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Basic Sciences

Critical Roles of Macrophages in the Formation of
Intracranial Aneurysm

Yasuhisa Kanematsu, MD, PhD; Miyuki Kanematsu, MD; Chie Kurihara, BS;
Yoshiteru Tada, MD, PhD; Tsung-Ling Tsou, BS; Nico van Rooijen, PhD; Michael T. Lawton, MD;
William L. Young, MD; Elena I. Liang, BS; Yoshitsugu Nuki, MD, PhD; Tomoki Hashimoto, MD

Background and Purpose—Abnormal vascular remodeling triggered by hemodynamic stresses and inflammation is
believed to be a key process in the pathophysiology of intracranial aneurysms. Numerous studies have shown infiltration
of inflammatory cells, especially macrophages, into intracranial aneurysmal walls in humans. Using a mouse model of
intracranial aneurysms, we tested whether macrophages play critical roles in the formation of intracranial aneurysms.

Methods—Intracranial aneurysms were induced in adult male mice using a combination of a single injection of elastase
into the cerebrospinal fluid and angiotensin II-induced hypertension. Aneurysm formation was assessed 3 weeks later.
Roles of macrophages were assessed using clodronate liposome-induced macrophage depletion. In addition, the
incidence of aneurysms was assessed in mice lacking monocyte chemotactic protein-1 (CCL2) and mice lacking matrix

metalloproteinase-12 (macrophage elastase).

Results—Intracranial aneurysms in this model showed leukocyte infiltration into the aneurysmal wall, the majority of the
leukocytes being macrophages. Mice with macrophage depletion had a significantly reduced incidence of aneurysms
compared with control mice (1 of 10 versus 6 of 10; P<<0.05). Similarly, there was a reduced incidence of aneurysms
in mice lacking monocyte chemotactic protein-1 compared with the incidence of aneurysms in wild-type mice (2 of 10
versus 14 of 20, P<<0.05). There was no difference in the incidence of aneurysms between mice lacking matrix

metalloproteinase-12 and wild-type mice.

Conclusions—These data suggest critical roles of macrophages and proper macrophage functions in the formation of
intracranial aneurysms in this model. (Stroke. 2011;42:173-178.)

Key Words: animal model m inflammation m intracranial aneurysm m macrophage m stroke

Potential roles of inflammation in the pathophysiology of
intracranial aneurysms— both ruptured and unruptured—
have been suggested by observational and genetic studies.'~¢
Macrophage infiltration has been well documented in both
ruptured and unruptured intracranial aneurysms in hu-
mans.>>7 A higher degree of inflammation in aneurysms
seems to be associated with aneurysmal wall destruction and
rupture.>?

We have recently showed that macrophages and macro-
phage-derived cytokines are critical for hemodynamically
induced outward vascular remodeling.®® Vascular remodel-
ing coupled with inflammation is considered a key part in the
pathophysiology of intracranial aneurysms.*'° Sustained vas-
cular remodeling may lead to aneurysmal growth and rup-
ture.!! By mediating inflammation and hemodynamically
induced vascular remodeling, macrophages may play critical

roles in the development, growth, and rupture of intracranial
aneurysms.

In this study, we examined whether macrophages are
critical for the formation of intracranial aneurysms using a
mouse model of intracranial aneurysms that replicates key
features of human intracranial aneurysms. First, we assessed
the effects of macrophage depletion by clodronate liposome
on the formation of aneurysms. Second, aneurysm formation
was assessed in mice lacking monocyte chemotactic protein-1
(MCP-1, CCL2). MCP-1 is a chemotactic factor that is
critical for proper macrophage functions. MCP-1 knockout
mice have reduced macrophage/monocyte counts and im-
paired macrophage functions. Therefore, they have been used
as a genetic equivalent of mice with pharmacological deple-
tion of macrophages and monocytes in various physiological
and pathological settings.!>!3
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Materials and Methods

Experiments were conducted in accordance with the guidelines
approved by the University of California, San Francisco, Institutional
Animal Care and Use Committee.

We used the elastase-induced intracranial aneurysms in 8- to
9-week-old hypertensive mice as previously described.!' In this
model, two well-known clinical factors associated with human
intracranial aneurysms—hypertension and the disruption of elastic
lamina—were combined to induce intracranial aneurysm formation
in mice. We performed a single stereotaxic injection of elastase into
the cerebrospinal fluid at the right basal cistern. A volume of 2.5 uLL
elastase solution (17 mU) was injected at a rate of 0.2 uL/min
(Ultramicropump; World Precision Instruments). Hypertension was
induced by a continuous subcutaneous infusion of angiotensin II at
1000 ng/kg/min for 3 weeks through an implanted osmotic pump
(Alzet pump; Durect).!!-14

Systolic blood pressure was measured in mice before treatment, 1
week after elastase injection, and 2 weeks after elastase injection
using the tail cuff method. After 3 weeks, we euthanized the mice
and perfused the animals with bromophenol blue dye. Two blinded
observers assessed the formation of intracranial aneurysms by examin-
ing the circle of Willis and its major branches under a dissecting
microscope (10X). Intracranial aneurysms were operationally defined as
a localized outward bulging of the vascular wall in the circle of Willis
or in its major primary branches, as previously described.'®!! After
inspecting the circle of Willis, the whole brain samples were frozen for
immunohistochemical staining.

Macrophage Depletion

Macrophage depletion was achieved by an intravenous injection of
liposome-encapsulated dichloromethylene diphosphonate (clodr-
onate liposome).'> We used 8- to 9-week-old male C57BL/6J mice
(n=10 in each group). Clodronate was a gift from Roche Diagnostics
GmbH (Mannheim, Germany). Animals received clodronate lipo-
some intravenously 2 days before elastase and angiotensin II
treatment. This regimen was reported to cause a reduction of
macrophages to <10% of the baseline count.®!® Animals in the
control group received the same volume of phosphate-buffered
saline-containing liposome (PBS liposome). We assessed the effi-
ciency of macrophage depletion by examining macrophages in the
spleen using immunohistochemistry, as previously described.”1¢

Incidence of Aneurysms in MCP-1 Knockout Mice
and Matrix Metalloproteinase-12 Knockout Mice

In addition, the incidence of aneurysms was assessed in MCP-1
knockout mice and matrix metalloproteinase-12 (MMP-12) knock-

Figure 1. Representative intracranial aneurysms in
hypertensive mice that received a single injection
of elastase into the cerebrospinal fluid. Arrows
indicate aneurysms. Large aneurysm formation
was found along the circle of Willis and its major
branches (A-D). Dissection of aneurysms revealed
the saccular shape of the aneurysms (A-B). Some
of the mice had multiple aneurysms (D).

Bar=1 mm. ACA indicates anterior cerebral artery;
MCA, middle cerebral artery; PCA, posterior cere-
bral artery; ICA, internal carotid artery.

out mice (n=10). Wild-type mice with the same background (both
C57BL/6J) were used as control mice (n=20).

Immunohistochemical Analysis
Details of immunohistochemical analysis are described in the Sup-
plemental Data (available at http://stroke.ahajournals.org).

Statistical Analysis

All results were expressed as mean*SD. Differences between
multiple groups were analyzed by 1-way analysis of variance
followed by the Tukey-Kramer post hoc test. Fisher exact test was
used to analyze the incidence of aneurysms. Statistical significance
was taken at P<<0.05.

Results

Presence of Macrophages in Experimental
Intracranial Aneurysm

Figure 1 shows representative intracranial aneurysms in
hypertensive mice that received a single injection of elastase
into the cerebrospinal fluid. Large saccular aneurysm forma-
tion was found along the circle of Willis or its major
branches, which is consistent with our previous study (Figure
1A-D).!"" Most aneurysms were >250 wm in diameter,
approximately 2 to 5 times larger than their parent arteries, as
we previously reported (Figure 1A-D). Some mice had
multiple aneurysms (Figure 1D).

A cerebral artery from the sham operation group revealed
an endothelial cell lining with a thin layer of smooth muscle
cells, as previously described (Figure 2A)."' In contrast,
intracranial aneurysms had a partially thickened vascular wall
with inflammatory cell infiltration (Figure 2B). Endothelial
cell layers seemed to be generally intact, but smooth muscle
cell layers had thickened in the area with intense inflamma-
tory cell infiltration.

Pan-leukocyte staining using anti-CD45 antibody and mac-
rophage staining using anti-CD68 antibody in the cerebral
artery from the sham operation group showed a lack of
inflammatory cells and macrophage infiltration (Figures 2C
and 2E). In intracranial aneurysms, numerous leukocytes
(CD45-positive cells) were detected in the adventitia and
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Figure 2. Hematoxylin and eosin, pan-
leukocyte, and macrophage staining. A,
Cerebral artery from a mouse in the sham
operation group showed an endothelial
cell lining with a thin layer of smooth
muscle cells. B, Intracranial aneurysms
had a partially thickened vascular wall
with inflammatory cell infiltration. Endo-

thelial cell layers seemed to be generally
intact, but smooth muscle cell layers had
thickened in the area with intense inflam-
matory cell infiltration. C, E, Cerebral
artery from a mouse in the sham opera-
tion group showed a lack of inflammatory
cells. D, G, Intracranial aneurysms had
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media of the aneurysmal wall (Figure 2D), especially in the
thickened part of aneurysmal wall, which is generally consistent
with observations in human intracranial aneurysms.>37 Macro-
phage staining showed macrophage infiltration into the an-
eurysmal wall with a distribution similar to that of leukocytes
(Figure 2F-G). Double staining with anti-CD68 and anti-
CD45 revealed that the majority of leukocytes in intracranial
aneurysms in this model were macrophages (Figure 2H).

Effects of Macrophage Depletion on Intracranial
Aneurysm Formation

Ten mice underwent macrophage depletion treatment with
clodronate liposome 2 days before the induction of intracra-
nial aneurysms, and another 10 mice received PBS liposome.
All 20 mice received a single stereotaxic injection of elastase
into the cerebrospinal fluid to disrupt the elastic lamina and a
continuous infusion of angiotensin II to induce hypertension.

numerous leukocytes. Distribution of
macrophages was similar to that of leuko-
cytes. F, Double staining with anti-CD68
and anti-CD45 revealed that a majority of
leukocytes in intracranial aneurysms in
this model were macrophages.

When we examined the mice 3 weeks after aneurysm
induction, mice that received macrophage depletion treatment
using clodronate liposome had a reduced incidence of intra-
cranial aneurysms compared with mice that received PBS
liposome (mice with intact macrophages; 1 of 10 versus 6 of
10; 10% versus 60%, P<0.05; Figure 3A), indicating a
critical role of macrophages in the formation of intracranial
aneurysms in this model.

Although there were abundant macrophages in the intra-
cranial aneurysms from a PBS liposome-treated mouse (Fig-
ure 3D-E), middle cerebral arteries from mice in either the
sham operation group (Figure 3B-C) or the macrophage
depletion group (Figure 3F-G) did not show macrophage
infiltration into the vascular wall.

Quantification of macrophages (n=5 in each group)
showed that the number of macrophages was higher in the

2y Figure 3. Macrophage depletion and

' [ intracranial aneurysm formation. A, Mice
L0\ with macrophage depletion treatment

! ) using clodronate liposome had a reduced

" e incidence of intracranial aneurysms com-

pared with mice that received PBS lipo-

E . some (P<0.05). B-G, Whereas there was

an abundant number of macrophages in
the intracranial aneurysms from PBS
liposome-treated mice, middle cerebral
arteries from mice in either the sham
operation group or the macrophage
depletion group did not show macro-
phage infiltration into the vascular wall. H,
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Figure 4. A, Macrophage staining of the spleen from mice that
received clodronate liposome. Brown area indicates the macro-
phage-positive area. B, Clodronate liposome treatment
decreased the CD68-positive area in the spleen by 88% from
baseline (P<0.05), showing effective macrophage/monocyte
reduction by the clodronate treatment. At 2 weeks, the CD68-
positive area returned to baseline. C, Successful induction of
hypertension by angiotensin Il.

mice treated with elastase, angiotensin II, and PBS liposome
compared with mice in the sham group or macrophage
depletion group (0.5%0.3 versus 11.1%3.3, P<<0.05; 0.5=0.3
versus 1.020.3, P<<0.05; Figure 3H).

Immunohistochemical staining for CD68-positive cells
(monocyte/macrophage) in the spleen (n=5 at each time
point) was used to assess the efficiency and time course of
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clodronate liposome treatment as previously described (Fig-
ure 4A-B).%1¢ Treatment with clodronate liposome decreased
the CD68-positive area in the spleen by 88% from the
baseline (28.8*+4.1 versus 3.2£1.0%, P<<0.05), showing an
effective macrophage/monocyte reduction by the clodronate
treatment. At 2 weeks, the CD68-positive area returned to
baseline (28.8+4.1 versus 23.1+£2.6%).

Angiotensin II treatment caused hypertension in both
groups. After 1 week and 2 weeks, systolic blood pressure
was higher than the baseline. Macrophage depletion treatment
did not affect systolic blood pressure (Figure 4C).

Reduced Incidence of Intracranial Aneurysm in
MCP-1 Knockout Mice

Because MCP-1 knockout mice have reduced monocyte/mac-
rophage counts and impaired macrophage functions,!” we
used MCP-1 knockout mice to further test the critical role of
macrophages in the formation of intracranial aneurysms.
Twenty wild-type mice and ten MCP-1 knockout mice
underwent intracranial aneurysm induction.

MCP-1 knockout mice had a lower incidence of aneurysms
compared with wild-type mice (2 of 10 versus 14 of 20; 20%
versus 70%, P<0.05; Figure 5A). Immunohistochemical
staining of cerebral arteries for macrophages showed a lack of
macrophage infiltration in MCP-1 knockout mice (Figure
5B). Quantification of macrophages in the middle cerebral
artery (n=5 in each group) showed reduced macrophage
infiltration to the middle cerebral artery in MCP-1 knockout
mice compared with macrophage infiltration in wild-type
mice (2.8%1.4 versus 10.9%0.8, P<<0.05; Figure 5E).

Macrophages produce MMPs that are critical for vascular
remodeling.®® Previously, we have shown there is high
activity of MMPs in intracranial aneurysms using this mod-
el.!' The MMP inhibitor, doxycycline, significantly reduced
the incidence of intracranial aneurysms.!! MMP-9 knockout
mice, but not MMP-2 knockout mice, had a reduced inci-
dence of intracranial aneurysms.'! Whereas MMP-9 is the
main gelatinase produced by macrophages, MMP-12 repre-
sents the major elastase from macrophages. MMP-12 could
be the proteinase responsible for facilitating structural
changes of elastic lamina, resulting in physiological and

D .

Figure 5. A, MCP-1 knockout mice had a
lower incidence of aneurysms compared
with wild-type mice (P<0.05). There was
no difference in the incidence of intracra-
nial aneurysms between MMP-12 knock-
out mice and wild-type mice. B-D,
Whereas macrophage infiltration was
observed in the cerebral arteries of wild-
type mice (B) and MMP-12 knockout
mice (D), cerebral arteries in MCP-1
knockout mice showed a lack of macro-
phage infiltration (C). F, Successful induc-
tion of hypertension by angiotensin .

MMP12-/-
m Day 14
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pathological vascular remodeling.'® Therefore, we investi-
gated the roles of MMP-12 in the formation of intracranial
aneurysms. However, there was no difference in the inci-
dence of intracranial aneurysms between MMP-12 knockout
mice and wild-type mice (50% versus 70%). Moreover,
immunohistochemical staining for macrophages (CD68-
positive cells) showed a similar number of macrophages that
accumulated in MMP-12 knockout mice compared with the
number of macrophages in wild-type mice (9.4%2.3 versus
10.9£0.8; Figure SE).

Continuous infusion of angiotensin II increased systolic
blood pressure from the baseline after 1 week and 2 weeks in
MCP-1 knockout mice and MMP-12 knockout mice. There
was no significant difference between wild-type mice and
MCP-1 or MMP-12 knockout mice at 1 week and 2 weeks
(Figure 5F).

Discussion

In this study, we have shown the critical roles of macrophages
in the formation of intracranial aneurysms in mice. We used
a recently developed intracranial aneurysm model in which
intracranial aneurysms were induced by a combination of
single stereotaxic injection of elastase into the cerebrospinal
fluid and pharmacologically induced hypertension in mice.
Intracranial aneurysms in this mouse model closely resemble
histological changes that are observed in human intracranial
aneurysms.'! Using this model, we first showed infiltration of
inflammatory cells, mostly macrophages, into the aneurysmal
wall. Second, mice with pharmacological depletion of mac-
rophages had a significantly reduced incidence of intracranial
aneurysms compared with mice with intact macrophages. In
addition, MCP-1 knockout mice, mice with reduced mono-
cyte/macrophage counts and impaired macrophage function,
had a significantly reduced incidence of intracranial aneu-
rysms compared with wild-type mice. These findings strongly
indicate that macrophages play critical roles in the formation
of intracranial aneurysms in this model, especially during the
early stages of aneurysmal formation and growth.

Intracranial aneurysms are commonly found in locations
where abnormal hemodynamic stresses are exerted on the
vascular wall.'” Abnormal hemodynamic stresses trigger an
inflammatory process by activating endothelial cells and
monocytes/macrophages. These cells secrete proteinases, in-
cluding MMPs and elastases.! MMPs can destabilize the
vascular wall directly by facilitating vascular remodeling by
digestion of the vascular matrix and indirectly by activating
and releasing of other proteinases and angiogenic factors.2°
We have previously shown critical roles of macrophages and
MMPs in adaptive vascular remodeling of large arteries.’
Intracranial aneurysms may represent a result of maladaptive
vascular remodeling in which inflammatory cells maintain
active and abnormal remodeling processes that lead to aneu-
rysm growth and rupture.!

Similar to our study, Aoki et al used MCP-1 knockout mice
in a different mouse intracranial aneurysm model in which
intracranial aneurysms were induced by a combination of 4
manipulations over 5 months: treatment with 3 aminopropi-
onitrile (irreversible lysyl oxidase inhibitor), unilateral ca-
rotid artery ligation, bilateral posterior renal artery ligation,

Macrophages and Intracranial Aneurysm 177

and high-salt drinking water.?! In their study, aneurysmal
changes, defined as disruption of elastic lamina with or
without the formation of aneurysms, were less frequent in
MCP-1 knockout mice compared with wild-type mice, which
is generally consistent with our data.?! In their study, there
was a weak trend for MCP-1 knockout mice to have a reduced
incidence of aneurysms compared with wild-type mice (10%
versus 20%), whereas our study showed a statistically signif-
icant reduction of the incidence of aneurysms in MCP-1
knockout mice compared with wild-type mice (20% versus
70%). Such difference between these two studies might be
due to a difference in severity of the phenotype between these
two models. Aneurysms induced by a single injection of
elastase into the cerebrospinal fluid in hypertensive mice tend
to be larger and macroscopically apparent.'! In contrast, the
mouse aneurysm model used by Aoki et al yielded smaller
aneurysms with more subtle histological changes.?!-22

Previously, potential roles of MMPs were shown in the
formation of intracranial aneurysms.%!'22 We have shown
that a broad-spectrum inhibitor of MMPs can suppress the
formation of intracranial aneurysms. Although MMP-2 was
not critical for the formation of intracranial aneurysms, mice
lacking MMP-9 had a reduced incidence of aneurysms.!!
Macrophage-derived MMP-9 may be playing critical roles in
the formation of intracranial aneurysms.?? In this study, we
assessed roles of another key MMP that is produced by
macrophages—MMP-12, a macrophage elastase. However, a
lack of MMP-12 did not affect the incidence of aneurysms.
Unlike MMP-9, MMP-12 may not play a significant role in
the formation of intracranial aneurysms. Because exogenous
elastase was used to induce aneurysms in our model, it may
be the case that the early processes that require endogenous
elastases such as MMP-12 may have been bypassed in this
model. Alternatively, roles of macrophages and MMPs may
be different between different stages—early and late stages—
of aneurysm formation and growth.

Clodronate liposome, the treatment we used to deplete
macrophages, may have unknown side effects. However,
in our experiments, the animals that received clodronate
liposome did not show any apparent signs of adverse
effects. In our previous study, we have shown that clodr-
onate liposome treatment did not have effects on other
leukocyte subpopulation, platelets, or red blood cells.® Our
methods to deplete macrophages did not completely de-
plete the target cell population. This may have resulted in
an incomplete suppression of aneurysm formation. Alter-
natively, other cell types may have had compensated for
the relative lack of macrophages.

In summary, data from this study strongly indicated critical
roles of macrophages in the formation of intracranial aneu-
rysms in mice. Macrophages and macrophage-derived cyto-
kines may be maintaining abnormal and active aneurysmal
wall remodeling that lead to aneurysmal growth and rupture.
Pharmacological therapy that modifies inflammation medi-
ated by macrophages may be studied for the prevention of
progression, growth, and rupture of intracranial aneurysms.
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Immunohistochemical analysis

Immunohistochemical staining was performed using rat monoclonal anti mouse
CD45 for pan-leukocytes and rat monoclonal anti mouse CD68 for macrophages
as previously described.’ Representative aneurysms from the wild-type mice
that received elastase and angiotensin-Il treatment and control middle cerebral
artery (immediately distal of the bifurcation from the internal carotid artery) from
the wild-type mice that received a stereotaxic injection of PBS and a continuous
infusion of PBS through osmotic pump were used to identify inflammatory cell

types that infiltrated into aneurysms.

For quantification of macrophages infiltration into cerebral arteries, an
additional five mice in each group (clodronate liposome, PBS liposome, MCP-1
knockout mice, MMP-12 knockout mice, and wild-type mice) were sacrificed one
week after aneurysm induction. One cross-sectional slice of the middle cerebral
artery, immediately distal of the bifurcation from the internal carotid artery, from
each mouse was used. Two blinded observers independently performed
quantitative analysis as previously described.” Macrophages were counted under
high magnification (400x) in a randomly selected area of each quadrant of the
cross-section of the middle cerebral artery. The arterial area per field was
measured by using ImagedJ software (National Institutes of Health). The number
of macrophages per area of 0.01 square millimeters was calculated using the
following formula: number of positive cells per field / arterial area per field.

Results from the two observers were averaged.
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AKCNEPHMEHTANBHO-TEOPETHYECKHE BONPOCKI

Stroke INTETETTIN

Pewawwan ponk makpodaroe B dopMHpoBaHHH AHEBPH3M

EHYTpH4YepeNHLIX COCY Q0B

HcTounre. Y. Kanematsu, M. Kanematsu, C. Kurihara, Y. Tada, T-L. Tsou, N. van Rooijen, M.T. Lawton, W.L.
Young, E.I. Liang, Y. Nuki, T. Hashimoto. Critical roles of macrophages in the formation of intracranial aneurysm.
Stroke 2011:42:1:173-178

[lononHHTENLHEE AAHHLIE AOCTYNHE Ha cadTe: hitp:/ /stroke ahajoumals.org/ cgi/ content/ full 'STROKEAHA 110 590876,DC1
Departments of Anesthesia and Perioperative Care, Neurology and Neurological Surgery, and the Center for Cerebrovascular Research,
University of California, San Francisco, Calif; the Departments of Neurosurgery and Thoracic. Endocrine Surgery and Oncology, Institute
of Health Biosciences, University of Tokushima, Tokushima, Japan; and the Department of Molecular Cell Biology, Vrije Universiteit,
Amsterdam, The Netherlands.

NpeAnockiNKA B {2k HCCRe]0BAHHA T HHHT BHOMATEH DT DEMOENHPIEEHHR COCYI0E REN RN CR MEW OHHIMIFHECHHE HONDVIHH, 5 M-
HEELM MPOLUECCOM B METOZHHONIHH BHEEDHIW BHYTDHSSDEM LI COCYAOB CHHTIAN BOCTANSHHE. PEIYNETITS MHOMTSHONSHHLEX HOCTEN0BSHHA
CEMNETANLITEYRT 06 HHGHNLTOALIHN CTEHUN GHEADHIW BH)TOHYELSTHEY COOMI08 “S1088HE BOCTAMHTENLHLMHE MNETHAMH, MOSHMHLSCTESHHD
W ANPOGArEMH. HOMONLIYA MO &1 b BHYTIH YEDETHEN BHERIHIW ¥ MEAER, M & MPISEHH, HITPAKT NH MAXDOHETH PEEOLTFID [T B SOpWHI0E3-
HHH BHEE[M M BHTDHSSPEM LY COCKO0E. METOLL ¥ AS00CIEN COMYOE MELIEA HHTRIMDOEENN [S3EHTHE SHEEOHIM BH)TDHYSDSTHIY COCYO0E
C O OREAD MOMEHHEUNH OOHDXPITHOND BOEEHHE B CIMAHOMO DE] RHINOCTL FGCTEIN H SETEPHANEHOA MHITSOTEHTHE, HHORIHDIasHHOR
BHIHOTSHIHHHOM Il COOPMHDOBIHHLE BHEBIHIW L OU SHHBEN YEPes I HENEW. POt MasPODarod HIPTanH C TOMIY KD oM Mo IVHHEDH DD
PWEHEWSHHA HX SHCND HE DOHE MDHWM SHEHNA THTOOOM © MNO0D0HETOW. KDOME TOND, (UEHHEANH YACTINY DAIEAHTHA BHESpHIM ¥ MERIEA © OTCYTCT-
BHEN BSNHE XOMOTEHCHES MONOUHTOE-1 (CCL2) W ¥ MBWER © OTCYTCTEHEM MITIHHDHOR METRNGTPOTSHHES0 17 (WaspOfaran ol anacmazw).
PEIY ILTATHL. [ HI3PSHHH SHEE0HEM BHYTDHYS0EH LN COCYO08 HE MG ENH BLREHNH HAWHHE NETEOUNT 30HOR HHEMNLTDAUHE B CTEHEIX aHed-
[HIM, MDEHVMLECTEENND 35 CHET MANPOZEroE. ¥ MELISH, HOTODLW MOOBENH SAOMEHDNOFHYECH 08 YMEH EWBHHE WIENS MANPOSarie, Yamms
DA3EHTHA SHESM3M LN 3HIWTENEHO HIKE, YEM ¥ MELER HOHTDONEHOR Ny (1 M2 10 nporHa 6 H3 100 p<0,05L. KpoMe Targ, ¥ MBLes
C OTCYTCT BHEM GENHE XEMOTIHCHCD MOHOUNTDE- 1 YSCTOTE PSSENTHR SHEROHIM TAHWE GLIE HHKE M0 QUABHEHHID C YECTOTOR PaIanTHA BHEBDHM
¥ MBLIEA QHHOND THTS (2 13 10 vs 14 Wz 20, p<0,05]. MEsTy rpWTTosH MuWER C OFCyTOTBH EM MOTIHHCHOR METANNOMpOTEHHAIE- 1.2 H WELIGMH
AHMONG THTA PEEHHUE B S30T07E DAJaHTHRA BHEROHIM HE SeN0. JAKMIEHNE. TOmy YEHHIE JaHHLE CEHETENLITHY IO O DELIGAER DONH MK D0
(@B H CEOICTEEHH LI MM DO EM SHMMUHA B GODMHDDEIHHH aHEEDHTM BTSS0S WK COCYN08 Ha MOJENH.

HAYeBLIE CAOBE: MOOENL HE MHBDTHLN [animal modae!). socransiie dnfammatian), aHyTDHYEDaTHER BHEBIM3MA (ntracranial anewrysm),

MaNpOPar (MAcrophage), HHCY LT (Strokep

B 00cepBallMOHHLIX M TEHETHUECKHX MCCIE10BAHH-
AX OLUIO BRICKAIAHO NPEANOIoEeHHE O MOTEHUHATEHOR
[OMH BOCTIANEHHA B QOPMHPOBIHHE AHZBPHIM BHYTPH-
YEPLMHEX COCYAOE — K3k PAJOPBABRIIHNCH, TAK H Hepa-
opeagmmxca [1-6]. Makpodaraisuas wHpHALTPI-
UHA B PAIOPEABIIHXCA M HEPAZODBABIIHXCH AHSBPHIMAX
y mioaed Ouna yOEIHTENLHO NOATEERAASHA JOKYMEeH-
TATLHEIMH J0KazaTenecTRaMy [2, 3, 7). BHpa®eHHOCTE
BOCTIAEHHA B AHEBPHIMAX, 0 BCEH REPOATHOCTH, CRA-
JAHA © PaIpYUIEHHEM H PAIPHIBOM CTEHKH aHEBPHIME
[3, 7).

HenarHo HaM yI400CE MPOIeMOHCTPHPOBATE PELan-
IV POslE MAKPODAroR B BELIETAEMEX HMH LUHTOKHHOR
B reMOAHHAMHYECKH- HHOYUHPOBAHHOM DeMOJETHPO-
BAHHH cocyaucTol crenkH [8, 9]. [To Boell RHAMMOCTH,
PEMONENHPORAHKE COCYAOR B COUETAHMH C BOCITANEHH-
M HIPEET KINMERYID POUL B MATHPHIAONOIHH AHER-
PHIM BHYTpHUEpenHuX cocynop [4, 10]. Henpepuproe
PEMOIENHPOBIHHE COCYIO0R MOXET NPHEECTH K POCTY
AHenpHIME W ee pazpupy [1, 11]. IyTreMm onocpeno-
BAHHOIS YYacTHA B BOCTANZHHH H MEMOIHHAMHYECKH-
HHAYUHPORBAHHOM PEMOASTHPOBAHHH COCYI0B MAKPO-
frard MOTYT HIPaTh BAKHE ALY POAL B PAIBHTHH, POCTE
H PAIPHBE BHYTPHUSDENHEY AHERPHIM,

© Ametican Hean Assoctadon, Inc., 2011

AQpac i HOpPECTIoHEEHLMA: Tomokl Hashimata, MO, Dapammeant of
Aneshesla and Petoperacve Cana, Unkersity of Califomia, San Francisco,
1004 Poarern Avenue, No. 3C-38, San Francisco, CA 94110

E-maill: hashimotr@anestnesla ucstedu

B maMHoR patore MLl HIVYATH NPeInoiaraeMos pela-
II2E IHAYEHHE MAKPOaros B GOPMHPORAHAH AHSBPHIM
EHYTPHUEPEITHEX COCYI0R ¢ MOMOMILI JKCTIEPHMEHTLNL-
HOH MOA2AH Ha MEINEX, B KOTOPOH BOCTIPOH 3BETH OCHOR-
HHE OCODEHHOCTH AHEBPHIM BHYTPHUEPEIHHX COCYIOR
¥y e, Bo-nepauy, Mul OUEHHAH RIHAHHE dapMako-
MOTHYECKOTD CHICESHHA YHCNE Makpodaroe ¢ noMouLm
JNHNOCOM © KIGIPOHATOM Ha (QOPMHPOBAHHE AHEBPHIM.
Bo- BTOPEIX, CUSHWIH HOPMHPORIHNE AHEBPHIM Y MEITIEH
C OTCYTCTRHEM 021K XEMOTAKCHCA MOHOUHTOR- | (MCP-1,
CCL2). MCP-1 annsercs GakTopoM XeMOTAKCHCE, HME-
IOIIHM PEIEDMEE THAMSHHE A8 HOPMATEHOM OCY IECT-
RIEHHA CBORCTREHHEX Makpoparas dryskumi. ¥V sMumed
¢ HOKayToM reda MOCP-1 Owio CHHEEHOD YHCAD Mak-
podaron MOHOLRTOE ¥ HapymeHa QyHKuHa Makpoda-
roB. TakuM o0pasoM, 3Ty ITY Y MEIIER HCNOILIOBATH
B EAYECTES TEHETHUECKOID IKEHBAMCHTA FPYINe MEIIER,
¥ KOTODEIX NPOBeAH §apMakonorHueckoe CHIKEHHE IHCTa
MAKPODANCE B MOHOUHTOR, B PATTHYHEX QHINOIOrHYEC-
KHX W MEaToaoTrHIeckix yenonmax [12, 13].

B MATEPHANEI H METOALI

DECMEPHMENTH NPORKIHTH B COOTBETCTEHHN CO CTAHIAD-
TaMH, YTEEPEICHHEIMH KOMBTETOM Institutional Animal
Care and Use Committee Vuupepeurera Kanndopuun,
Can-PpaniscKo.

B 3KCHEPHMEHTANEHON MOASAH  HCOONLIOEANH 8-
H 9-HeIeNRHBIX MEINER C SPTEPHATEHON TMIEPTEHIMEA,
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¥ EOTOPEX WHIYUHDOBATH PAIBHTHE AHEHRHIM HHYTPHYE-
PENHEI cocyaon, kax Owno ommcano pamee [11]. B omodi
MOAENH [UIR HHIYUHPOBEHHA HOPMHDOBEHHE AHEBDHIM
BHYTPHHEPEMHEX COCY 0B ¥ MEIIEH OFLEIHHIIH 183 XOP0-
L0 HEBECTHED KIHHMMECKHX DEKTopa, CRHIAHHEX C PAI8H-
THEM EHY TPHYEPEITHEY ZHERPHIM ¥ MI0JI2H — apTePHaTLHYD
THIEPTEHTHID M PAIPYIIEHHE ATACTHYHON MIACTHHKH. Mu
BRHIDTHHTH QIHOKPETHY CTEPE0TAKCHHSCEY 1 HHLEKLHID
IMACTATE B COHHHOMOINOEYD KHIKOCTL B MPany o 0a3aik-
HY 10 LHCTepHy. PacTeop amactats (17 mU) ofnemon 2.5 MR
BROIHIM ©0 CROpOCTRED 0.2 sxon/MuH (Ultramicropump,
World Precision Instruments). APTePHATEHY R THIEPTEHTHKD
HMHIYUHPORATH NYTEM ATHTENRHON NONKOXKHON HHEYIHH
aHrnoTerzAHa 11 B aoze 1000 HE/ KT MEH B TENSHBE 3 HEN2NE
Hepes MMIUIAHTHROBINHEN OCMOTHUECKMR wacoc (Alzet
pump; Durect) [11, 14].

CHCTOTHMECKOS APTEPHATLHOE IARTSHHE ¥ MEIIEH
HAMEPARIH 10 NEYEHHA, YEPET | HEISWD MOCHe HHLEEHH
SMACTAIH M Heped 2 HedellH NoCie HHLEKIHHE HMEcTank
NyTEM HENPHMOTD HIMEDEHHA © NOMOMLD XBOCTOBROEH
MamxeThl. Yepea 3 weaenu M NOIREPINH MEINER 3BT3-
HATHH W NPORETH Nepdiyinn EHBOTHHY KPAacHTEIeM
OpomienonoM cHEMM. B3 ocnenieHHEX Halmonare-
A8 OUSHHIH POPMHPOBAHHE AHERDHIM BHYTPHUEDEN-
HEIX COCYI0R MyTeM MIyYeHHd BHAIHIMeRa Kpyra 0 ero
OCHOBHEIX BETREM MO NpenapopantHol aynod (xI0).
K pHTepHEM HATHYHA AHEBPHIME BEHYTPHYEPENHLIX COCY-
J0B CUMTANH MOKATREHOE BHNAYMBINHE HAPYXY CTEHEH
cocyla Buimuidera EPYra HIH OCHOBHEIX KPYNHEX BET-
nel, K1k OLAo onucano pawee [10, 11]. Mocie wayveHns
cocy 0B BHIAHIHERD KPYyTd BCE OOPEZUE TEaHER MOara
NOIEEPTIH IAMOPOIKE LTH NOCTEIYIIETD HMMYHOMHCTO-
XHMHYECKOTD OEPAIHBAHHA.

DPAPMAKONOIMYECHOE CHHMEHHE YHCNA
MAHPOPRATOB

CHIEZHHA YHCIa MakPOdans DOCTHIMH © NOMOIITLD
BHYTPHBEHHOIO BBEJEHHA HHEATICY THPORAHMOTD B THITO0-
COME THXT0pPMETHIEH AHGOCHoHaTa (THNOCOME C KTod-
pouaros) [15]. Mu mcnonkzomans 3~ W 9-HeaeARHEX
caMuoR MuImER THHaH C3TBL/AT (n—10 B KaxIod rpyn-
ne). Knoapowar Own npegoctanned kodnanuen Roche
Diagnostics GmbH (Maunrefm, FepMmanug). JTHNOCOMEL
C KACIPOHATOM BROJHIH XHBOTHEM EHYTPHREHHO 38
2 CYTOK A0 HHEDYIMH 21acTatel M anrworenzisa 11 Tpa
TAKOM PEAHME BESJEHHSA MPOHCXOMHT CHIKEHHE YHCIE
Makpoduaros MeHee geM 1o 10% OT HX HCXOmHom qHena |9,
16]. AHBOTHEM KOHTPOILHOR TPYNNLE BREOIWTH aHL10-
FHYHEA OLEM JHINOCOM, cofepwammx docdsaTHo-come-
Bof Oychep (MHnocoMel ¢ PCE). Mu omenwtd advexran-
HOCTE CHHKEHHA YHCI MAKPMparos nyTeM HMMYHOIHC-
TOXMMHYECKOID AHATHI Makpoddrol B CENe3eHKe, Kak
0o onucano panee |9, 16].

YACTOTA PAIBHTMA AHEBFH3M Y MBILIEA

C HOHAYTOM FEHA MCP-1 H ¥ MbILEA C HOHAYTOM

FEHA MATPHHCHOA METANNONPOTEHHA3LE12
O12HHIH Y3CTOTY PAIRHTHE AHEBPHIM ¥ MEILEN C HOKa-

yroM rema MCP-1 w Mumel ¢ HOKAYTOM TeHa MaTpHEC-

HOR MeTamIonpoTeHais-12 (MMP-12) {p=10). Mumes

OHEOID THMA © OOHHAKOBHM TEHETHHYECKHM HoHOM
(C5TBL/6]) MCnONLIOBANH B KauecTRE KOHTPOILHON
TPYNILL (=20,

HMMYHOMHCTOXHMHYECHHH AHANK 3

Mogpoduan HRQOpMaIHA o0 HMMYHOTHCTOXHMHYEC-
KOM SHATHIE MPeIcTARIEHa B A0TONHHTENLHEX MATEDHa-
nax {cM. hitp://siroke.ahajournals.org).

CTATHCTHYECHHA AHAMH3

Bce peyneTaTH OPeACTABMAM B BMAE  “CPenHEE
HaueHHe=CO0", PauiHuMd MeEDy MHOKeCTECHHEMH
IPYNMAMH NPOAHATHINPOELTH C NOMOIILE OJHOCTORCH-
HEMD THCTEPCHOHHOM AHATHIA © MOCTEyINIRM post fioc
TecToM Trioks- Kpasvepa. J1na aiannl YacToThH PasniTHa
AHEBPHIM HMCIOILI0BATH TOYHHEA KpHTepHA dHmepa.
CTaTHCTHYECKH THAYMMEIM CUMTATH PeIyIETATEL TP 3H-
YeHHH p= 0,05,

B PE3YNLTATEI

HAMHYHE MAKPOANOB B SHCNEPHMEHTANBHBIX
AHEBPH3MAX BHYTPHYEPENHLIX COCYAO0B

Ha pucyHke | (CM. LB, BKIERKY) NOKaZaHE aHEBPHI-
MEl BHYTPHMEPEITHEIX COCYAOE ¥ MEIIEH C apTepHATREHON
THIEPTEHIHER, KOTOPEM BETIOTHAIH OIHOKPATHYD HHE-
EEIHI IMACTAIE B COHHHOMOITORYKH XHIKOCTh. Gro
COHAPYREHD  (QOPMHPOBAHHE KPYIHEX MEOTHATHY
AHEEDHIM B cOCylax BHLTAIMEEd KPYra WIH HX OCHOB-
HEX BETREH, YTO COMMECYETCH C PeTyALTATAMH Hamen
NpedLIymen patorsl (prc. AT, oM. un. sxnenky) [11].
JuamMetp OGONLIIHHCTES AHERPHIM NpeBuiinan 250 s,
YTO MPHMEPHD B 2—5 pat GoNkIe, YeM THAMET HX POEn-
HAMATRHEY COCYIOR, O 42M NPHEOTHIHCE T3HHLE DaHes
(pic. 1A-T, cM. nB BKASHKY). ¥ HEEKOTORHIX MEIIIER
OLUTH GOHAPYESHE MHOKSCTREHHEE anenpuaMu (pac. 1T,
CM. LIE. BETEAEY).

B uepefpankHex apTepHEy MEIHNSH KOHTPOARHOR Ty n-
ME (J0EHO-ONEPHPOBIHHEX) OOHAPYRHIH FHADTENH-
AMEHYWD OOQIOUEY C TOHKHM CAOEM [MATKOMEIIESHEX
KMETOK, KK ONMHCHBATH PaHee {pHC. 2A, CM. LB, BKIEHKY )
[L1]. B ornnume OT 3T0M0 B AHERPHIMAX BHYTPHUEPE-
HEX COCYI0R MEIIEH OCHORHOR TPYIINLE 0RO BERIERIEHD
YACTHMHOE YTOMIEHHE CTEHOK C BOCMATHTENRHOR KIe-
TOUHOH HMpWIETpaUMeR (puc. 265, CM. LB, BEITEHKY).
FHAOTENHATLHAR O0MIOYEA B GOIEIIHHCTRE CHyYaesk OLna
HHTAKTHA, OIHAKD CAOA MATKOMEIIEYHEX KIETOK B 0He
BRIPCEEHHOR BOCOATHTEARHOR KISTOMHON WHGHIETRE-
HUMH OLLT YTOTIEH.

OKpAIHEAHHE BCEX JIEAEOLUHTOR € HMCIOIB3I0BAHH-
eM aumH-CD45 auTHTen W OKpalMBRHHE Makpodaron
C HCIIONEIOBAHMEM aHTH-CD6S aHTHTEN B APTEPHH MOara
MEIIEH KOHTPOIEHOH (10KHO-ONEPHPORAHHOR) MPYNIE
MOKAEA0 OTCYTCTEHE BOCTIAMHTENLHEX KIETOE H M3K-
podaranesoi mrpuasTpausn (pec. 2B w 2], cM. ue.
BECTEMY ). B A1BEHTHIIMH M METHH CTEHKH AHERDHIM BHYT-
PHUEPENTHEX COCYA0E OO 00HAPYXeHO DONRINDE YHCIAO
NefxounToR (CIM5-nonoaHTeIEHEX K1eTok) (puc. 2T,
CM. LB, BKJIZHEY), 0CO0EHHD B yTOANIEHHOR YACTH CTEHKH
AHEEDHIMEL, WTO B [E0M COOTHEETCTHYET HalmmIsHHasM
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MpH AHEEPHIMAX BHYTPHUSPEITHEX COCYI0R ¥ oneh |2,
3, 7). OkpamHBaHe MAKPOQEron BREHABHI0 HATHYHE MaK-
pocharankHON HHGIIETPAINK B CTEHKE aHEBPHIME C Pac-
MPEAETEHHEM, CXOIHEM C pacnpeieleHHeM JeHKOUHTOR
(puc. 2E—X, cM. up. sknedky). JpolHoe OKpALIHBAHHE
¢ auTH-CD68 ® auT-CD45 auTHTeIaMy MoKazano, 4ro
OCHOBHYID JOTK0 JeRKOUHTOR B AHSBPHIMAX BHYTPHUE-
PENHHEX COCYI0B B ITOH MOIETH COCTARMIM Makpodar
(pHc. 23, CM. IR, BEJIEHEY).

BAHAHHE ®APMAKONOMAYECHONS CHHHEHHA
YACNA MAKPO®AMNOB HA ®OPMHPOBAHHE AHEEPH3M
BHYTPHYEPENHLIX COCYOA0OB

JecAaTH MHIIEM NPOBETH CHHXEMHE YHCIA Makpoda-
TOR [YTEM BEEICHHA JTHNCCOM C KIOIPOHATOM 33 2 CYTOK
A0 HHIYKIHH GHERPHIM BHY TRHUEDENHLIX COCYIOR, SlIe
10 MEIIEAM BEITOAHATH HHEQY 3010 THNOCOM, CONSPRaNINY
PCE. BeeM 3maM 20 MEIIEAM NPORETH OIHOKPETHY I CTE-
PEOTAKCHYECKY I HHEEKLIHK MACTAIH B CIHHHOMOIID-
BYHY EHAKOCTL U8 Paspy MEHHA 31acTHYHON NIACTHHKH
H LTHTENEHY D HHEYIHD aHrioTeida 11 1 iHIyKIHg
APTEPHANEHOR THIIEPTEHINH.

Yepes 3 HEDeH NOCTe HHIYIIHPOBAHHA fOpMHEPOEIHHA
AHEBPHIM, ¥ MEIIER, KOTOPLIM Npopead dapMakoto-
THMYECKOE CHIAEHHE KOAHYECTED Makpparop ¢ IoMo-
MR THNOCOM © ETOIPOHATOM, OOHAPYERIH CHIKEHHE
YACTOTH PAZBHTHA AHEBPHIM BHYTPHUEPENHLIX COCYAOR
M0 CPABHEHHED ¢ MEIIEMH, KOTOPEM BEOIRTH JTHIOCOME
¢ @CE (MEIIH ¢ HHTAKTHHMH Makpodarasn; 1 [10%E]
3 10 vz 6 [60%] w3 10 coygaes, p<0,05; pHCc. 3A), UTD
CBHIETENLCTEYET O Pellaiinef posk Makpodaros B dop-
MHPOBAHHH AHERPHIM BHYTPHUSPENHHEX COCYA0E B 3TOH
MOIETH.

HecMoTpA Ha 00MLIIOE YHCIO MaKPOdaron B aHeBpHIMax
BHYTPHYEPE ITHEIX COCYI0B, ¥ MEIEA, MOTY9aBIIHY THI0-
coMEl ¢ DCE (puc. 31, cM. LIB. BKAEAKY), B CpPeiIHen
MOITOBOA APTEPHH MEINER KOHTPOILHOR TPYINE {(pHC.
I6—B, oM. UE. BKIEHKY) HIH IPYINLE ¢ fapMakonoriec-
KHM CHIEEHHE M YBcna Makpoparos (puc. 3E—& o, umn.
BIIEHEY ) OTCYTCTROELNA MAKPOparaTLHan HHGHALTPALME
COCYTHCTOR CTEHKH,

KOMHUecTRe NN aHaH? Makpodaros (=3 B Kaxaon
TPYINE ) MOKAIAN, 9T HX STHCI0 OO0 SONLITHM ¥ MEILISH,
KOTOPEIM BEOOWIH 20acTa®y, aurvorerauH 11 » o auno-
COMEL ¢ PCE, yeM ¥ MEIIEH KOHTPOIRHOA FPYIINLEL WX
TPYNIE © GapMAKOIOTHYECKHM CHICEEHMEM YHCIE MaK-
podaros (0,520,3 ®u 11,1133 coomeetcreenno, p<0,05;
0,5£0.3 n 1.0£0,3 coorsercreenno, p<0,05; puc. 33,
CM. LB, BENEAEY). HMMyHOTHCTOXHMHYECKOE OKPalH-
BaHue CD63-NOINTHEHEY KIETOE (MOHOLHTOR MAKPO-
haroe) B CENe3cHER (m—5 B KLKI0N BPEMEHHOH TOYKE)
HCNOILIOBATH 18 OUEHKH HHhekTHEHOCTH B THHAMHKH
NEYEHHA C NOMOIILED THIOCOM C KIOIPOHATOM, KAk OH-
cano Burme (puc. 4A—6, ow. ue. mxneiy) [9, 16]. TMocne
BERZIEHHE JTHNOCOM C© EJOOPOMATOM I100mans CDoeE-
MOIMTHEHOH OOM3CTH B CENE3eHEE CHMIWNAChL Ha ER%
OT HCXonHOTe pazsepa (25,844, 1 u 3,241 0% cooTBETCT-
BEHHD, p<0,05), IeMOHCTPHPYA S0upeETHEHOS CHH®E-
HHe YHCIa Makpofaron’ MOHOUHTOR Ha (foHe JeueHHd
ENOApOHAToM. Yepes 2 HEelenH NPON3nILe BOCCTAHORE-

uie wiomand CHE-NoINTHEHOID PErnoHa B CEleIeHKE
IO HCXOMHOD pasMepa (28,824 1 u 23,112 6% CcoOTREeTCT-
BEHHD).

Hudwy 3ua anrnoreran Ha 11 npUBeta K paBHTHIO APTePH-
ANLHOA FTHNEPTEHINA B 0deux rpynnax. Yepes | u 2 nenenwn
MoCNe Havanad MHGYIHH CHCTONMYECKO? aPTEPHANLHOE
JEABTEHHE OLITD BLINE HCXOOHOTD YpoBRMA. TlonanmeHme
MAKDOMErcs He NORTHATD M3 YPOBEHE CHCTOIHUECKOrD
APTEPHATEHOTD TaRTeHHA (pHC. 4B, M. LR, BEIEAKY).

CHHMEHHE YACTOTHI PAIBHTHA AHEBPH2M
EHYTPHYEPENHLIX COCYAOB ¥ MLILEA C HOHAYTOM
FEHA MCP-1

[MockOAEKEY ¥ MuIER ¢ HokayToM reda MCP-1 owno
CHHAEHD HYHCI0 MOHOUHTOR/Maxpofaros W HapymeHa
iyukuma Makpodaros [17], ME HCTOABIOELTH MEIIEH
¢ HokayroM reHa MCP-1 ana gaisHeRmernn aHaTHiIa
pemaminel ponH Makpodarce B OpMHPOBAHHE aHER-
PHIM BHYTPHUEPENHEX COCYIOR. Y IRANIATH MEINSH
JHEOND THIA B ASCHTH MEIEN C HOKayToM rewa MCP-1
HHIYUHPOBATH PAIBHTHE AHEBPHIM EHY TRHYEPENHBEIX
COCY 108,

¥ uulmer ¢ HokayToM reda MCP- 1 OLUta MH&E YacToTa
PAIBHTHA AHEEPHIM N0 CPABHEHHED ¢ MEIIAMH JHKOMOTHIIE
(2 [20%] wz 10 1 14 [70%] w2 20 cOOTReTCTREHHD, p<0,05;
PHC. 5A, CM. LB BEIEAKY). HMMyHOTHCTOXMMHYECKDE
oxpamMeanKe Makpodarce B uepe0pan:HHX ApTEpH-
A% NPOIEMOHCTPHPOBATO OTCYTCTEHE  Makpodaraik-
HOH HHGWILTRAIMKH ¥ MEIIER ¢ HokayToM rena MOCP-1
(puc. 36, cM. LB BKAEAKY). KOIMMECTREHHEA AHATHI
MAKPOEros B cpeTHel MOIroBoR apTEpHE (r—5 B KaxI0M
T I ) MOKEE YMEHBIIEHHE MAKPODaranbHoR HHbHIL-
TPaUMK B CPEOHEl MOIMOROR APTEPHH ¥ MEIIER C HOKa-
yToM reda MCP-1 no cpanHeHHly © MakpodarankHo
MHpHIETPAIMER ¥ Mumel auxoro Tama (28 +1 4u 10,9 +
(0,8 cOOTRETCTREHHD, p<0.05; prc. 311, cM. 1B, BKIEAKY).

Maxpodars npomyunpyor MeTamionpoTerHazn (MMP),
HIPAIMIIHE BAKHYID PUIE B PEMOARTHPOEIHHM coCyaon [,
9]. PaHee, HCNONETYA ITY BE IKCNIEPAMEHTAIEHYD MOJETE,
HAM YAAN0CE MPOAEMOHCTPHPOBATE BLICOKY I AKTHEHOCTE
MMP B aneppHaMax BHYTpHYepenHex cocymoe [L1].
Henonezomause MuraduTopa MMP poxkcHuMkIHHEa noi-
BOJRET 3HAYHTENEHO CHHIHTE 9aCTOTY PasBHTHA AHZEDPHIM
BHYTPHYEPENHEX cocyaon [11]. CHMXeHMe 4aCTOTH pai-
EHTHA AHEBPHIM BHYTPHUEPENHEX COCYI0E OLUTO 3APEruc-
TPHPOBANO ¥ MEIER ¢ HokayToM rena MMP-9, no we reqa
MMP-2 [11]. [MpusAMas 80 EHEManne, yto MMP-9 apis-
ETCH OCHORHOR KenaTHHazoN, NpoqyuHpyeMol Makpodara-
MH, BELKHO OTMETHTE, 4To MMP-12 8 cBow cdepelh [pel-
CTERAHET CODOH OCHOBHYID 21acTaty Makpodaros. MMP-12
MOXKET OuITE NPOTEMHAROA, OTBETCTREHHOA 33 CONEHCTEHE
CTPYKTYPHEIM HIMEHEHHAM MECTHYHON IUVACTHHEH, IPH-
BOAAIIHM K (PHIHONOMHEECKOMY H [ATONOMHYECKOMY COCY-
nucToMy peMonenHpoeannm [18]. B cemim © 3THM Mu
HIygane poie HMenno MMP-12 8 dopMBpoEaHHHE aHeR-
PHIM BHYTPHYEPENMHEX cocyaon. OIHaKe HaM He YIRIoch
BLIARHTE PALTHYMA B Y3acTOTE PAIBMTHA AHERPHIM EBHYT-
PHYSPENMHEX COCYIOE MERTY MEIUAMH C HOKIyTOM TEHE
MMP-12 ¥ memaMH QHkoro THOA (30 1 70% CcOOTRETCT-
BEHHO), KPOME TOTMO, HMMYHOIHCTOXHMHYECKOE OKPallH-

&0

Downloaded from http://stroke.ahagjournals.org/ at Vrije on March 28, 2012


http://stroke.ahajournals.org/

INIETETTN Stroke

panne Makpodaros (CO6S-NoIMTHEHEX KIETOK) NOKAZA10
HATHYHE OIHHAKOBOTD WHCIE MaKpOQaros, HAKOIMHEIHICH
¥ Meme#d ¢ Hokayros repa MMP-12 » y sumefi ankoro
THNA (9,412, 3 we 10,910,8; puc. 51, cM. LB, BIIEAKY).
JanrensHas ey THd aHrnoTeInHa 1 npreena K noskL-
HIEHHK HCXOIHOM YPOBHA CHCTOIHYECKOTO PTEPHATLHO-
I JARNEHHA 92Ped | 1 2 HEMEH ¥ MEIIER C HOKAYTOM MeHa
MCP-1 1 munmen ¢ HokayTos reda MMP- 12, He yoanocs
BRIABHTE JHATHMOTO PATTHYHA Yeped | 0 2 HelenH MeskIy
MEIIEAMH THEOID THIE B MHIIEMH © HOKayToM IeHa
MCP-1 mnn MMP-12 (prc. 3E, CM. UB. BEISHKY).

B OBECYHEHHE

B MCCIERORAHHH ME MOKAZATH PEE0NYI0 POIL Mak-
pofiaron B GOPMHPOIAHNH AHEEDHIM BHY TPHUCDEITHELX
COCYI0B ¥ MEIIER. M HCIONEIORANH HEJABHO Pazpalto-
TAHHYH IKCTEPHMEHTATEHYI0 MOJENE AHERPHIM BHYTPH-
YEPEHEX COCYI0E, B KOTOPOH PAIBHTHE AHEBEDHIM HHITY-
UHPOBATH COMETAHMEM COHOKDATHOR CTEPeOTAKCHUEC-
KOR MHLEKUMH I3CTAZH B CIHHHOMOINDBEYK XHIKOCTE
H hapMakoIorHeck- HHIY DHPOBAHHON ApTepHATLHOR
THIEPTEHIMH ¥ MEIIER. Mopdonoriueckie xapakTepHc-
THEKH AHEBPHIM BHYTPHUSPEITHEIX COCYA0R B 3TOR MOIETH
¥ MHIEHR TOYHO COOTBETCTEYIOT HIMEHSHMAM, Halmo-
AADIIAMCA MPH GHEBPHIMAX BHYTPHYEPENHLIX COCYIOB
y mone [11]. Menoneays 57y MODedk, ME, BO-NEPBEIX,
NPCIEMOHCTPHPOBAIH HANHYHE BOCTIATHTENRHOR KITe-
TOUHON HHGHILTPAUHH CTEHKH SHERPHIMEL TTPEHMY -
IECTREHHO 338 CUeT Makpodaros. Bo-BTophX, ¥ MEIISH
¢ fapMaKoIOTHHECKHM CHHAXEMHEM YHCIA Makpoparos
OulIa IHAYMTEILHO HIEE 93CTOTa PAIBHTHA AHEBRHIM
BHYTPHYEPEMHEX COCYIOR, WEM ¥ MEIIIER ¢ MHTAKTHEIMH
sMakpodaraMi. KpoMe TOro, ¥ MEIIER © HOKayTOM TeHa
MCP-1, 1. e. MEIIEH CO CHHXEHHEM YHCIO0M MOHOUHTOR'
MAKPOEros M HapymeHHeM QyHKIHN Makpodaros, Oruta
THAMHTENLHO HHKE YacTOTd PAIBHTHA SHEBPHIM BHYT-
PHYEPENHEX COCYAOR MO CPABHEHHI ¢ MEIIAMHA THKOM
THI. DTH JaHHEE ¥ 0SIHTENLHO CRRIETENLCTEYIOT B 01k
Iy PeIEAKMIER POTH Makpodarcs B OPMHPORAHKK aHER-
PHIM BHYTPHYEPEITHELX COCY I0R B 3TOR MOIETH, OCO0eHHD
Ha PAHHHX ITanax HOpMHPOEIHHE B POCT AHERPHIMEL,

AHERPHIME BHYTPHUZPLNHEY COCYI0B Hallle BCTPLYE-
0TCH B 30HAX, KOTOPHE MOJBEMESHE AHOMATLHON reMo-
AHHAMMHYECKOR HAIPYIEE Ha COCYOMCTYID cTeHEy [19].
AHOMATEHEE TEMOIHHAMHUECKHE HAMPYIKH [POROLH-
PYIOT PATBHTHE BOCTIATHTENLHOID MPOLUECCA MYTEM AKTH-
BAUMH SHEOTETHATEHEY KIETOK M MOHOUMTOR MaKDO-
tharon. 2TH KIETEH CEKPETHRYIOT NPOTEMHAZH, B T. 4.
MMP u anacrazu [1]. MMP mokeT aecTalMiHIHPOBATE
COCYINCTY) CTEHKY HENOCPEACTEEHHO, MYTeM cojagHc-
THHE PEMOISTHPORAHHIO NPH PACIISIUIEHHH COCYIMCTON
MATPHLL W ONOCPENOBAHHO, Iy TEM AKTHBAUMH M BRICEO-
OOCEIEHHE JAPY THX NPOTERHAT W aHTHOTEHHEX $akTopos
[20]. Panee Hame ORUI2 NPOASMOHCTPHPOBAHA BIaHad
ponk Makpodaros @ MMP B azanTHEHOM peMoaenHpo-
BAHMH COCYI0E KPYITHLIX apTepri [9]. AHEBDHIMEL BHYT-
PHYEPENHEX COCYA0E MOTYT PAIBHEATECA B PETy/ILTATE
HEANEKBATHOD PEMOISTHPOEIHHA COCY.I08, TIPH KOTOPOM
BOCTIATHTENLHEE KJIETEH CIIOCODCTEYIOT AKTHEHEIM H aHO0-

MATEHEM NPOUSCCAM PEMOIETHPOBAHHA, [TPHBOIHIIHM
K POCTY M PazpLisy asenpaas [1].

Kak # B Hames ucenenopzHin, T. Aoki ¥ coant. wenoae-
JOBATH MEINER ¢ HOKayToM reda MCP-1 B 1pyrofl monens
AHEHEPHIM BHYTPHYEPENHEX COCYADH, B KOTOPOH paieEd-
THE AHEEMHIM HEIYIHPOBATH COYETRHHEM 4 MAWHITYIRLHA
B TEYEHHE 3 MECALSE: HESICHHHA S-aMHHOMPONHOHATRAIAL
(HEOOPATHMOTD MHTHOHTOPA AHIHI-OKCHIATR], OJHOCTO-
POHHEND JHTHPOHAHHE COHHOH apTEPHH, ABYCTODOHHETD
JHTHPOEAHHA TAMHEY NOYEYHEIX 3PTEPHH M NOBRIIEHHON
conerol Harpysed [21]. B ceoem wochaenosanuH T. Aoki
H CORET. OOHAPYMXIIH, YTO 3HEIPHIMATHUECKHE MIMEHE-
HH#A, TAKHE KK HAPYIIEHHE WACTHMHON MeMOpaH:E C WIH
Oe1 POPMUPORIHHA AHEEPHIM, PERE BCTPEYATHCE ¥ MEIIER
¢ HOKayToM reHa MOCP-1 mo cpapHeHH o ¢ MEIIAME THKOID
THIEL, W 3T0 HEOINISHHE B UeN0M COOTESTCTEYET HAlIHM
JaHHEM [21]. Takxke ¥ MueimeR ¢ Hoxayros reda MOCP-1
OrNa OTMEYEHE ciadad TEHAEHIHA K CHHBEHHID YacTOThl
PATEMTHA ZHEIPHIM N0 CPARHEHHED C METIAMH AHKOID THITA
{10 w 20% CcOOTRETCTREHHO), TOMAA KAK B HAIIEM HCCIEa0-
BEHHH YAAMOCE MPOKIEMOHCTRHPORATE CTATHCTHYECKH THE-
YHMOE CHHEEHHE YACTOTH PAIEMTHH AHEBPHIM ¥ MEINEA
¢ HOKayToM reHa MOCP-1 no cpapHessio ¢ MEIAMH THKOD
THMA {20 vz TOF). Dra pAIHHLE MEETY ARYMHE HCCIEIOBAHH-
AMH MOKET OLITL O0YVCIORNEHE PAVUTHYHEM B THRECTH deHo-
THIE B ITHX JEYX IKCOCPHMEHTAN. AHEBPHIMEL, PAIEHTHE
KOTOPEX HEIYIHPORAHO OIHOKPATHON HHLEKIIHEN 2030Ta-
6l B COHHHOMOSTOHEYE EHIKOCTE MEIIEM C EpTEpHLIEHOR
THNERTEHIHEN, KK NPEAN0, KPYIHEE W & GO0NEE RLIPANEH-
HEIMH HIMeHeHHAMH [11]. B OTAHMHE OT 2T00M0 B MOOETH
EHYTRHYEPENHEX AHEEPHIM ¥ MEINEH, BCNOILIOEIHHON
T. Acki H COAET., AHEBPHIME OLUTH MEHRINE, ¢ OOICE TOH-
KHMH THCTOIOMHYECKHMH HIMeHeHHaMy [21, 22].

PaHee yae OuUIA NPOASMOHCTPHPORAHA MOTEH IHATLHAS
pons MMP & hopMBpOBAHHH AHERPHIM BHYTPHUE PEMHEN
cocyaos [6, 11, 22]. Mu nokazand, wro sHrtaTop MMP
IMHPOKOND CNEKTPA ASHCTRHA MOXET NOJARIATE fop-
MHPORAHME AHEEPHIM BHYTPHUEPSNHLY COCYAOR. XOTH
MMP-2 urpana ErEHYD poik B OPMHPOBAHHH AHER-
PHIM BHYTPHUSPENHEY COCYO0R, ¥ MEIIER © OTCY TCTRHEM
MMP-9 uwacToTa paIndTHA aHEEpHIM Owta wike [11].
Brinenseman MakpoparamMy MMP-9 MoReT HIpaTh peis-
HOITY W) POUTE B POPMHPOEAHHH GHEBPHIM BHY TRHYEPEHEIX
coCyaoE [22]. B 1aHHOM HCCAEIOBAHNH MEl OLEHIITH POk
e oaHoN Knouesor MMP, npogyurpyeMol Makpodia-
raMi — MMP-12, makpodaransuon anacransl. OoHIKD
orcyTeTERe MMP- 12 He NORTHAAOD HA YaCTOTY Pa3IBHTHH
anerpuiM. B oriwume ot MMP-9, MMP-12 ue moser
HIPAETE THIYHMOH POOH B OPMAPORAHNH AHERPHIM BHYT-
PHUEPENHEX cocy 1o, [ToCckonkKy U8 HHAYELHH PainH-
THH AHEBPHIME B HAINEH MOIETH HCIIONEI0BATH JKI0TeH-
HYID ATACTATY, BIOIHE BOAMOXHO, STO PAHHHE MPOLECCH,
JUTH KOTOPRX HEOOXOIHMD YUACTHE SHAOTEHHEY 1aCTat,
Takux kax MMP-12, p wameit Momenn Onan OnokHpo-
BaNL. KpoMe TOro, Ha pasHeX cTAIMAX GopMHPOBRAHHA
H POCTE AHERPHIME — PAHHHX M MOIIHHX — POTE MAKPO-
paron # MMP MOXET OTIHYETLCH.

Bronse BepoATHO, 9TO BECASHHE JHIOCOM © KIDIPOHE-
TOM, T. €. JEUEHHE, KOTOPOE ME HCIONLIDSATH L1 CHH-
EEHHE YHOIE MAKPOPEron, HMeeT HEHIBECTHRE NOG0HEE
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pherTr. OIHAKO B HANIHY IKCIEPHMENTIX MLl He O0Ha-
PY®HIH HHEAKMY BHIMMEX NPHIHAKOR no0ounsy sdebek-
TOB ¥ XHBOTHELX, MOMYYARIIHX THOCCOME] ¢ KIOIPOHATOM.
B HameM npensIymeM HCCAENOBAHHH MEl TPOIEMOHCTRH-
POBATH, YTO BEEEIEHHE THIIOCOM ¢ KIOIPOHATOM HE OKATH-
BT RAHEHHE Ha JPYTHE CYOIOIyIaLHH TEAKDIHTOR, TROM-
GOUMTEL HIH SPHTPOUMTEL [9]. Hamm MeTofh CHEReHHA
YHCIA MAEPMDArcE He NOBOAAINT NOTHOCTEE NOJABHTE
LENEEYID NOMyIRuMe Kietok. 1o Bcel BepOATHOCTH, IT0
IPHECIHT K HENOTHOR CYIPecCHH HOPMHPOBAHHA AHEEDHI-
MEL Kpose TOMO, OTHOCHTENRHEIR DeduumT smakpodaron,
BOBMOEHD, 0BT KOMIEHCHPORIH ADYTHMH THIIAMH EIETOK.
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