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ABSTRACT
BACKGROUND: The choroid plexus of the brain is the source of cerebrospinal fluid and a major component of the  
blood–cerebrospinal fluid barrier, providing active transport of only essential substances and preventing the entry of harmful 
substances, including proinflammatory molecules, pathogens, and toxins. Basement membranes of the choroid plexus play 
a special role in the implementation of barrier functions, which underlie the choroidal epithelium and capillary endothelium, 
and serve as an additional filter for substances penetrating from the blood into the cerebrospinal fluid. The morphological 
organization of basement membranes in the villi of the human choroid plexus has not been examined extensively.
AIM: to analyze the organization of basement membranes in the villi of the human telencephalon choroid plexus by 
immunohistochemical detection of type IV collagen.
MATERIALS AND METHODS: The study was performed on archival materials from the choroid plexus of the human brain (n=10; 
age 29–50 years) using immunohistochemical methods for detecting type IV collagen.
RESULTS: An immunohistochemical reaction using antibodies to type IV collagen showed the distribution of this protein in 
the subepithelial area and stroma of the choroid plexus villi. All immunopositive structures had clear contours. No reaction in 
the cell cytoplasm or a nonspecific background was noted. Contacts of subepithelial and subcapillary basement membranes 
labeled with antibodies to type IV collagen were not detected.
CONCLUSION: The results showed different organization of the basement membranes of the villi of the choroid plexus of the 
human brain in the subepithelial and perivascular areas. In this case, the subepithelial and perivascular components containing 
type IV collagen did not merge.
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АННОТАЦИЯ
Обоснование. Сосудистое сплетение головного мозга, являясь источником цереброспинальной жидкости (ликвора) 
и основным компонентом ликвороэнцефалического барьера, обеспечивает активный транспорт только необходимых 
веществ и препятствует проникновению вредных веществ, включая провоспалительные молекулы, патогены и токсины. 
Особую роль в реализации барьерных функций играют базальные мембраны сосудистого сплетения, которые 
подстилают хориоидальный эпителий и эндотелий капилляров и служат дополнительным фильтром для веществ, 
проникающих из крови в ликвор. Детальный анализ морфологической организации базальных мембран в ворсинках 
сосудистого сплетения человека ранее не проводился.  
Цель исследования — изучение организации базальных мембран в ворсинках сосудистого сплетения конечного 
мозга человека с использованием иммуногистохимического выявления коллагена IV типа.
Материалы и методы. Исследование выполнено на архивном материале сосудистого сплетения головного мозга 
человека (n=10; возраст 29–50 лет) с использованием иммуногистохимического метода выявления коллагена IV типа.
Результаты. Иммуногистохимическая реакция с использованием антител к коллагену IV типа показала распределение 
этого белка в субэпителиальной области и в строме ворсинок сосудистого сплетения. Все иммунопозитивные структуры 
имели чёткие контуры; реакция со стороны цитоплазмы клеточных элементов и неспецифический фон отсутствовали. 
Контакты субэпителиальных и субкапиллярных базальных мембран, меченных антителами к коллагену IV типа, 
не обнаружены.
Заключение. В ходе исследования показано, что базальные мембраны ворсинок сосудистого сплетения головного 
мозга человека в субэпителиальной и периваскулярной областях имеют различную организацию, при этом объединения 
субэпителиального и периваскулярного компонентов, содержащих коллаген IV типа, как правило, не происходит.
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人脑血管丛绒毛中基底膜的组织结构人脑血管丛绒毛中基底膜的组织结构
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摘要

论证。论证。脑血管丛是脑脊液（脑液）的来源，也是脑脊液屏障的主要成分，它只提供必要物质的主动

运输，并防止有害物质（包括促炎分子、病原体和毒素）的渗透。血管丛基底膜在实现屏障功能方

面发挥着特殊作用，基底膜位于脉络膜上皮和毛细血管内皮的底层，并作为从血液渗透到脑脊液中

的物质的额外过滤器。以前从未对人类脉络丛绒毛基底膜的形态组织进行过详细分析。

本研究的目的是利用免疫组化技术检测Ⅳ型胶原蛋白，研究人体末端髓质血管丛绒毛基底膜的组织

结构。

材料和方法。材料和方法。这项研究是在人类脑血管丛档案材料（n=10；年龄 29-50 岁）上进行的，采用的是检

测 IV 型胶原蛋白的免疫组化方法。

结果。结果。使用 IV 型胶原蛋白抗体进行的免疫组化反应显示，这种蛋白分布在上皮下区域和血管丛的绒

毛基质中。所有免疫阳性结构都有清晰的轮廓。没有细胞成分的细胞质反应和非特异性背景。未检测

到上皮下和毛细血管下基底膜与标记有 IV 型胶原抗体的接触点。

结论。结论。这项研究表明，人脑血管丛绒毛上皮下区和血管周围区的基底膜具有不同的组织结构，上皮下

区和血管周围区的基底膜一般不含 IV 型胶原蛋白。

关键词：关键词：血管丛；大脑；IV 型胶原蛋白；人类。
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BACKGROUND
The cerebral vascular plexus constitutes the primary 

source of cerebrospinal fluid (liquor). It facilitates the active 
transport of substances against a concentration gradient, 
prevents the entry of substances, including proinflammatory 
molecules, pathogens, and toxins, and synthesizes several 
crucial components that are secreted into the ventricular 
cavity [1]. Consequently, vascular plexus damage can lead to 
impaired liquor dynamics and adverse effects on the brain, 
potentially leading to the further development of persistent 
pathological changes [2–6].

The vascular plexus generates villi that are enveloped by 
a single layer of cubic epithelium. The stromal component 
of the plexus is composed of blood vessels and surrounding 
connective tissue. Considering that the vascular plexus 
constitutes the area of the hematoliquor barrier, the basement 
membranes are particularly important. These membranes, 
located in the subepithelial and subendothelial zones, serve 
as an additional filter for substances that enter from the blood 
into the liquor [2]. The basement membrane is composed 
of multiple glycoproteins and sulfated proteoglycans, with 
type IV collagen serving as the primary structural protein. 
The presence of type IV collagen is essential for preserving 
the internal organization of basement membranes under 
mechanical stress and their steady functioning [7].

Despite the fact that separate studies of the vascular 
plexus have been conducted in recent years using antibodies 
to various types of collagen, a detailed analysis of the 
organization of the basement membrane in the villi of this 
organ has not yet been performed.

This study aimed to analyze the structure of basement 
membranes in human terminal cerebral vascular plexus villi 
using immunohistochemical detection of type IV collagen.

MATERIALS AND METHODS

Study design
This study was an observational, single-center, 

retrospective, selectively controlled, and non-randomized 
study.

The study employed archival material, including blocks of 
the human brain vascular plexus (n = 10; age 29–50 years) 
[8], from the archive of the Department of General and Private 
Morphology of the Institute of Experimental Medicine.

Study description
The specimen was fixed in an alcohol and formalin 

solution, dehydrated, and embedded in paraffin, as per 
the generally accepted technique. A PFM Rotary 3003 
rotary microtome (PFM, Germany) was used to cut  
7-μm-thick sections from paraffin blocks and mount them 
on glass slides coated with HistoBond adhesive (Marienfeld, 
Germany). Sections were stained with hematoxylin and 

eosin, and basement membranes were identified using an 
immunohistochemical reaction for type IV collagen using 
mouse monoclonal antibody clone CIV 22 (Dako/Agilent, USA). 
Prior to the reaction, endogenous peroxidase was inhibited 
using a 3% aqueous hydrogen peroxide solution. MACH 2 
mouse HRP polymer reagent (BioCare Medical, USA) was 
utilized as the secondary antibody. The reaction product was 
visualized using DAB chromogen (Thermo Fisher, Germany). 
As a control, vascular plexus sections were processed in 
the same manner, except for the phase of adding primary 
antibodies to type IV collagen. The nuclei were stained with 
hematoxylin after the reactions. The preparations were 
examined and microphotographed using a Leica DM750 light 
microscope and an ICC50 digital camera (Leica, Germany).

Ethical review
This study was approved by the local ethical committee 

of the Institute of Experimental Medicine (protocol  
No. 58-9/1-684, dated December 11, 2009).

Statistical analysis
No statistical processing of the data has been performed.

RESULTS

Study participants
The study employed a sample comprising 10 blocks 

of vascular plexus from the human brain, collected from 
individuals between the ages of 29 and 50 years. The 
samples were provided by the Department of General and 
Private Morphology of the Institute of Experimental Medicine 
(St. Petersburg).

Main study results
Hematoxylin and eosin-stained sections of the vascular 

plexus of the human brain were employed to assess the 
quality of fixed material and the absence of autolysis signs, 
which impeded the adequate staging of immunohistochemical 
reactions. All cases selected for the study exhibited good 
epithelium preservation, including the preservation of the 
tinctorial features of the cellular elements and the fibrous 
component of the connective tissue. This indicates that 
the tissues were not subjected to autolytic changes. The 
basement membranes were indistinguishable when stained 
with hematoxylin and eosin.

The distribution of this protein in the subepithelial area 
and the stroma of the villi of the vascular plexus was 
demonstrated by an immunohistochemical reaction with 
antibodies against collagen type IV. All immunopositive 
structures exhibited clear contours, with no reaction from the 
cellular cytoplasm and no non-specific background. Control 
specimens demonstrated no reaction (Fig. 1).

At low magnification, a distinct linear staining pattern 
was observed in the subepithelial layer of the villous 
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stroma, corresponding to the location of the epithelial 
basement membrane. In certain regions, focal accumulation 
of type IV collagen was observed in the subepithelial area 
(Fig. 2). The blood vessels of the villus along the perimeter 
exhibited a distinct reaction to type IV collagen. The central 
part of the villi contained larger blood vessels, while the 
peripheral region of the large villi and the small villi located 
just below the epithelium contained small, thin-walled 
vessels.

At high magnification, the capillaries of villi located near 
the epithelial cover of the plexus were observed to form 

linear zones of adhesion. These zones are characterized 
by the parallel alignment of the epithelial basement 
membranes of the plexus and the endothelium of the vessel 
in sufficiently extended regions (Fig. 3). However, the 
fusion of the two basement membranes is not a frequent 
occurrence. Pericytes are observed to be confined between 
the layers of the basal membrane of the capillaries of the 
vascular plexus in a portion of the villi. Rare perivascular 
cells were observed from the exterior in close proximity 
to the basement membrane (Fig. 4). In larger vessels, 
particularly arteries, the basement membrane was 

a b

Fig. 1. Choroid plexus of the human brain: a ― immunohistochemical reaction to type IV collagen; b ― negative control (without primary 
antibody). Counter-staining with hematoxylin. Scale bar 50 μm.
Рис. 1. Фрагмент сосудистого сплетения головного мозга человека: a ― иммуногистохимическая реакция на коллаген IV типа; 
b ― отрицательный контроль (без первичных антител). Докраска гематоксилином. Масштабный отрезок равен 50 мкм.

Fig. 2. Choroid plexus of the human brain: immunohistochemical 
reaction to type IV collagen. Counter-staining with hematoxylin.
Рис. 2. Сосудистое сплетение головного мозга человека: им-
муногистохимическая реакция на коллаген IV типа. Докраска 
гематоксилином.

Fig. 3. Blood vessel in the subepithelial area of the choroid plexus 
villi. Arrows indicate the subepithelial and subendothelial basement 
membranes; the segment shows the distance between the BMs 
equal to 1.78 µm; the asterisk indicates the lumen of the blood 
vessel; Э ― villous epithelial cells. Immunohistochemical reaction 
to type IV collagen. Counter-staining with hematoxylin.
Рис. 3. Кровеносный сосуд в субэпителиальной области вор-
синки сосудистого сплетения. Стрелками указаны субэпите-
лиальная и субэндотелиальная базальные мембраны; отре-
зок показывает расстояние между базальными мембранами 
(1,78 мкм); звёздочкой отмечен просвет кровеносного сосуда; 
Э ― эпителиоциты ворсинки. Иммуногистохимическая реакция 
на коллаген IV типа. Докраска гематоксилином.
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surrounded by transversely arranged profiles of smooth 
muscle cell slices.

In certain villi, the epithelial basement membrane was 
observed to be thickened (exceeding 1 μm), while in other 
areas, it appeared to be bilayered. The stroma of villi situated 
between the epithelium and blood vessels is composed of 
fibers, the structure of which is only weakly discernible on 
immunohistochemically stained preparations. Unstained 
fibers were found to contain uncommon elements, which 
tested positive for type IV collagen. These fibers cannot be 
classified as basement membranes because they are located 
outside the connection with epithelial layers and other cellular 
elements. In solitary villi, these collagen fibers were only 
indirectly connected with the basement membrane, resulting 
in clusters that occupied a portion of the villus stroma.

DISCUSSION
The study findings corroborate the hypothesis that type IV 

collagen is a reliable marker of basement membrane [9] and 
confirm the initial assumption that this marker is capable of 
detecting basement membrane on paraffin sections of the 
vascular plexus of the human brain. Contrary to the widely 
held belief that thermal and proteolytic demasking of antigens 
is essential for immunohistochemical reactions [10, 11], it 
can be hypothesized that antibodies of clone CIV 22 do not 
necessitate such a procedure. However, this hypothesis can 
only be verified through a dedicated comparative study.

The potential for two distinct sources of basement 
membrane development is indicated by their positioning 
within the villi of the vascular plexus. Basement membranes 
are predominantly formed through the self-assembly of 
interwoven polymers of laminins and type IV collagens on 
the cell surface. These polymers are bound to nidogens 1 
and 2, as well as to the heparan sulfate proteoglycans agrin 
and perlecan [12]. The formation of basement membranes 
follows a general scheme that is observed in a variety of 
tissues. Furthermore, the biochemical composition of these 
membranes can differ not only among different organs but 
also within the same brain region [12–15]. The potential 
for a distinction in the origin of basement membranes, 
including those in the vascular plexus, is suggested by the 
heterogeneity of the sites of formation and the difference 
in chemical composition. This plexus exhibited two types 
of basement membranes, subepithelial and perivascular, 
which may have distinct origins. It can be inferred that 
the subepithelial basal membrane is derived from the 
epithelium of the vascular plexus, whereas the perivascular 
one is composed of vascular wall cellular elements, 
including endotheliocytes, pericytes, and smooth muscle 
cells. The compact cellular structure of the stroma in the 
plexus villi and the lack of a developed layer of subepithelial 
connective tissue cells indicate that the epithelial cells 
themselves are responsible for producing collagen IV, 
which forms the basement membrane of the vascular 
plexus. However, this hypothesis is not entirely consistent 
with certain data regarding the cooperative formation of 
the basement membrane by epithelial and connective tissue  
cells [16, 17].

The human brain vascular plexus does not possess 
the typical choriocapillary (syncytial capillary) membranes, 
which are areas of direct contact between the capillary 
endothelium and chorion, in contrast to the human placenta 
[18], whose villi are analogous in structure to those of the 
vascular plexus [19, 20]. Basement membranes are distinct 
in this instance, even in the domain of capillary adhesion 
to the epithelium of the vascular plexus. Our observations 
are consistent with the results of previous studies that have 
reported the absence of fusion between the subepithelial 
and endothelial basement membranes in the embryonic 
human vascular plexus [21]. Additionally, our results 
agree with the report on the biochemical heterogeneity of 
vascular and nonvascular basement membranes of the  
ventricular–subventricular zone of the mouse brain [14]. 
Thus, these results indicate a complex structural organization 
of the blood–brain barrier, which prevents the penetration 
of certain blood plasma components into the cerebrospinal 
fluid. The structure of the basement membranes is likely 
associated with the characteristics of the organization and 
functioning of the blood–brain barrier, which prevents the 
penetration of certain blood plasma components into the 
cerebrospinal fluid rather than being a zone of free transit of 
blood serum components.

Fig. 4. A blood vessel (capillary) in the stroma of the choroid 
plexus, an arrow indicates a perivascular cell, a double arrow 
indicates a pericyte, an asterisk indicates the lumen of a blood 
vessel; Э ― indicates villous epithelial cells. Immunohistochemical 
reaction to type IV collagen. Counter-staining with hematoxylin.
Рис. 4. Кровеносный сосуд (капилляр) в строме сосудистого 
сплетения: стрелкой указана периваскулярная клетка, двойной 
стрелкой ― перицит, звёздочкой отмечен просвет кровенос-
ного сосуда; Э ― эпителиоциты ворсинки. Иммуногистохими-
ческая реакция на коллаген IV типа. Докраска гематоксилином.
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CONCLUSIONS
This study established the existence of two distinct types 

of basement membranes within the vascular plexus villi of the 
human brain, specifically the subepithelial and perivascular 
basement membranes. This finding highlights the complex 
nature of the human hematoliquor barrier.

ADDITIONAL INFORMATION
Funding source. The research was carried out within the framework 
of the state assignment of the Institute of Experimental Medicine.
Competing interests. The authors declare that they have no 
competing interests.
Authors’ contribution. All authors made a substantial contribution 
to the conception of the work, acquisition, analysis, interpretation of 
data for the work, drafting and revising the work, final approval of the 
version to be published and agree to be accountable for all aspects 
of the work. O.V.  Kirik  ― preparation of the material, formulation 
of immunohistochemical reactions, analysis of the obtained drugs, 
literature review, collection and analysis of literary sources, writing 
and editing the article; O.S. Alekseeva ― preparation of the material, 
analysis of the obtained drugs, literature review, collection and 
analysis of literary sources, writing and editing the article; I.P. Grigorev, 
D.E. Korzhevskii ― analysis of the obtained drugs, literature review, 
collection and analysis of literary sources, writing the text and editing 
the article; Е.А.  Fedorova, A.A.  Beketova  ― preparation of the 
material, formulation of immunohistochemical reactions, analysis of 

the drugs obtained, writing the text and editing the article.

ДОПОЛНИТЕЛЬНАЯ ИНФОРМАЦИЯ
Источник финансирования. Исследование выполнено в  рам-
ках государственного задания Федерального государственного 
бюджетного научного учреждения «Институт экспериментальной 
медицины».
Конфликт интересов. Авторы декларируют отсутствие явных 
и потенциальных конфликтов интересов, связанных с публика-
цией настоящей статьи.
Вклад авторов. Все авторы подтверждают соответствие своего 
авторства международным критериям ICMJE (все авторы внесли 
существенный вклад в  разработку концепции, проведение ис-
следования и подготовку статьи, прочли и одобрили финальную 
версию перед публикацией). Наибольший вклад распределён 
следующим образом: О.В. Кирик ― подготовка материала, по-
становка иммуногистохимических реакций, анализ полученных 
препаратов, обзор литературы, сбор и анализ литературных ис-
точников, написание текста и редактирование статьи; О.С. Алек-
сеева  ― подготовка материала, анализ полученных препара-
тов, обзор литературы, сбор и анализ литературных источников, 
написание текста и  редактирование статьи; И.П.  Григорьев, 
Д.Э.  Коржевский  ― анализ полученных препаратов, обзор ли-
тературы, сбор и  анализ литературных источников, написание 
текста и редактирование статьи; Е.А. Федорова, А.А. Бекетова ― 
подготовка материала, постановка иммуногистохимических ре-
акций, анализ полученных препаратов, написание текста и  ре-
дактирование статьи.

REFERENCES
1. Korzhevskii DE. The cerebral vascular plexus and the 
organisation of the haematoliquor barrier in humans. Regional 
blood circulation and microcirculation. 2003;2(1):5–14. (In  Russ.).  
EDN: PCBHFJ
2. Kaur C, Rathnasamy G, Ling EA. The choroid plexus in healthy 
and diseased brain. J Neuropathol Exp Neurol. 2016;75(3):198–213. 
doi: 10.1093/jnen/nlv030
3. Serot JM, Foliguet B, Béné MC, Faure GC. Choroid plexus and 
ageing in rats: A morphometric and ultrastructural study. Eur J 
Neurosci. 2001;14(5):794–798. doi: 10.1046/j.0953–816x.2001.01693.x
4. Chen CP, Chen RL, Preston JE. The influence of ageing in the 
cerebrospinal fluid concentrations of proteins that are derived from the 
choroid plexus, brain, and plasma. Exp Gerontol. 2012;47(4):323–328.  
doi: 10.1016/j.exger.2012.01.008
5. Redzic ZB, Preston JE, Duncan JA, et al. The choroid plexus-
cerebrospinal fluid system: From development to aging. Curr Top 
Dev Biol. 2005;71:1–52. doi: 10.1016/S0070-2153(05)71001-2
6. Silverberg GD, Heit G, Huhn S, et al. The cerebrospinal fluid 
production rate is reduced in dementia of the Alzheimer’s type. 
Neurology. 2001;57(10):1763–1766. doi: 10.1212/wnl.57.10.1763
7. Pöschl E, Schlötzer-Schrehardt U, Brachvogel B, et al. Collagen IV 
is essential for basement membrane stability but dispensable for 
initiation of its assembly during early development. Development. 
2004;131(7):1619–1628. doi: 10.1242/dev.01037
8. Sufieva DA, Fedorova EA, Yakovlev VS, et al. 25-Year storage 
of human choroid plexus in methyl salicylate preserves its 

antigen immunoreactivity. Turk Patoloji Derg. 2023;39(2):109–116.  
doi: 10.5146/tjpath.2022.01581
9. Randles MJ, Humphries MJ, Lennon R. Proteomic definitions of 
basement membrane composition in health and disease. Matrix Biol. 
2017;57–58:12–28. doi: 10.1016/j.matbio.2016.08.006
10. Goodwin PC, Johnson B, Frevert CW. Microscopy, immuno-
histochemistry, digital imaging, and quantitative microscopy. 
In: Treuting PM, Dintzis SM, Montine KS, eds. Comparative 
anatomy and histology. London: Academic Press; 2017. P.  53–66.  
doi: 10.1016/b978-0-12-802900-8.00004-x
11. Krenacs L, Krenacs T, Stelkovics E, Raffeld  M.  Heat-induced 
antigen retrieval for immunohistochemical reactions in routinely 
processed paraffin sections. Methods Mol Biol. 2010;588:103–119. 
doi: 10.1007/978-1-59745-324-0_14
12. Yurchenco PD, Patton BL. Developmental and pathogenic 
mechanisms of basement membrane assembly. Curr Pharm Des. 
2009;15(12):1277–1294. doi: 10.2174/138161209787846766
13. Erickson AC, Couchman JR. Still more complexity in mammalian 
basement membranes. J Histochem Cytochem. 2000;48(10):1291–
1306. doi: 10.1177/002215540004801001
14. Sato Y, Kiyozumi D, Futaki S, et al. Ventricular-subventricular 
zone fractones are speckled basement membranes that function 
as a neural stem cell niche. Mol Biol Cell. 2019;30(1):56–68.  
doi: 10.1091/mbc.E18–05–0286
15. Zeisberg M, Kramer K, Sindhi N, et al. De-differentiation of primary 
human hepatocytes depends on the composition of specialized liver 



DOI: https://doi.org/10.17816/morph.630499

61
ORIGINAL STUDY ARTICLES MorphologyVol. 162 (1) 2024

basement membrane. Mol Cell Biochem. 2006;283(1–2):181–189. 
doi: 10.1007/s11010-006-2677-8
16. Thomsen MS, Routhe LJ, Moos  T.  The vascular basement 
membrane in the healthy and pathological brain. J Cereb Blood Flow 
Metab. 2017;37(10):3300–3317. doi: 10.1177/0271678X17722436
17. Xu L, Nirwane A, Yao Y. Basement membrane and blood-brain barrier. 
Stroke Vasc Neurol. 2018;4(2):78–82. doi: 10.1136/svn-2018-000198
18. Voronova OV, Milovanov AP, Mikhaleva LM. Integration 
approach to study placental vessels in preeclampsia. Clinical 
Experimental Morphology. 2022;11(3):30–44. (In Russ.). EDN: TVUIAF  
doi: 10.31088/CEM2022.11.3.30-44

19. Jarzembowski JA. Normal structure and function of the placenta. 
In: McManus LM, Mitchell RN, eds. Pathobiology of human disease: 
A dynamic encyclopedia of disease mechanisms. London: Academic 
Press; 2014. P. 2308–2321. doi: 10.1016/B978-0-12-386456–7.05001-2
20. Korzhevskiy DE, Otellin VA, Neokessariyskiy AA, et al. 
Organization and cytochemical features of barrier structures 
in human placenta. Morphology. 2006;129(3):63–64. (In  Russ.).  
EDN: KXHBQR
21. Korzhevskiy DE, Otellin VA. Structural bases of haematoliquor 
barrier formation in humans. Uspekhi fiziologicheskikh nauk. 
2002;33(4):43–52. (In Russ.). EDN: ZECKGH

СПИСОК ЛИТЕРАТУРЫ
1. Коржевский Д.Э.  Сосудистое сплетение головного мозга 
и  организация гематоликворного барьера у  человека // Реги-
онарное кровообращение и  микроциркуляция. 2003. Т.  2, № 1. 
С. 5–14. EDN: PCBHFJ
2. Kaur C., Rathnasamy G., Ling E.A. The choroid plexus in healthy 
and diseased brain // J Neuropathol Exp Neurol. 2016. Vol. 75, N3. 
P. 198–213. doi: 10.1093/jnen/nlv030
3. Serot J.M., Foliguet  B., Béné  M.C., Faure  G.C.  Choroid 
plexus and ageing in rats: A morphometric and ultrastructural 
study // Eur J Neurosci. 2001. Vol. 14, N5. P.  794–798.  
doi: 10.1046/j.0953-816x.2001.01693.x
4. Chen C.P., Chen R.L., Preston J.E. The influence of ageing in the 
cerebrospinal fluid concentrations of proteins that are derived from 
the choroid plexus, brain, and plasma // Exp Gerontol. 2012. Vol. 47, 
N4. P. 323–328. doi: 10.1016/j.exger.2012.01.008
5. Redzic Z.B., Preston J.E., Duncan J.A., et al. The choroid plexus-
cerebrospinal fluid system: From development to aging // Curr Top 
Dev Biol. 2005. Vol. 71. P. 1–52. doi: 10.1016/S0070-2153(05)71001-2
6. Silverberg G.D., Heit G., Huhn S., et al. The cerebrospinal fluid production 
rate is reduced in dementia of the Alzheimer’s type // Neurology. 2001. 
Vol. 57, N10. P. 1763–1766. doi: 10.1212/wnl.57.10.1763
7. Pöschl E., Schlötzer-Schrehardt U., Brachvogel  B., et al. 
Collagen IV is essential for basement membrane stability 
but dispensable for initiation of its assembly during early 
development // Development. 2004. Vol. 131, N7. P.  1619–1628.  
doi: 10.1242/dev.01037
8. Sufieva D.A., Fedorova E.A., Yakovlev V.S., et al. 25-Year storage 
of human choroid plexus in methyl salicylate preserves its antigen 
immunoreactivity // Turk Patoloji Derg. 2023. Vol. 39, N2. P. 109–116.  
doi: 10.5146/tjpath.2022.01581
9. Randles M.J., Humphries M.J., Lennon R. Proteomic definitions 
of basement membrane composition in health and disease // Matrix 
Biol. 2017. Vol. 57–58. P. 12–28. doi: 10.1016/j.matbio.2016.08.006
10. Goodwin P.C., Johnson  B., Frevert  C.W.  Microscopy, immuno-
histochemistry, digital imaging, and quantitative microscopy  // 
Treuting  P.M., Dintzis  S.M., Montine  K.S., eds. Comparative 
anatomy and histology. London: Academic Press, 2017. P.  53–66.  
doi: 10.1016/b978-0-12-802900-8.00004-x
11. Krenacs L., Krenacs  T., Stelkovics  E., Raffeld  M.  Heat-induced 
antigen retrieval for immunohistochemical reactions in routinely 

processed paraffin sections // Methods Mol Biol. 2010. Vol. 588. 
P. 103–119. doi: 10.1007/978-1-59745-324-0_14
12. Yurchenco P.D., Patton  B.L.  Developmental and 
pathogenic mechanisms of basement membrane 
assembly  // Curr Pharm Des. 2009. Vol. 15, N12. P.  1277–1294.  
doi: 10.2174/138161209787846766
13. Erickson A.C., Couchman J.R. Still more complexity in mammalian 
basement membranes // J Histochem Cytochem. 2000. Vol. 48, N10. 
P. 1291–1306. doi: 10.1177/002215540004801001
14. Sato Y., Kiyozumi D., Futaki S., et al. Ventricular-subventricular 
zone fractones are speckled basement membranes that function as 
a neural stem cell niche // Mol Biol Cell. 2019. Vol. 30, N1. P. 56–68. 
doi: 10.1091/mbc.E18-05-0286
15. Zeisberg M., Kramer  K., Sindhi  N., et al. De-differentiation 
of primary human hepatocytes depends on the composition of 
specialized liver basement membrane // Mol Cell Biochem. 2006. 
Vol. 283, N1–2. P. 181–189. doi: 10.1007/s11010-006-2677-8
16. Thomsen M.S., Routhe  L.J., Moos  T.  The vascular 
basement membrane in the healthy and pathological 
brain // J Cereb Blood Flow Metab. 2017. Vol. 37, N10. P. 3300–3317.  
doi: 10.1177/0271678X17722436
17. Xu L., Nirwane  A., Yao  Y.  Basement membrane and blood-
brain barrier // Stroke Vasc Neurol. 2018. Vol. 4, N2. P. 78–82. doi: 
10.1136/svn-2018–000198
18. Воронова О.В., Милованов А.П., Михалева Л.М. Интеграцион-
ный подход в исследовании сосудов плаценты при преэкламп-
сии // Клиническая и  экспериментальная морфология. 2022. 
Т. 11, № 3. С. 30–44. EDN: TVUIAF doi: 10.31088/CEM2022.11.3.30-44
19. Jarzembowski J.A.  Normal structure and function of the 
placenta // McManus L.M., Mitchell  R.N., eds. Pathobiology 
of human disease: A dynamic encyclopedia of disease 
mechanisms. London: Academic Press, 2014. P.  2308–2321.  
doi: 10.1016/B978-0-12-386456-7.05001-2
20. Коржевский Д.Э., Отеллин  В.А., Неокесарийский  А.А. и  др. 
Организация и цитохимические особенности барьерных структур 
плаценты человека // Морфология. 2006. Т.  129, № 3. С.  63–64. 
EDN: KXHBQR
21. Коржевский Д.Э., Отеллин В.А. Структурные основы станов-
ления гематоликворного барьера у  человека // Успехи физио-
логических наук. 2002. Т. 33, № 4. С. 43–52. EDN: ZECKGH



DOI: https://doi.org/10.17816/morph.630499

62
ОРИГИНАЛЬНЫЕ ИССЛЕДОВАНИЯ МорфологияТом 162, № 1, 2024

AUTHORS’ INFO ОБ АВТОРАХ   
* Olga V. Kirik, Cand. Sci. (Biology); 
address: 12 Academic Pavlov street, 197376 Saint Petersburg, 
Russia;  
ORCID: 0000-0001-6113-3948; 
eLibrary SPIN: 5725-8742; 
e-mail: olga_kirik@mail.ru

* Кирик Ольга Викторовна, канд. биол. наук; 
адрес: Россия, 197022, Санкт-Петербург, ул. Академика Павлова, 
д. 12;  
ORCID: 0000-0001-6113-3948; 
eLibrary SPIN: 5725-8742; 
e-mail: olga_kirik@mail.ru

Olga S. Alekseeva, Cand. Sci. (Biology); 
ORCID: 0000-0001-5688-347X; 
eLibrary SPIN: 4281-3091; 
e-mail: osa72@inbox.ru

Алексеева Ольга Сергеевна, канд. биол. наук; 
ORCID: 0000-0001-5688-347X; 
eLibrary SPIN: 4281-3091; 
e-mail: osa72@inbox.ru

Igor P. Grigorev, Cand. Sci. (Biology); 
ORCID: 0000-0002-3535-7638; 
eLibrary SPIN: 1306-4860; 
e-mail: ipg-iem@yandex.ru

Григорьев Игорь Павлович, канд. биол. наук; 
ORCID: 0000-0002-3535-7638; 
eLibrary SPIN: 1306-4860; 
e-mail: ipg-iem@yandex.ru

Elena A. Fedorova, Cand. Sci. (Biology); 
eLibrary SPIN: 5414-4122; 
e-mail: el-fedorova2014@ya.ru

Федорова Елена Анатольевна, канд. биол. наук; 
eLibrary SPIN: 5414-4122; 
e-mail: el-fedorova2014@ya.ru

Anastasiia A. Beketova; 
ORCID: 0009-0002-8659-733X; 
e-mail: beketova.anastasiya@yandex.ru

Бекетова Анастасия Алексеевна; 
ORCID: 0009-0002-8659-733X; 
e-mail: beketova.anastasiya@yandex.ru

Dmitrii E. Korzhevskii, MD, Dr. Sci. (Medicine),  
Professor of the Russian Academy of Sciences; 
ORCID: 0000-0002-2456-8165; 
eLibrary SPIN: 3252-3029; 
e-mail: dek2@yandex.ru

Коржевский Дмитрий Эдуардович, д-р мед. наук,  
профессор РАН; 
ORCID: 0000-0002-2456-8165; 
eLibrary SPIN: 3252-3029; 
e-mail: dek2@yandex.ru

* Сorresponding author / Автор, ответственный за переписку 

https://orcid.org/0000-0001-6113-3948
https://www.elibrary.ru/author_profile.asp?spin=5725-8742
mailto:olga_kirik@mail.ru
https://orcid.org/0000-0001-6113-3948
https://www.elibrary.ru/author_profile.asp?spin=5725-8742
mailto:olga_kirik@mail.ru
https://orcid.org/0000-0001-5688-347X
https://www.elibrary.ru/author_profile.asp?spin=4281-3091
mailto:osa72@inbox.ru
https://orcid.org/0000-0001-5688-347X
https://www.elibrary.ru/author_profile.asp?spin=4281-3091
mailto:osa72@inbox.ru
https://orcid.org/0000-0002-3535-7638
https://www.elibrary.ru/author_profile.asp?spin=1306-4860
mailto:ipg-iem@yandex.ru
https://orcid.org/0000-0002-3535-7638
https://www.elibrary.ru/author_profile.asp?spin=1306-4860
mailto:ipg-iem@yandex.ru
https://www.elibrary.ru/author_profile.asp?spin=5414-4122
mailto:el-fedorova2014@ya.ru
https://www.elibrary.ru/author_profile.asp?spin=5414-4122
mailto:el-fedorova2014@ya.ru
https://orcid.org/0009-0002-8659-733X
mailto:beketova.anastasiya@yandex.ru
https://orcid.org/0009-0002-8659-733X
mailto:beketova.anastasiya@yandex.ru
https://orcid.org/0000-0002-2456-8165
https://www.elibrary.ru/author_profile.asp?spin=3252-3029
mailto:dek2@yandex.ru
https://orcid.org/0000-0002-2456-8165
https://www.elibrary.ru/author_profile.asp?spin=3252-3029
mailto:dek2@yandex.ru

	Organization of the basement membranes  in the choroid plexus villi of the human brain
	Abstract
	To cite this article:
	Background
	Materials and methods
	Study design
	Study description
	Ethical review
	Statistical analysis

	Results
	Study participants
	Main study results

	Discussion
	Conclusions
	Additional information
	References
	Authors’ info

	Организация базальных мембран в ворсинках сосудистого сплетения головного мозга человека
	Аннотация
	Как цитировать:
	Дополнительная информация
	Список литературы
	Об авторах

	人脑血管丛绒毛中基底膜的组织结构
	摘要
	To cite this article:


