UDC 616-06:616.9-092.9

ISSN 1993-6842 (on-line); ISSN 0233-7657 (print)
Biopolymers and Cell. 2017. Vol. 33. N 6. P 415423
doi: http://dx.doi.org/10.7124/bc.000965

GFAP as a marker of reactive astrocytes in the mice brain following
hemorrhagic stroke and HSV-I

A. V. Gumenyuk!, S. L. Rybalko?, S. I. Savosko!, M. M. Guzyk?,
A. O. Tykhomyrov3, A. A. Ryzha?, Yu. B. Chaikovsky!

I Bogomolets National Medical University
13, Shevchenko Blvd., Kyiv, Ukraine, 01601
2 Gromashevsky L. V. Institute of Epidemiology and Infection Diseases, NAMS of Ukraine
5, Amosova Str., Kyiv, Ukraine, 03038
3 Palladin Institute of Biochemistry, NAS of Ukraine
9, Leontovycha Str., Kyiv, Ukraine, 01601
4Educational and Scientific Center "Institute of Biology and medicine", Taras Shevchenko National University of Kyiv
64/13, Volodymyrska Str., Kyiv, Ukraine, 01601
yuri.chaikovsky@nmu.ua

Introduction

Aim. To investigate reactive changes of GFAP-positive astrocytes as a marker of brain response
following hemorrhagic stroke and HSV-1. Methods. The experiments were performed on 110
Balb/c mice weighing 18-20 g. The animals were infected with HSV type I, on 30 day hem-
orrhagic stroke was simulated and changes in astrocytes were determined by immunohisto-
chemistry. Gliosis was confirmed by changes in density and arborization of GFAP-positive
astrocytes. Results. The results of immunohistochemical studies confirmed increased density
of GFAP-positive astrocytes in the hippocampus of mice infected with HSV type I as well as
the sharp increase in the density and hypertrophy of GFAP-positive astrocytes following stroke
simulation in infected animals. Conclusions. The experiment has provided new evidence about
the location and level of astrocytic gliosis following a stroke and herpes infection. GFAP can
be studied as a marker of HSV type I reactivation against stroke.
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as trophic, formation of the blood-brain bar-
rier and neurotransmitters metabolism. The

Glial fibrillary acidic protein (GFAP) is a basic  GFAP expression in the intact astrocytes takes
intermediate filament of astrocytes [1]. In the place constantly. In addition GFAP-knockout
intact brain astrocytes carry out such functions mice usually suffer for multiple degenerative
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processes, for example, abnormal myelination
of the brain’s white matter and violation of the
blood-brain barrier [2].

As a consequences of brain damage the
astrocytes hypertrophy, increase in appendages
length, raise of GFAP expression and density
of GFAP-positive cells occur into the lesion
site. These morphological and biochemical
changes were called an astrocytic gliosis, or
astrogliosis [3]. The astrogliosis manifests
through the glial scars formation which results
in separation the affected area from the intact
brain tissue. Although the astrocytic gliosis is
considered as structural manifestation of nerve
system pathological changes there are conclu-
sive evidence that gliosis is typical protective
reaction of the central nerve system which
forms against the different types of damage.
The astrocytes restrict the foci of inflammation
and necrosis, recover the blood-brain barrier
and synthesize the cytokines [4]. The last re-
search indicated that astrocytes take part in the
implementation of proinflammatory immune
reactions as well as in the anti-inflammatory
protective function. All the changes develop as
proliferation and migration of astrocytes while
on the cytology level as raise of GFAP expres-
sion and increase in appendages length of
GFAP-positive astrocytes. Pay attention to the
changes of GFAP expression we can forecast
the nature of brain structural changes. In this
case the decrease of GRFAP-positive cells
should be the manifestation of necrosis or
apoptosis of gliocytes while the increase of
GFAP-positive cells shows the reactive chan-
ges, regeneration or metabolic restructuring [5].

Exploring the reactive changes in the brain
by GFAP expression allows us to learn the
patterns of brain injury and recovery. One of
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the current interest is a study of the cerebro-
vascular accident and inflammation because
the stroke isn’t limited by the ischemic brain
damage but can be described with development
of inflammation and neurodegeneration [6, 7].
During a long time neurodegenerative changes
were examined as focal or diffuse neuronal
death. Nowadays we don’t divide the neural
and glial pathology but evaluate it as a sys-
temic histopathological process [8].

In the previous study we have reported the
dependence of neurodegeneration in mice’s
brains on human simplex virus (HSV-1) reac-
tivation after stroke modeling. In the hippo-
campus of infected animals the number of dead
neurons correlated with the quantitative indica-
tors HSV-1 in the brain samples in vitro (PCR,
IFA, cell culture Vero). Nevertheless the astro-
cytes role and methods of reactive changes
determining didn’t investigate. In this work we
have determined the gliosis by GFAP-positive
astrocytes level in the brain of HSV-1-infected
mice.

The goal of our work was to investigate the
GFAP-positive astrocytes changes as the man-
ifestation of their reactive changes in response
to brain damage with hemorrhagic stroke and
HSV-1-infection.

Table 1. Groups of animals

Group Quantity

Group 1 — HSV-1 infected mice 15
Group 2 — mice with hemorrhagic stroke 15
Group 3 — HSV-1 infected mice with 40
hemorrhagic stroke

Control group 1 — intact mice 10
Control group 2 — control to the group 1 10
Control group 3 — control to the group 2 10
Control group 4 — control to the group 3 10
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Materials and Methods

The experiments were held on the 110 white
mice Balb/c with a weight of 18-20 gm. All
animals were divided into 7 groups (Table 1).

The technique of infecting (group 1) was
based on the epidural 0,03 ml of virus-contai-
ning material (LDs,) injection into the orphan
site. We used the lyophilized HSV-1 (strain
VC). This model renders a meningoencepha-
litis in 100 %. The symptoms of infectious
process are usually noted on the 5t—6t day,
peak on the 13th—14th day, after that decrease

4 E 2 1

and animals recover. As a result the HSV-1
infection turns to the latent form.

The intracerebral hemorrhage (ICH)
(group 2) was accomplished by 0,15-0,2 ml
of autoblood injection into the brain’s right
hemisphere (L = 1,5; H=3,0; AP =—-1,0 mm
from Bregma) (Fig. 1). The manipulation was
run due to the stereotactic atlas [11]. According
to this model the ICH and neurological disor-
ders formed in animals. The hemorrhage local-
ized in the capsula interna, CI. On the day 30
after HSV-infection animals from group 3
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Fig. 1. There is a scheme of the autoblood injection into the mouse brain. The right capsula interna site is pointed.
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(weakness, sedentary, decrease in appetite)
were modeled the ICH.

The control animals were divided into
4 groups for 10 mice. Control group 1 was the
intact animals. Control group 2 was the ani-
mals injected with the 0,03 ml of saline into
the orphan site. Control group 3 was the mice
operated with a needle into the brain’s right
hemisphere (L = 1,5; H=3,0; AP =—-1,0 mm
from Bregma) without autoblood injection.
Control group 4 was the mice injected with the
0,03 ml of saline into the orphan site and then
operated with a needle into the brain’s right
hemisphere (L = 1,5; H=3,0; AP =-1,0 mm
from Bregma) without autoblood injection on
the day 30 after HSV-infection.

The animals were removed from the ex-
periment on the day 40 in the group 1 and on
the day 10 after stroke modeling. For immu-
nohistochemical analysis the mice’ brains were
fixed in the paraformaldehyde solution, washed
with the saline, conducted in the ethyl alcohol
increasing concentrations and perfused in the
Leica Surgipath Paraplast Regular. The frontal
6 microns thick sections were gotten using a
Thermo Microm HM 360 microtome.

These sections were deparafinized in the
xylene and ethyl alcohol increasing concentra-
tions, air-dried and washed with the buffered
saline (PBS). Then the sections were blocked
into the 3 % bovine serum albumin solution
(BSA) in the PBS with 0,05 % Triton X-100
(PBST) during 60 minutes at room tempera-
ture. After that the sections were incubated
with the antibodies against GFAP (rabbit anti-
GFAP antibodies, sc-9065, Santa Cruz Bio-
technology, USA) in the 1:200 dilution in
PBST during 18 hours at +4 °C. Anti-GFAP
antibody was a kind gift of Prof. V.S.

418

Nedzvetsky (Dnipro National University,
Ukraine). The sections were subsequently
washed for 3 times and then incubated with
the secondary antibodies conjugated with a
fluorescein isothiocyanate (FITC) in the 1:500
dilution in PBST during 60 minutes at room
temperature. In order to visualize the cells’
nuclei the sections were washed again and
treated with a Hoechst-33342 fluorescent dye
(1 mcg/ml). The results of the immunofluores-
cent staining were gotten with a Carl Zeiss
LSM 510 microscope (Carl Zeiss, Germany)
and processed in the Zeiss ZEN software. In
addition we have used the toluidine blue stain-
ing to identify the cells composition and the
inflammation and neurodegeneration foci in
the all brains samples.

For the quantitative assessment of the GFAP-
positive astrocytes changes we have carried out
a morphometric examination. The number of
astrocytes in the 0,25 mm of the test area and
cells perimeter were measured. The perimeter
was determined using the contours of the visible
GFAP-positive binding profile (body and ap-
pendages of the astrocytes).

All the experimental procedures comply
with the international ethical standards such
as “Regulations on the animal use of in re-
search biomedical research”, “European
Convention for the protection of vertebrate
animals used for experimental and other sci-
entific purposes”, “Guide for the Care and Use
of Laboratory Animals” and the standards of
Commission on bioethics of Bogomolets
National Medical University.

Results and Discussion

The results of mice’ brains immunohistochem-
ical analysis detected a significant increase of
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specific antibodies to GFAP binding in the
HSV-infected animals. In the hemorrhagic
stroke and virus infection conditions a synthe-
sis level was more expressed (Fig. 2).

It should be noted that we have not disco-
vered the significant difference between the
astrocytes staining intensity of control groups.
In the groups 1-4 the specific immunostaining
was found only round the nuclei while in the
pathology conditions the dense GFAP-positive
binding was found in the cells’ bodies as well
as in the numerous appendages what indicated
the astrocytes hypertrophy. We often marked
the specific antibodies to GFAP binding around
the microvessels as the astrocytes appendages
located around the hemocapillaries. These find-
ings make us sure about reactive gliosis man-
ifestation in the infection condition.

The topography and glial reaction analysis
showed the dominant development of local
astrogliosis in the perifocal zone (CA1 and CA3
hippocampus sites) or diffuse gliosis in all hip-
pocampus sites, corpus callosum and deep lay-
ers of ipsilateral hemisphere neocortex.

The progressive gliosis was detected
through the quantitative density of GFAP-
positive astrocytes determination in the ipsi-
lateral cerebral cortex and CA1 hippocampus
site (Fig 3, 4). We have not discovered the
statistically significant difference between the
astrocytes quantitative indicators in the control
groups. Therefore we used data from the intact
mice to make the figures and data from all
control groups of animals for comparison. The
significant density increase of astrocytes in the
CA1 hippocampus site was found in the

Fig. 2. The immunohistochemical
analysis of mice’ brains frontal sec-
tions in the hemorrhagic stroke,
HSV-1 and hemorrhagic stroke with
HSV-infection conditions. Specific
antibodies to GFAP binding; the nu-
clei colored with Hoechst-33342
fluorescent dye, confocal microsco-
py. I — CA1 hippocampus site of the
intact mice; 2 — CA1 hippocampus
site of the mice with hemorrhagic
stroke; 3 — CA1 hippocampus site of
the HSV-infected mice; 4 — CA1 hip-
pocampus site of the HSV-infected
mice with hemorrhagic stroke.
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Fig. 4. There is GFAP-positive astrocytes density in the
CA1 hippocampus site of ipsilateral hemisphere. Note:
* — significantly compared to the control (p<0,05); # —
significantly compared to the group 1 (p<0,05); * — sig-
nificantly compared to the group 2 (p<0,05).

Control

group 3. This index after stroke modeling sta-
tistically significant rose approximately
2,8 times.

There are results of the morphometric anal-
ysis on the Fig. 5 and 6 which show the sta-
tistically significant increase of GFAP-positive
astrocytes perimeter (with the appendages
considered) in the HSV-infected animals
(groups 1, 3)

The variability of astrogliosis development
may be connected with the infectious process
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Fig. 5. There is GFAP-positive astrocytes perimeter in
the cortex. Note: * — significantly compared to the con-

trol (p < 0,05); # — significantly compared to the group 1
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Fig. 6. There is GFAP-positive astrocytes perimeter in
the CAl hippocampus site of ipsilateral hemisphere.
Note: * —significantly compared to the control (p < 0,05);
# — significantly compared to the group 1 (p < 0,05); ~ —
significantly compared to the group 2 (p < 0,05).
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level and brain ischemia size. But a brain ede-
ma as the main histostructural agent of brain
damage progresses into the hemorrhage site as
well as into the contralateral hemisphere. This
process mainly occurs through the corpus cal-
losum. However the astrocytes reactive chan-
ges were only discovered in the brain’s ipsi-
lateral hemisphere what represents the astro-
cytes answer to the herpetic neuroinfection.
As we know, GFAP is a specific protein of
astrocytes’ intermediate filaments. This protein
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provides the structure and sturdiness of intact
astrocytes’ cytoskeleton but in the brain injury
condition the GFAP expression can increase
abruptly. This index can vary dramatically in
some pathological conditions, for example,
cerebral trauma [12], stroke [13], Alzheimer’s
disease [14] and Parkinson’s disease [15]. The
synthesis of GFAP is activated by numerous
growth factors such as ciliary neurotrophic
factor (CNTF) [16], fibroblast growth factor
(FGF), transforming growth factor  (TGF-B)
[17] and interleukins [18].

The relationship between astrocytes reactions
and neuroinfection was performed only in a few
studies. Nowadays we have not any data or
methodical approaches (cytological, histologi-
cal) for primary herpetic infection localization
detection in the CNS. It is considered that the
latent infection localizes into the ganglions’
neurons but at the same time the virus was
detected in the brain’s stem [19]. The cortex
damage was discovered after virus injection into
the facial nerve [20]. In these studies the neu-
rons apoptosis is examined as the main path of
neurodegeneration in HSV-infection condition.
Nevertheless, the vascular and glial factors are
focused on too. In particular the astrocytes and
macrophages activation into the brain in her-
petic encephalitis condition and gliosis develop-
ment were showed through the immunocyto-
chemical method [21].

In our study an increase in the number of
GFAP-positive astrocytes appendages around
the blood vessels may be determined by mi-
crovessels participation in the inflammatory
process. We can assume that the astrocytes take
part in the blood-brain barrier recover as well
as in the intercellular interaction with immu-
nocompetent cells.

In this way the data we have received through
our investigation point out the role of the GFAP-
positive astrocytes in the herpetic infection
development and reactivation after stroke. The
further research about the glial cells participa-
tion in the neurodegeneration process is impor-
tant in order to understand the general character
of brain damage development.

Conclusions

In the HSV-1-infection condition the increase
of GFAP-positive astrocytes takes place (into
the hippocampus mainly) as well as after
stroke modeling but the last one is also char-
acterized by increased GFAP expression. The
perifocal localization of astrocytic gliosis ex-
plains the brain structural changes after stroke
and virus reactivation. GFAP is considered to
be a marker for HSV-reactivation in the stroke
condition.
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GFAP sik noka3HMK PeaKTHBHUX 3MiH aCTPOLMTIB y
MO3KY MHIIei 3 reMopariyHuM incyssTom Ta BIIT-I

A. B. I'ymentoxk, C. JI. Pubanko, C. 1. CaBochko,

M.
IO.

M. T'y3uk, A. O. Tuxomupos, A. O. Puxa,
b. YaiikoBcbKuit

Mera. Jocnimutu 3mian GFAP-03UTHBHUX acTPOITUTIB
SIK TIPOSIB iX pEAaKTUBHUX 3MiH y BiIOBI/Ib Ha TIOIIKOIKEH-
HsI MO3KY ITIpH reMopariqnomy iHcyisri Ta BIIT-I. MeTonu.
[TpoBeneno exciepumenty Ha 110 6immx mumrax Balb/c
macoro 18-20 1. Teapun indikysamu BIIT-I, Ha 30 oGy
MOJICJTIOBAJIM TeMOpAriuHUi 1HCYJIBT 1 BU3HAYAIM 3MiHH
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aCTPOIMTIB METOIOM iMyHOTricTOXiMil. 1103 BU3HAYAIH
3a MIUTBHICTIO Ta apOopwu3ariiero BigpocTtkiB GFAP-
MO3UTHBHUX acTpouuTiB. PesynsraTn. Pesynsratn imy-
HOTICTOXIMIYHOTO JOCIIIKEHHS 3aCB1IUMIIN 301IbIIIEHHS
mrineHOCTI GFAP-NIO3UTHBHMX BiPOCTKIB aCTPOLIUTIB y
rinokamiry muiel indikoannx BIII-I, a micist monernto-
BaHHsI IHCYJIBTY Y iH()IKOBAaHWX TBAPUH Pi3Ke 30UTHIIICHHS
mrieHOCTI 1 TinepTpodiro GFAP-O3UTHBHIX acTPOITUTIB.
BucnoBku. B ekcrieprMeHTI OTpUMaHO HOBI JlaHi 1010
JIOKaJIi3allii Ta piBHSA aCTPOLUTAPHOTO TITi03Y MIPH 1HCYITb-
Ti Ta repnieTruHii iHdekii. GFAP MoykHa po3misiiaTa K
Mapkep peakruarii BI1I™-1 Ha 111 iHCY/IBTY.

Kawuosi caosa: GFAP, acrporry, BIIT -1, iHCYyI6T

GFAP kak noka3zarejib peaKTUBHbIX U3MeHEHH
acTPOLUMTOB B MO3re MbIlIeil ¢ reMopparuyeckum
uHcyabToM u BIIT-1I

A. B. I'ymenrok, C. JI. Peibanko, C. 1. CaBockko,
M. M. I'y3uk, A. A. Tuxomupos, A. A. Peokas,
10. b. YaiikoBckuit

Heab. uccnenoBars n3meHenuss GFAP-no3utuBHBIX
ACTPOLIMTOB KaK MPOSIBIICHUE UX PEAKTUBHBIX N3MCHEHHIA

B OTBET Ha IMOBPESKICHUE MO3Ta IPH reMOPParHIecKoM
nHcynbre ¥ BIIT-1. Metoabl. ITpoBeneHbl 3KkCIIepUMEHThI
Ha 110 6empix Mbimax Balb/c maccoit 18—20 1. JKuBoTHBIX
nHpurmposam BIIT-1, #a 30 cyTku MomeImpoBaIn Te-
MOPParnIeCcKuii HHCYIBT U OTIPEACISUIN U3MEHEHHS acTpo-
LIUTOB METOJIOM UMMYHOTHCTOXUMHH. [ TTHO3 onpenensiu
10 IUIOTHOCTH W apOopu3aruu oTpocTtkoB GFAP-
[IO3UTUBHBIX acTpoLUTOB. Pe3ybrarel. Pe3ynbrars! M-
MYHOTUCTOXUMHUYECKOTO HCCIIEA0BAHNUS [TOKA3aIM YBEIU-
yeHue m1oTHoCTH GFAP-03UTHBHBIX OTPOCTKOB acTpo-
[IMTOB B THUITIIOKaMIIe MbIie nHpuIrpoBanabix BIIT -1,
a IrmocJie MOJICITMPOBAHUS MHCYIIBTA Y MH(PUIMPOBAHHBIX
JKUBOTHBIX PE3KOC YBEIMUCHHUE TUIOTHOCTH U THIIEPTPO-
¢uro GFAP-1To3uTHBHBIX acTporuToB. BhIBOABI. B 9KC-
MIEPUMEHTE MOJTyYEeHbI HOBBIE JAHHBIE 110 JIOKAIN3AIH 1
YPOBHIO acTPOIMTAPHOTO TIM03a IIPH WHCYIBTE U TepIie-
trueckor uHdpekmu. GFAP MoxHO paccMarpuBaTh Kak
Mmapkep peakrusaiu BIIT-1 Ha ¢one nHcynbra.

KawueBsbie caoBa: GFAP, actpouutsi, BIIT -1, nn-
CyJBT
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