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The aim of the study was to investigate vasa venarum of great saphenous vein and their endothelial pro-
liferation and to evaluate the modification of the microvessel density in case of atherosclerosis and associated dia-
betes mellitus.

Material and methods. The present study included nine venous fragments of human saphenous veins
collected from the patients whose lower limbs were amputated. The causes of the limb ablation were: trauma
(1 case) and atherosclerosis complicated with occlusion or thrombosis of the lower limbs arteries (8 cases). There
were two cases presenting associated diabetes mellitus among the eight cases of atherosclerosis. Formalin-fixed
tissues were paraffin embedded and cut into 3um transverse sections. The slides were stained by a double immu-
nostaining technique using the monoclonal antibodies anti-CD34 and anti-Ki67. The microvessel density was de-
termined by counting the vessels of three “hot spots” and represented by the average values of three “hot spot”
areas divided on the surface of high power field (0.0625 mm2). The endothelial cell proliferation index was calcu-
lated as the percentage of all nuclei of Ki67-stained endothelial cells that also co-expressed positive cytoplasmic
staining in CD34-positive cells.

Results. Vasa venarum of the examined segments of human great saphenous veins were found both in the
adventitia and the tunica media. In case of the traumatic injury of the lower limb the adventitial vasa venarum
were 4.5 times more numerous (299 vessels/mm?2) than those of great saphenous vein media (64 vessels/mm?2). In
case of associated metabolic disorders we found increased number of vasa venarum of saphenous vein media,
247+109 vessels/mm?2 and 253+51 vessels/mmz2, respectively. However, the adventitial microvessel density was
lower in case of atherosclerosis (151+23 vessels/mm?) and associated diabetes mellitus (125+3 vessels/mm?). The
endothelial cell proliferation index was between 20% and 25% in saphenous vein from the patient with the trau-
matic injury. Moreover, the proliferation index was higher, ranged between 25% and 30%, in saphenous vein from
the patients with metabolic disorders. In the adventitia and the media sprouting and non-sprouting angiogenesis
were observed.

Conclusions. Under normal conditions, the microcirculatory vessels predominate in the adventitia, but
under pathological conditions (atherosclerosis, diabetes mellitus) the microvessels of the media can exceed nu-
merically the microvessels of the adventitia. The vasa venarum of the tunica media can be located in its outer
layer. The Ki67-endothelial proliferation index can be higher (25—30%) in case of the atherosclerosis and associ-
ated diabetes mellitus than that in normal conditions (20—25%). The formation of the neovasa vasorum occur
through both sprouting and non-sprouting angiogenesis.

Key words: saphenous vein, vasa venarum, Ki-67 antigene, microvessels, endothelial cells, metabolic
diseases.

Vasa venarum moJjKo:KHbIX BEH HI?KHE KOHEUYHOCTH Y MAIlUeHTOB C HAPYIIEHUAMU
o0MeHa BelecrB
© A. benpnienux!, 1. Katepeniok'', A. P. Haysy2, M. Paukaz2, 2020
T'ocynapcTBeHHbIN MeIMIIMHCKUH 1 dhapManeBTHueckuil yausepeureT uM. H. Tecremunany, Kuniunes, Pecriybsinka Mososa
2MemuuuHCKUH 1 hapManeBTHUecKUuil yHuBepcureT uM. B. babema, Tumuinoapa, Pymsiaus

Iles1bI0 JTAHHOTO WCCIIENOBAHUs OBUIO M3yUeHUe vasa venarum OOJIbIIOH MOJTKOKHOW BEHBI HOTH, SHO-
TeJTNAJIbHOHN HposTrudepaIuy 1 OlleHKa N3MEHEHUs TUIOTHOCTH MUKPOCOCYZIOB IIPU aTePOCKJIEPO3€ U ACCOIIMHPO-
BaHHOM CaxapHOM Jiuabere.

Marepuas 1 MeTobl. VI13ydyeHo 9 GpparMeHTOB ITOIKOKHBIX BEH UeJIOBeKa, B3ATHIX Y MAIIEHTOB, KOTO-
PBIM aMIIyTHPOBAIN HIDKHHE KOHeuHOoCTH. [IprunHaMy amiryranyu O6butd: TpaBMa (1 cydai) U aTepocKyIepos,
OCJIO’KHEHHBIH OKKJIIO3HEH I TPOMOO30M apTepHil HIKHUX KOHeUHOCcTel (8 ciyuaeB). Cpenu cIydaeB aTepo-
CKJIepO3a 2 OBLIM aCCOIMMPOBAHBI C caxapHbIM AuaberoM. PUKCHpOBaHHBbIE (OPMAIMHOM TKAHH 3aJIUBAJIU B
napaduH 1 TOTOBUJIN CEPUIHBIE CPE3BI TOIIIMHON 3 MKM. [1oTydeHHbIe cpe3bl OKPAITUBAI METO/IOM JIBOMHOTO
MMMYHOOKDPAIITUBAHUSA C HCIIOJIb30BaHUEM MOHOKJIOHAIBHBIX aHTUTeJN aHTH-CD34 u anTu-Ki67. ILI0THOCTh MUK-
POCOCYZIOB OIpe/esIsiN IyTeM IO/IcYeTa cocyoB B Tpex «hot spots», cpesiHre 3HaUeHUsT KOTOPBIX ObUIH pasjie-
JIEHBI Ha MMOBEPXHOCTH TIOJISI BRICOKOH MOIIHOCTU paspelieHus (0.0625 Mm2). [TposudepaTBHBINA UHIEKC SH/IO-
TEJINAJIbHBIX KJIETOK PACCYUTHIBAIM B MPOIIEHTHOM OTHOIIEHUH KO BCeM OKpalleHHbIM Ki67 sapam sHAOTeTn-
QJIBHBIX KJIETOK, KOTOPBIE TAKXKE KO-5KCIIPECCHPOBAIN IIO3UTUBHOE IIUTOIIa3MaThuyecKoe okpamuBanue B CD34-
TIO3UTUBHBIX KJIETKAX.

PesyabTaThl. B nccienoBaHHbIX GparMeHTax OOJIBIINX MTOJIKOKHBIX BEH UeJIOBeKa, vasa venarum ObLTH
oOHapy»KeHbI B HApY»KHOH U cpefHeH o00osioukax. [Ipy TpaBMAaTHUECKOM IOBPEKIEHUN HIDKHEH KOHEYHOCTH
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aJIBEHTUIMAJIbHBIE Vasa venarum ObUTH B 4.5 pPa3a MHOTOUHCIeHHee (299 cOCyZI0B/MM?2), UeM B CpeHeH 060I04-
Ke OOJBINNX IOAKOXKHBIX BeH (64 cocyna/Mm2). B cyiydae COIyTCTBYIOIIUX METAOOJIMUECKUX HAPYIIEHUH OBLIO
0OHaApY’>KEHO yBeJIMYeHHe KOJIMYEeCTBA vasa venarum B cpefHeidl 000JI0YKe IIOAKOXKHOH BEHBI, 247+109 COCYy-
JIOB/MM?2 U 253+51 COCYZl/MM2 COOTBETCTBeHHO. OTHAKO, TP aTepockiepose (151+£23 cocyaa/MM2) U aCCOIIHPO-
BaHHOM caxapHoM jiuabere (125+3 cocya/MM?2) IIJIOTHOCTH 3/[BEHTUIIUAIBHBIX MUKPOCOCY/IOB ObLiIa HUKE YeM B
cpenHeir obosiouke. IIposmdepaTHBHBIA WHAEKC SHAOTEIHAIBHBIX KJIETOK B IOJKOXKHOW BeHe Yy TAaIllMeHTa C
TpaBMaTHYECKIMHU TOBPEXK/IEHUAMY COCTABIIAT 20%—25%, B TO BpeMsA KaK y IAINEHTOB ¢ HapyIIeHUAMHU oOMeHa
BelrecTB OBLJI BBIIIE B IaTIa30HE OT 25% 710 30%. B azgBeHTHIINN 11 Meiuy HAOJIIO/IATNCh KaK aHTHOTeHe3 IyTeM
ITOYKOBAHUA, «Sprouting», Tak MHBArMHAIIMOHHBIA «NoN-sprouting» aHTHOTeHe3.

BrIBOAbBI. B HOPMa/IBHBIX YCIOBUAX MUKDPOIIMPKYJIATOPHBIE COCYABI ITPe00Ia/laloT B a/IBEHTHIINH, a IIPU
MaTOJIOTHYECKUX COCTOSTHHSAX (aTepOCKIIepO3e, caxapHOM Jiabere) MUKPOCOCYABI CpeHEN 000I0UKH MOTYT YHC-
JIEHHO TIPEBOCXOANTH MUKDPOCOCY/IbI IBEHTHITNH. Vasa venarum cpegHel 000JI0UKH Yalie PaclosaralTcsa B ee
HapyXHOM cJoe. [IposmndepatuBHbIi HH/eKe sHA0TennA Ki67 Bhime (25-30%) B cydae aTepOCKJIepO3a U acco-
IIMUPOBAHHOTO CaXapHOro Auabera, YeM B HOPMAJIBHBIX YCIOBUAX (20—25%). OOpa3oBaHUe M POCT HOBBIX MHUK-

POCOCYZIOB, Neovasa vasorum, IPOMCXONT KaK IIyTeM «Sprouting», Tak u «non-sprouting» aHruoreHesa.

Karoueeawvle crosa: nodkoxcHasn eemvl, vasa venarum, Ki-67, muxpococyovt, 3H00menua bHvle KAemKu,

HapyuleHue obmeHa seujecms.
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Introduction

At the beginning of the twentieth century it
was admitted that the architecture of the vessel
wall is structurally dynamic and changes with the
growth and ageing. At birth, the intima of the
vessels consists of endothelial cells attached to an
underlying matrix, while the media comprises
lamellar units consisting of smooth vascular
muscle cells, connective tissue, and elastic fibers.
The collagen-rich adventitia includes fibroblasts,
perivascular nerves, pericytes, adipocytes, as well
as resident leukocyte populations [14].

From histological and functional points of
view, the circulatory system notably manifests
itself in specialized microcirculatory beds of or-
gans. This also refers to the walls of the veins,
which are characterized by a very well developed
nutritional system, "vasa venarum" [10].

An example of the practical significance of
vasa venarum for the integrity and patency of
vessels can be observed in the saphenous veins
used as grafts for coronary bypass. While collect-
ing saphenous vein, the connective tissue that
contains microvesels is often removed. This
manifests in venospasm [12], which can progress
into vein-graft disease and even vein-graft failure
[16]. In addition, vasa venarum play an impor-
tant role in vein relaxation, and any damage of
the microvessels during saphenous vein collect-
ing severely affects flow-induced vasodilation of
the graft [8].

Adventitial angiogenesis as a process acti-
vated during atherosclerosis, and increased in
vasa vasorum density is considered a response to
vessel wall thickening in atheromatous plaque
forms [15, 20]. While the thickness of the vessel
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wall is an important parameter that governs ne-
ovascularization, other stimuli, such as inflam-
mation, can trigger the formation of new vessels
[14].

Angiogenesis is a biological process charac-
terized by the formation of new blood vessels
from the pre-existing vasculature, which involve
the endothelial cell migration and proliferation,
lumen formation, and occasionally the recruit-
ment of smooth muscle cells and other adventi-
tial cells. [11]. Active participants in the angio-
genesis process are the endothelial cells, as well
as the components of the peripheral nervous sys-
tem. During the embryonic development periph-
eral nerves support the formation and differen-
tiation of blood vessels. Neuropeptide Y (NPY), a
neurotransmitter released from sympathetic
nerves, facilitates angiogenesis [15].

Intussusceptive angiogenesis is an in-
travascular process capable of modifying dra-
matically the structure of the microcirculation
[9]. Post-capillary venules have relatively thin
walls, which are particularly permissive to
sprouting angiogenesis. The wall shear stress in
the post-capillary venules together with bio-
chemical factors is capable of stimulating angio-
genesis [7].

The monoclonal antibody Ki-67 is a marker
strictly associated with cell proliferation because
it recognizes a nuclear antigen present in the Gi,
S, G2 and M phases of the cell cycle, but not in
the Go phase [1, 2]. For decades, Ki-67 protein
has been widely used as a proliferation marker
for human tumor cells. In recent studies, the
multiple molecular functions of this protein have
become better understood. Present in both inter-
phase and mitotic cells, its cellular distribution
undergoes dramatic changes during cell cycle
progression [17].

Evaluation of the immunohistochemical
expression of Ki-67 as a proliferative marker and
of CD34 as a marker of endothelial cells allows
studying the vascular proliferation in tumors [2,
4]. Microvessel density is a very useful parameter
in the evaluation of angiogenesis [2].

The aim of this study is to evaluate the vas-
cular proliferation in the saphenous veins in
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Table

Characteristics of patients

Diagnosis Male

Female

Traumatic injury. Crush syndrome 1
Atherosclerosis of the extremities 5
Atherosclerosis and diabites mellitus 1

correlation with certain clinicopathological pa-
rameters (age, associated metabolic disorders), as
well as the correlation between microvessel den-
sity and Ki67-endothelial proliferation index.

Material and methods

The present study included nine venous
fragments of the great saphenous veins collected
from the patients whose lower limbs were ampu-
tated. These patients were admitted to the Ti-
mofei Mosneaga Republican Clinical Hospital,
Chisinau, Republic of Moldova, between July
2018 — January 2019. The causes of limb ablation
were: trauma (1 case) and atherosclerosis compli-
cated with occlusion or thrombosis of the arteries
of the lower limbs (8 cases). There were two cases
with associated diabetes mellitus among the eight
cases with atherosclerosis. The patients®™ ages
ranged between 53 years and 77 years, the aver-
age value being 67.33+6.07 years.

The venous fragments were processed ac-
cording to the usual histological technique, fixed
in neutral 10% formalin, embedded in paraffin
and cut into 3 um transverse sections. The initial
sections were stained with hematoxylin-eosin for
histopathological changes, the subsequent sec-
tions were double immunohistochemically
stained using the anti-CD34 and anti-Ki67 mono-
clonal antibodies.

The immunostaining technique started
with the deparaffinization and rehydration of the
vein sections, followed with the blocking of en-
dogenous peroxidases using 3% hydrogen perox-
ide for 5 min. The next step was to apply the pri-
mary antibody on the slides for 30 min, then the
secondary antibody for 8 min. Bond Polymer Re-
fine Detection System (Leica Biosystems) was
used for visualisation. As chromogen 3.3 dia-
mino-benzidine dyhirochloride was applied and
hematoxylin was used for counterstaining. The
sections were dehydrated, clarified, mounted,
and observed under an optical microscope. The
entire immunohistochemical procedure was per-
formed with Leica Bond Max (Leica Biosystems,
Newcastle upon Tyne, UK) autostainer.

The microcirculatory vessels of the venous
wall were highlighted by immunostaining of the
endothelial cells with anti-CD34 monoclonal an-
tibody (QBEnd 10, Leica Biosystem Newecastle
Ltd, Newcastle Upon Tyne, UK) and with anti-
Ki67 antibody (MM1, Leica Biosystem Newcastle
Ty, UK). CD34 antigen was stained using an alka-
line phosphatase method (red), and Ki67 antigen
was stained wusing a streptavidin-biotin-
peroxidase (brown) method.

-

v W - : % o 4
Fig. 1. Numerous blood vessels of the adventitia of the
great saphenous vein from the patient without meta-
bolic disorders. Double immunostaining for CD34 and
Ki-67 (ob. 20, oc. 10).

The microvascular density of the immuno-
histochemically stained vessels with CD34 was
determined by counting the vessels of three "hot
spot" areas (areas with the highest number of
microvessels), previously defined under low
power (x100) magnification. Red-colored cells,
single or in nests, clearly separated from each
other, with or without lumen were considered
microvessels and were counted. The microvessels
were counted under x400 magnification, which
represents a field size of 0.0625 mmz2. The mi-
crovessel density represented the average of the
values of the three "hot spot" areas divided on the
surface of the high-power field (0.0625 mm?2).
The endothelial cell proliferation index was de-
termined under x400 magnification. The index
was calculated as the percentage of all nuclei of
Ki67-stained endothelial cells that also had co-
expressed positive cytoplasmic staining in CD34-
positive cells.

Results and discussion

As reference point we used the saphenous
vein from the patient with the limb ablation be-
cause of the crush syndrome and traumatic injury
of the left lower limb (see the table) who was
younger than all the other patients and had no
atherosclerosis or diabetes mellitus.

We have investigated the vascular architec-
ture pattern in the different layers of the venous
wall in correlation with associated metabolic dis-
orders, the microvessel density and the endothe-
lial cell proliferation index using double immu-
nochemistry with CD34 and Ki67.

The vasa venarum were found both in the
adventitia and in the tunica media, but their ar-
chitecture was different. In the patient without
metabolic disorders (fig.1) more numerous

11



Kypuan anamomuu u cucmonamonocuu. 2020, 9(1) ¢ Journal of Anatomy and Histopathology. 2020, 9(1)

Fig. 2. Vascular architecture pattern of the great Fig.3. Vascular architecture pattern of the great

saphenous vein from the patient with atherosclerosis saphenous vein from the patient with atherosclerosis

of the extremities. Numerous blood vessels of the of the extremities and associated diabetes mellitus.

media and adventitia of the great saphenous vein. Numerous blood vessels of the media and less

Double immunostaining for CD34 and Ki-67 (ob. 10, numerous of the adventitia of the great saphenous

oc. 10). vein. Double immunostaining for CD34 and Ki-67 (ob.
10, oc. 10).

Fig.4. Vessels of the adventitia (A) anof the media (B) of the great saphenous vein om the patient with
atherosclerosis of the extremities. Double immunostaining for CD34 and Ki-67 (ob. 40, oc. 10).

e 7 - ‘.'" 7 ‘ QU % B

Fig. 5. Vessels of the adventitia (A) and of the media (B) of the great saphenous vein from the patient with
atherosclerosis of the extremities and associated diabetes mellitus. Double immunostaining for CD34 and Ki-67
(ob. 40, oc. 10).
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vessel/mm2

Ccs ATS ATS&DM

& Media O Adventitia

Fig. 6. Microvessel density (vessel/mm?2) of the media
and adventitia of the great saphenous vein in
correlation with clinicopathological parameters.
CS — crush syndrome, ATS — atherosclerosis, ATS&DM
— atherosclerosis and diabetes mellitus.

ATS ATS&DM
8 Media O Adwentitia

Fig. 8. Endothelial cells proliferating index (%) of the
media and adventitia of the great saphenous vein in
correlation with clinicopathological parameters.

microvessels were located in the adventitia, how-
ever in the patients with metabolic disorders
more numerous microvessels were found in the
tunica media (fig. 2, 3).

The microvessels of the adventitia had a
large lumen and were surrounded by their own
thick media, but the vessels of the tunica media,
arranged between smooth vascular muscle cells,
were elongated with or without lumen, lined with
endothelial cells with or without proliferation. In
all the cases included in our study the non-
proliferating microvessels predominated
(fig. 4, 5).

In case of the traumatic injury of the lower
limb the adventitial vasa venarum were 4.5 times
more numerous (299 vessels/mmz2) than those of
the media of the great saphenous vein (64 ves-
sels/mm?2). In case of the associated metabolic
disorders we found increased numbers of the
vasa venarum of the media of the saphenous
vein: 247+109 vessels/mm2 in case of the athero-
sclerosis and 253+51 vessels/mmz2 in case of the
associated diabetes mellitus, respectively (fig. 6).

However, the adventitial microvessel den-
sity was lower in case of the atherosclerosis
(151£23 vessels/mm?2) and associated diabetes
mellitus (125+3 vessels/mm?2).

20 um

~ G
Fig. 7. Double immunostaining for CD34 (red) and
Ki-67 (brown). Proliferating endothelial cells in the
media of the great saphenous vein. Ki-67—positive
endothelial nuclei (arrows). Ob. 100, oc. 10.

In the adventitia and media sprouting and
non-sprouting (intussusceptive) angiogenesis
were observed (fig. 7).

The endothelial cell proliferation index was
between 20 and 25% in the saphenous vein from
the patient with traumatic injury. However, the
proliferation index was higher, ranged between
25 and 28%, in the saphenous vein from the pa-
tients with atherosclerosis and 25 and 30% in the
saphenous veins from the patient with associated
diabetes mellitus (fig. 8).

The vasa venarum in the vein wall corre-
sponds to the nutritive microvessels of the arte-
rial wall, the vasa vasorum [10]. The vasa vena-
rum penetrate the adventitia of the great
saphenous vein every 0.5—-1.5 cm [6]. The micro-
circulatory arteries originate from the arteries
supplying the subcutaneous adipose tissue, and
veins usually drain into the terminal segments of
the largest tributaries [6].

The feeding artery at the surface of the ad-
ventitia branches into first-order arterioles (A1)
running parallel to the longitudinal axis of the
great saphenous vein. The first-order arterioles
branch off second-order arterioles (A2), running
circumferentially to the
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longitudinal axis of the great saphenous vein. The
second-order arterioles continue into the media
where they form a rich capillary network [5 11].
The capillary network change into postcapillary
venules that are much more numerous than the
arterioles and are noted with V4-V1 depending
on their location and luminal diameter [5]. The
tunica media of the saphenous vein consists of
two structurally different layers: an inner loose
layer and an outer dense layer, both of similar
thickness. The innermost capillaries of the vasa
venarum network reach the border between the
two layers of the media [6, 18], a fact observed in
most of the patients included in our study.

The diffusion distance is limited by 100 um
and the microvessels are responsible for the
transport of oxygen and nutrients to the adventi-
tia, and through diffusion to the media. The in-
tima is usually fed by diffusion from the lumen of
the vessel [11]. The thickness of the adventitia of
the great saphenous vein is about 2—3 pm, the
tunica media about 500—300 um, and the intima
about 200 pum. It means that total thickness of
the wall of the great saphenous vein is at least
700 um. In this way, vasa venarum of the great
saphenous vein penetrate deep into the tunica
media [5, 19]. In our study the microcirculatory
vessels were observed both in the adventitia and
the media. In the tunica media the microvessels
were predominantly located in its outer layer.

According to Dreifaldt M, 2011 [3], the
density of vasa venarum of the adventitia
(94.5+24.7) is twice higher than of the media of
the great saphenous vein (48.0+13.9). In our
study, the adventitial microvessel density was 4.5
times higher than those of the media of the great
saphenous vein from the patient with the trau-
matic injury. In patients with metabolic disorders
(atherosclerosis, diabetes mellitus) the microves-
sel density of the media was higher than that of
the adventitia of the great saphenous vein.

Vasa vasorum angiogenesis is associated
with a decrease in mean diameter of the first-
order vasa vasorum and an increase in density of
the second-order vasa vasorum in animals fed on
a hypercholesterolemic diet for 6—12 weeks [11].
The microvessel density of the media of the great
saphenous vein from the patients with diabetes
mellitus was higher compared with the microves-
sel density in the patient with the traumatic abla-
tion of the limb.

Conclusions

To summarize the above-mentioned, we
can conclude that the increased microvessel den-
sity of the media of the great saphenous vein can
be influenced by atherosclerosis and diabetes
mellitus. Vasa venarum of the tunica media are
mostly located in its outer layer. Under normal
conditions, the microcirculatory vessels pre-
dominate in the adventitia, but under pathologi-
cal conditions (atherosclerosis, diabetes mellitus)
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the microvessels of the media can exceed numeri-
cally the microvessels of the adventitia. The Ki67-
endothelial proliferation index can be higher
(25—30%) in case of atherosclerosis and associ-
ated diabetes mellitus than that in normal condi-
tion (20—25%). The formation of neovasa
vasorum occurs through both sprouting and non-
sprouting angiogenesis.
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