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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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NEURAL PROTEINS AS MARKERS FOR DIAGNOSING STRUCTURAL DAMAGE TO
BRAIN MATTER IN POST-TRAUMATIC NEUROCOGNITIVE DISORDERS

L. Dzyak, K. Miziakina.

Dnipro State Medical University, Ukraine.

Abstract.

Objectives: To determine the role of neural markers for brain
matter damage in cognitive dysfunction after severe traumatic
brain injury.

Materials and Methods: A comprehensive study included
clinical and laboratory examination, neuropsychological
testing, MRI. To identify markers of structural changes in
brain substance, neural proteins were identified: glial fibrillary
acidic protein and neural cell adhesion molecule. Neural
proteins quantification was performed using an enzyme-linked
immunosorbent assay.

280 patients with severe traumatic brain injuries and moderate
neurocognitive disorders (MND) (DSM-V) were examined
and divided into two groups according to the pathogenetic
mechanisms and neuropsychological profiles. The first group
included subjects with MNDs of a primary dysmnestic type (73
persons), the second group presented MNDs of a neurodynamic-
dysregulatory type (207 persons). The follow-up period was 6
months, 1 year and 3 years.

Results: By the third year, progression of cognitive disorders
in the first group was detected in 5% of cases, in the second
group - in 10% of cases.

Conclusion: The revealed NP dynamic disturbances and
their quantitative assessment in clinical groups during the
examination allowed specifying structural and functional brain
changes to characterize mechanisms of neurocognitive disorder
development in traumatic brain injuries.

The findings have demonstrated neural proteins can be
considered as markers for not only structural, but also
neurodynamic processes.

Key words. Severe traumatic brain injury, neurocognitive
disorders, neural proteins, GFAP, NCAM.

Introduction.

Treatment and rehabilitation of patients with traumatic brain
injury (TBI) is one of the urgent problems of public health.
The overall frequency of BI in European countries is 262
hospitalizations per 100,000 people per year [1]. At the same
time, severe TBI accounts for only about 10% of all cases which
lead to the most serious consequences: early death in 39% of
cases and poor outcomes in 60% of cases [2].

It should be noted that traumatic brain injury is also a serious
medical problem in Ukraine. Thus, the prevalence of this
pathology is 1.99-3.0 cases per 1000 adults per year [3].

It has been established that the causes determining the
disability status in this category of patients include disorders of
higher mental functions [4-6].

Besides, it has been found that pathognomonic nature of
psychopathological consequences does not depend on the injury
severity, intensity of neurological disorders, and the structural
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brain damage pattern and can be formed both in the acute,
intermediate, and long-term periods of BI. It has been shown that
more than 35% of patients with mild brain injury subsequently
develop cognitive impairments of varying severity. After a
severe injury, this number is significantly higher [7]. It has been
established that cognitive dysfunctions are formed in 68.4% of
patients with past severe closed brain injury. At the same time,
3—10% of patients with a history of severe BI develop dementia
[8-10].

In this regard, the mechanisms of cognitive processes in
persons with a history of severe BI is an urgent subject to
investigate.

Having stated that, there is a particular interest and importance
of searching markers for structural and functional changes in
the brain involved in this process in people with a history of
severe Bls.

Studies have shown that neural proteins (NPs) of neuronal,
glial, and microglial origin are general markers reflecting the
objective state of the brain [11].

It is known that the neural cell adhesion molecule (NCAM)
is involved in neuron-neuron interaction, regulates synaptic
plasticity, and forms neuronal connections. Glial fibrillary
acidic protein (GFAP), a specific marker of astrocytes involved
in formation of glial filaments, is involved in molecular
mechanisms of neuron-astrocytic interactions. It is known that
one of the functions of NCAM and GFAP is implementation
of neurocognitive processes. The current data about the role
of NCAM and GFAP as prognostic markers for developing
neurocognitive deficit are rather contradictory [12].

Objectives.

To determine the role of neural markers for brain matter
damage in cognitive dysfunction after severe traumatic brain
injury.

Materials and Methods.

This study is based on the findings of a comprehensive clinical
and neuropsychological examination of 310 patients with
severe traumatic brain injuries (210 men and 100 women) aged
from 20 to 55 years. 280 patients were diagnosed with moderate
neurocognitive disorders (MND). Neurocognitive deficit was
assessed according to DSM-V criteria (2013) [13]. To assess
heterogeneity of the identified neurocognitive disorders, the
following scales were used: Mini-mental state examination
(MMSE) (Folstein M. et al. 1975); Monreal Cognitivity
Assesment (MoCA) (Nasreddine Z. et al. 2005); Frontal
Assessment Battery (Dubois B. et al. 1999); Clock drawing test
(Sunderland T. et al. 1989); Digit Spans (Wechsler D. 1945);
character-digital test (Smith A. 1982), Shulte Table (Bleicher V.
M. et al. 2002); Trail Making Test (Reitan, 1958); 10-item test
(S. Ya. Rubinshtein, 1970); 10-item test (A.R. Luriya, 1976);
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test of "verbal associations" (Borkowski J. et al. 1967).

All patients signed informed consent to participate in the
study. The exclusion criteria: somatic, neurological pathologies
leading to cognitive impairment, mental illnesses; therapy
with psychotropic drugs with a proven cognitive-stimulating
effect in the period of 6 months before the study; pregnancy
and lactation; neoplasms of any localizations; a past history
infectious diseases leading to cognitive deficits; age under 20
and over 55 years old. The control group included people aged
from 20 to 55 years old.

Quantitation of immunological markers for development of
structural and functional brain disorders (MANK and GFAP)
was performed using an enzyme-linked immunosorbent assay
including inhibition of antibodies by antigen in blood serum
[14].

The follow-up period was 6 months, 1 year and 3 years.

The Cramer-Welch (T) criterion is based on the approach
of assessing the equality of mathematical expectations of the
general populations from which the samples are taken. The
statistics of the criterion is as follows:

o Ny (X1 - X2)
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Unknown variances are replaced by their sample estimates (
s and s2), nl n2 are sample sizes, X and X, - are sample
means. As the sample sizes increase, the distribution of the
Cramer-Welch T statistic converges to the standard normal
distribution with a mathematical expectation of 0 and a variance
of 1. In respect to the asymptotic normality of the T statistic, the
decision rule for the Cramer-Welch test is as follows:
if |7,,,/< z(1-a/2), then

The null hypothesis HO, a hypothesis of homogeneity (equal
mathematical expectations), is accepted at the significance level o.

The study used a significance level of 0.05. The value of the
Cramer-Welch statistics module T = 3.8 for "Changes in the
concentration of NCAM protein (mkg/ml) in blood serum of
patients in clinical groups at the follow-up stages depending on
the type of GSU syndrome in 6 months" was compared with
the critical value Zkr=1.96. Since T > Zkr (3.8 > 1.96), the null
hypothesis HO is rejected at the significance level of 0.05, so
there are significant differences between groups 1 and 2.

Results.

When evaluating the findings of the comprehensive clinical
and neuropsychological examination, cognitive deficits were
identified in 90.3% of patients with a history of STBI (Table 1).

The analysis of cognitive indicators in subjects showed
heterogeneity of the clinical signs of cognitive disorders.
The overall assessment of their characteristics was consistent
with the generally accepted diagnostic criteria for moderate
neurocognitive disorder according to DSM-V. The semiotic
analysis of the impaired cognitive functions clarified the
cognitive profile of patients and distinguished two types of
moderate neurocognitive disorders: polyfunctional MND
without primary memory impairments and polyfunctional MND
with primary memory impairments.
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Table 1. Characteristics of STBI Subjects of Comprehensive Clinical
and Neuropsychological Examination.

Examination Group Patient Number %

Patients with no post-

traumatic neurocognitive 30 9,7
disorders

Patients with post-

traumatic neurocognitive 280 90,3
disorders

Table 2. Subjects in Clinical Groups according to MND Type.

Clinical Patient o

Group MND Type Number %
polyfunctional MND with

Group 1 primary memory impairments 73 26

Group II polyfunctional MND with no 207 74

primary memory impairments

Based on the data obtained, the subjects were divided into 2
clinical groups (Table 2).

The detected clinical heterogeneity of neurocognitive deficit
allowed for distinguishing two types of neurocognitive
disorder development: primary dysmnestic and neurodynamic-
dysregulatory.

When assessing blood serum NP level in the subjects, the
results were compared with the indicators characterizing neural
protein concentrations (NCAM and GFAP) in blood serum of
practically healthy individuals with 90-100% correct answers
during cognitive tests and no pathology (20 persons) and
patients with a history of STBI and no neurocognitive disorders
(30 persons).

There were no significant differences in NCAM, GFAP
proteins content in patients with no post-traumatic cognitive
disorders against the controls at the follow-up points.

But when studying content evolution of immunological
markers characterizing the structural and functional state of
the brain (NCAM and GFAP) in patients with post-traumatic
neurocognitive disorders in clinical groups, heterogeneous
indicators were detected depending on the type of neurocognitive
deficit (Figures 1 and 2).

It has been established that traumatic brain injuries induce
pathobiochemical reactions that occur in the main cell pools of
nervous tissue and cause neuronal disorders involving astrocytes
and neuroglia.

When studying concentrations of neural proteins (NCAM and
GFAP) in Clinical group I, a sharp increase in GFAP, a marker
of astrocytes, was detected in blood serum at all follow-up
stages. While the increased concentrations of NCAM involved
in regulation of synaptic plasticity and formation of neural
networks is observed at the initial follow-up points (6 months,
1 year), and then significant decrease is demonstrated (2 years,
3 years).

When studying concentrations of neural proteins (NCAM and
GFAP) in Clinical group II, a significant increase in NCAM
concentrations was detected throughout the entire study period,
and a significant decrease in this indicator was detected at
the 3rd year of follow-up. When studying evolution of GFAP
concentrations in this clinical group, a significant uniform
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Figure 1. Changes in Blood Serum NCAM Concentrations (mkg/ml) in
Clinical Groups at Follow-up Points.
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Figure 2. Changes in Blood Serum GFAP Concentrations (ng /ml) in
Clinical Groups at Follow-up Points.

40

35
30

) ‘_—4//

—4— Control
—_—
- No CD
E 2
= B —i—Group [
O E 15 == Group 1T
10
—_————
5
0
Month 6 Year1 Year 3

Figure 3. Changes in Blood Serum GFAP Concentrations in Patients
with a History of STBI at Follow-up Points in Clinical Groups.
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Figure 4. Changes in Blood Serum NCAM Concentrations in Patients
with a History of STBI at Follow-up Points in Clinical Groups.
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increase in the studied indicator was detected at all follow-up
points.

Evolution of blood serum GFAP concentrations in patients
after STBI at the follow-up points in clinical groups is shown
in Figure 3.

The increased concentration of serum NCAM localized in
the neuronal pool of cells was accompanied by progression
of cognitive impairment in patients. The established positive
correlation between NCAM expression and severity of memory
impairment may indicate NCAM involvement in plastic
rearrangements of neural patterns associated with formation of
cognitive function. Taking into account the significant content
of NCAM in synaptic contact zones, it should be recognized
that NCAM is involved in the structural and molecular
rearrangements of synapses and in intensity changes of synaptic
transmission, modification of the synapses morphology.

Evolution of blood serum NCAM concentrations in patients
after STBI at the follow-up points in clinical groups is shown
in Figure 4.

The detected shifts in blood serum GFAP content was
characterized by the sharp increase in the level of the marker
of astrocytic cells which perform trophic functions in relation
to neurons in patients with post-traumatic moderate cognitive
disorders with MND of a polyfunctional type both with and
without memory impairments. The high level of this indicator has
been observed within 6 months after the injury and significantly
increases at all follow-up points. This may indicate the intensive
processes of plastic restructuring of synaptic connections as
early as 6 months after a severe brain injury. The increase in
GFAP expression at further follow-up points is consistent with
the current data that astroglial cells are closely associated with
synaptic structures of neurons and have receptors responding to
neurotransmitter stimulation.

Besides, the increased level of blood serum GFAP confirms
the concept that astrocytes having this protein as a structural
component, are among the cellular elements of the blood-brain
barrier thereby participating in dysregulation of its permeability,
starting from the very early stages of the disease.

Thus, the use of neural proteins (NCAM and GFAP) to clarify
the structural and functional characteristics of the brain which
lead to development of cognitive impairment in patients with
severe traumatic brain injury, can present diagnostic "markers"
of damage and "indicators" of neurocognitive disorders both for
primary dysmnestic and for neurodynamic-dysregulatory types
of neurocognitive disorders.
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