehyde level [2, 11]. It has been established
that reperfusion syndrome affects the develop-
ment of systemic changes in cases of combined
trauma complicated by bleeding that is mani-
fested by a significant activation of lipid pero-
xidation.

Conclusions

Even a single use of a hemostatic tourniquet
leads to significant changes in the activity of
enzymatic level of antioxidant defense. In
present hostilities, blood loss is often combined
with skeletal injuries, so it is advisable to limit
the time of use of a hemostatic tourniquet or
to take measures that counteract the develop-
ment of lipid peroxidation caused by an injury
in the need of bleeding stopping with a
tourniquet.
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3MIHA AKTHBHOCTI ®EPMEHTIB AHTHOKCHAHOI'O 3AXHCTY
ITPH EKCIIEPUMEHTAJIbHOMY IINEMIYHO-PEIIEP®Y3IMHOMY CHH/IPOMI

. . . H.B. BonotoBcbKa, T.B. Kawak
TEPHOIMIIbCbKUM HAUIOHAJIbBHN MEANYHNN YHIBEPCUTET IMEHI 1.5. TOPBAYEBCHKOIO,
TEPHOIL/Ib, YKPAIHA

Bctyn. Kpososmpama npu yusinsHili ma 60liosili mpasmi KiHYi8oK € HalinowupeHiuor nPUYUHOK Mm.3.
«npeseHMuUBHUX cMepmeli». OCKiNbKU CMaHOapmu MUHY/1020 o000 HAOGHHS Hegiok1aoHoi MeduyHoi donomoau
01 3yNUHKU Kposomey nompebyroms NoAiNWeHHs, Cb0200Hi WUPOKO O0CAIOHYIOMbCA YCKAAOHEHHSA npu
HAKAAOAHHI 2eMOCMamu4H020 0X2yma.

MeTa pgocnip)xeHHA. Bug4yumu ocobausocmi peakyii pepmeHmamusHoi NGHKU GHMUOKCUOAHMHOI
cucmemu neYiHku Ha mai mooudikayili iwemidHo-penepdysitiHozo cuHopomy (IPC).

MeToawn pocnipyKeHHs. Y ekcnepumeHmi aukopucmaro 210 6inux wypis-camyie sikom 5-5,5 micayie.
JocnidnceHo QUHaMiKy akmusHOCMi AHMUOKCUOAHMHUX pepmeHmie kamanasu (Kam) ma cynepokcudoucmymasu
(CO4) 8 mKaHUHI ne4viHKU npu po3eumky moougikayit IPC. 3a6ip 3paskie mkaHUHU 30ilicHro8anu Yepes 24
200UHU, Ha 3, 7 ma 14 dobu nicna mpaemu.

PesynbtaTtun. ¥ Hawux moodensx IPC pieeHb Kam 8 0CHOBHOMY 3MeHWY8a8CA 8 KOXCHOMY nepiodi
ekcnepumeHmy. ik akmusHocmi CO/ cnocmepieasca Ha 1, 3 ab6o 7 doby nicasa ekcnepumeHmansHozo IPC -
32i0H0 MoOuikayili cmyneHie msxkocmi mpasmu. TAKUM YUHOM, 30CMOCY8AHHSA KPOBOCNUHHO20 0X2yma 8
NOEOHAHHI 3 BMPAMOIO KPOBI MA MeXaHIYHOK MPABMOI, BUKAUKAAU HAUBAXCHI YPAHEHHS AGHMUOKCUOHOI
cucmemu. lpu ybomy, Ha8IMb 00HOPA308€ 30CMOCYBAHHS 0XRYMA BUKAUKAAO NOJI6HI Xx8unenodibHi peakyi.

BUCHOBKW. Po38umok IPC cynpoBooHyeMoCs CUNbHUM NPU2HIYeHHAM GHMUOKCUOHOI cucmemu neviHKu.
Halibinbw 3HAYHI 3MiHU cnocmepi2anuca Ha mMai 30CMOCYy8AHHA KPOBOCNUHHO20 0X2yma, NOEGHAOHO20 3
8mMpamor Kposi ma MexaHiyHO MpPasmMoro, ase HOBIMb i30/16080He 30CMOCYBAHHSA OX2YmMa 8UKAUKANO
cymmesy 3MiHy akmugHoCmi aHMUOKCUOHUX pepmeHmie.

K/TFOYOBI C/TOBA: iLuemiuHo-penepdysiliHU CMHAPOM; TpaBMa; BTpaTa KpoBi; reMocTaTUUHUM
DOKTYT; KaTanasa; cynepokcuaamcmyTtasa.
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BonotoeBcbka Hatanifa BonognmMmupiBHa - KaHA. Mej. HaykK, acucTeHT kadeapw disionorii 3 ocHoBamu
bioeTkM Ta biobe3neku, TepHOMINLCBKUIA HaLiOHaNbHWT MegnYHUIA yHiBepcuTeT iMmeHi LS. TopbayeBcbKkoro
MO3 YkpaiHn.
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