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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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AHHOTALMA

06ocHoBaHMe. CocyaucToe CrineTeHUe roOBHOTO MO3ra, ABNSACh MCTOYHUKOM LiepebpocnuHanbHONM KMAKOCTU (MMKBOpa)
1 OCHOBHBIM KOMMOHEHTOM JIMKBOpO3HLedanuueckoro bapbepa, 0becneynBaeT akTUBHbIA TPAHCMOPT TOMBKO HEOBX0AMMbIX
BELLECTB M NPensTCTBYET NPOHUKHOBEHMIO BPELHbIX BELLECTB, BKIIKOYas NPOBOCMa/UTENbHbIE MOIEKYSbI, NaTOreHbl U TOKCUHEI.
Ocobyto ponb B peanusaumm bapbepHbIX QYHKUMIA WrpaloT basanbHble MeMbpaHbl COCYAMCTOrO CM/IETEHWS, KOTOpble
MoACTWNAKT XOPUOMAANBHBIA SNUTENNIA U 3HAOTENUA KanuispoB W CAyXaT LOMOSHUTENbHBIM GUILTPOM AAS BELLECTB,
NMPOHWKAKLLMX M3 KPOBU B NMKBOP. [leTanbHblii aHanu3 Mopdonorniyeckon opraHusaumu basanbHblx MeMbpaH B BOPCUHKaX
COCYAMCTOr0 CMIETEHUS YESIOBEKA paHee He MPOBOAMICS.

Lenb uccnepoBaHMa — u3yueHue opraHu3aumu 6asasibHbiX MEMOpPaH B BOPCMHKAaX COCYAMCTOFO CMNIETEHWS KOHEYHOrO
MO3ra YesnoBeKa C UCMOMIb30BaHUEM MUMMYHOTUCTOXMMUYECKOTO BbISIBNIEHNS KosnareHa IV Tuna.

Matepuanbl u Metopbl. VccnegoBaHue BbIMOMHEHO HAa apxWMBHOM Matepuane COCYAMUCTOro CrfeTeHUs FOIOBHOMO MO3ra
yenoseka (n=10; Bo3pact 29-50 net) ¢ Ucnonb3oBaHMEM MMMYHOMMCTOXMMUYECKOTO METOAA BbisiBNeHUs KonnareHa IV tuna.
Pe3ynbTathl. IMMyHOrMCTOXMMMYECKAs peaKLms C UCMONb30BaHUEM aHTUTEN K KonnareHy IV Tvna nokasana pacnpenenexue
3T0ro 6enka B cybanuTennanbHon 061acTi U B CTPOME BOPCUHOK COCYAMCTOrO CryieTeHus. Bce MMMYHOMO3UTHBHBIE CTPYKTYpbI
MMENM YETKWE KOHTYPbI; peaKUms CO CTOPOHbI LMTOMNA3Mbl KNETOUHBIX 31EMEHTOB U HecrieuMbuyeckuit hoH OTCYTCTBOBANM.
KoHTaKTbl cybanuTenuanbHbiX M CybKanunnspHblx 6a3anbHbix MeMbpaH, MeYeHHbIX aHTUTenamu K KosnareHy IV Ttuna,
He 0BHapyKeHbI.

3akuiouenmne. B xope nccnefnoBaHusa nokasaHo, 4To 6asanbHble MeMOpaHbl BOPCMHOK COCYAMCTOTO CMNIETEHUS FONOBHOMO
MO3ra YenoBeKa B CybanuTennanbHoi 1 NepuBacKyApHOM 06nacTax MMEKT pasfMyHY0 OpraHu3aLmio, Mpy 3ToM 0bbeuHeHNs
cy63nuUTeNManbHOro M NEpUBACKYNIAPHOr0 KOMMOHEHTOB, COLepaLLmx KonnareH |V Tuna, Kak npaBunio, He NMPOUCXOLMT.

KnioueBble cnoBa: cocyaoucroe cnyieteHue; rosioBHOM Mo3r; KonnareH |V Tuna; yenosex.
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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-um-thick sections from paraffin blocks and mount them
on glass slides coated with HistoBond adhesive (Marienfeld,
Germany). Sections were stained with hematoxylin and
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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 immunchistochemical
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 magpnification, 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 magpnification, the capillaries of villi located near
the epithelial cover of the plexus were observed to form
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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

b

Fig. 1. Choroid plexus of the human brain: @ — immunohistochemical reaction to type IV collagen; b — negative control (without primary

antibody). Counter-staining with hematoxylin. Scale bar 50 pm.

Puc. 1. ®parMeHT cOCyAUCTOro CMIETEHMA FOSIOBHOTO MO3ra YesloBeKa: @ — WMMYHOTUCTOXMMUYECKAn peakums Ha Konnared IV Tuna;
b — oTpuuaTenbHbIA KOHTPOSb (663 nepBudHbIX aHTUTEN). [loKpacKa reMaToKcUiMHOM. MaclutabHbii 0Tpe3ok paBeH 50 MKM.

Fig. 2. Choroid plexus of the human brain: immunohistochemical
reaction to type IV collagen. Counter-staining with hematoxylin.
Puc. 2. Cocyauctoe crnneTeHue rofloBHOTO Mo3ra YesioBeKa: UM-
MYHOMUCTOXMMMYECKan peakums Ha KonnareH IV tuna. [lokpacka
reMaToKCUIIMHOM.

DOl https://doiorg/10.17816/morph 630499

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 pm; the asterisk indicates the lumen of the blood
vessel; 3 — villous epithelial cells. Immunohistochemical reaction
to type IV collagen. Counter-staining with hematoxylin.

Puc. 3. KpoeeHocHbI cocyn B cybanutenuanbHoi obnactu Bop-
CMHKM cocyamcToro crneteHus. CTpenkamu ykasaHbl cybanute-
NManbHas M cybaHaoTeNManbHas basanbHble MeMBpaHbl; oTpe-
30K MOKa3blBaeT paccTosiHMe Mexay 6a3anbHbiMM MeMbpaHamu
(1,78 MKM); 3BE3A04KOM OTMEYEH NPOCBET KPOBEHOCHOMO COCYAa;
3 — 3NUTENMOLMTBI BOPCUHKM. IMMYHOTMCTOXMMUYECKAS peaKums
Ha KonnareH IV Tuna. [Jokpacka reMaToKCUIMHOM.
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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 um), 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.

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; 3 — indicates villous epithelial cells. Immunohistochemical
reaction to type IV collagen. Counter-staining with hematoxylin.

Puc. 4. KposeHocHblit cocyp (Kanunnsp) B CTpOMe COCYAMCTOrO
CMNETeHMS: CTPESIKO yKa3aHa nepuBacKynsipHas KNeTka, ABOWHON
CTPEsKOi — MepuumT, 3BE3L04KONM OTMEYEH MPOCBET KPOBEHOC-
HOro cocyna; 3 — 3NUTENMOLMTLI BOPCUHKM. IMMYHOTMCTOXUMM-
yecKas peakums Ha KonnareH IV Tuna. [lokpacka reMaToKCUIMHOM.
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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 1V,
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.
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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.
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AOMO/THUTE/IbHASA UHOOPMALIUA

WUcTounuk dmHaHcupoBaHus. VccnenoBaHue BLIMOMHEHO B paM-
Kax rocynapcTeHHoro 3afaHus ®efepanbHoro rocyfapcTBeHHOMo
BIOIKETHOMO Hay4YHOMO YYpeXaeHNs «MHCTUTYT 3KCMepUMEHTabHOM
MeOULMHBI».

KoHdnukT uHTepecoB. ABTOpblI AeKNapupyIOT OTCYTCTBME SABHbIX
W NOTEHUMaNbHBIX KOH(IMKTOB MHTEPECOB, CBA3aHHBIX C Mybnnka-
LMeN HaCTOALLLEN CTaTbW.

Brnap aBTopoB. Bce aBTOpbI NOLTBEPX AT COOTBETCTBME CBOEID
aBTOPCTBA MeXAyHapoaHbIM KpuTepusaM ICMJE (Bce aBTopbl BHECN
CYLLLeCTBEHHBIM BKIA B Pa3paboTKy KOHLENLWM, NpoBefeHve mc-
CNeAoBaHUs U NOATOTOBKY CTaTby, MPOUM U 0A00pMAM GuHanbHyIo
Bepcuio nepep, nybnukaumen). Hanbonblumin BKNAA pacnpepenéH
cnenytowmm obpasom: 0.B. Kuprk — nogrotoBka Matepuwana, no-
CTaHOBKA MMMYHOTUCTOXMMUYECKUX PeaKLMI, aHann3 nomyyeHHbIX
npenapatos, 0630p NiMTepaTypbl, COOp W aHanM3 AuTepaTypHbIX UC-
TOYHUKOB, HanMcaHWe TeKCTa U pefakTMpoBaHue cTatby; 0.C. Anek-
ceeBa — MOArOTOBKA Matepuana, aHanu3 nosyyeHHbIX npenapa-
TOB, 0630p MTEPaTypbl, COOP M aHANM3 IUTEPaTYPHBIX MCTOUHMKOB,
HamucaHWe TeKCTa W pefakTvpoBaHue cTatbi; WM. Tpuropbes,
[1.3. KopxeBcKMIn — aHanu3 nonyyeHHbIX npenaparos, 063op -
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