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Abstract
Background. In chronic periodontitis (CP) the proliferation of gingival blood vessels is accompanied by qualitative 
alterations in microvessels, including the development of high endothelial venules (HEVs). Alterations in antigen 
expression of high endothelial cells (HECs) may be responsible for chronic periodontal inflammation. 
Objectives. This study aimed at analyzing the cellular expression of vascular markers – CD34, PECAM-1 (CD31), 
endoglin, ICAM-1, collagen IV and laminin – in the gingiva of CP patients, and investigating correlations between 
the expression of these markers and selected clinical data. 
Material and Methods. The tissue material was obtained during open curettage and gingivectomy performed on 
40 patients with CP, after the hygienization stage of periodontal treatment. The gingival samples were taken from 
the vicinity of various teeth and manifested various degrees of connective tissue attachment loss (CAL values). The 
ABC technique and the spatial visualization technique were used for quantitative analysis. 
Results. A proliferation of gingival blood vessels was noted in the tissues from patients with CP, as opposed to 
the control group, including the presence of numerous HEVs. The most pronounced expression within the HEVs 
involved CD31, CD34 and laminin. Additionally, in these vessels a positive correlation was found between the 
expression of endoglin and the expression of ICAM-1. In HEVs the expression of CD34, endoglin, ICAM-1 and 
collagen IV was significantly higher than in ordinary gingival blood vessels. In the CP patients the expression of 
CD34 correlated with increased gingival grading. No significant differences in the expression of any vascular mark-
ers were found to be related to the CAL value. 
Conclusions. CD34 and PECAM-1 (CD31) seem to play a significant role in the adhesion and migration of leu-
kocytes through gingival HEVs. The high expression of laminin in HEC basement membranes seems to confirm 
role of the protein in the formation of gingival blood vessels in CP. The direct relationship between the expression 
of CD34 and grading may indicate that CD34 plays a role in the persistence of chronic inflammation in the peri-
odontium (Adv Clin Exp Med 2011, 20, 3, 275–284).

Key words: chronic periodontitis, high endothelium venules (HEVs), immunocytochemistry, spatial visualization 
technique.

Streszczenie
Wprowadzenie. W przewlekłym zapaleniu przyzębia (CP) rozplemowi naczyń krwionośnych dziąsła towarzyszą zmia-
ny jakościowe mikronaczyń, w tym powstawanie żyłek z wysokim śródbłonkiem (HEVs). Zmiany w ekspresji antygenów 
komórek wysokiego śródbłonka (HECs) mogą odpowiadać za utrzymywanie się stanu zapalnego przyzębia. 
Cel pracy. Analiza komórkowej ekspresji markerów naczyniowych: CD34, PECAM-1 (CD31), endoglin (CD105), ICAM-1 
(CD54), kolagenu IV i lamininy w dziąsłach pacjentów z CP oraz jej korelacji z wybranymi danymi klinicznymi. 
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Chronic periodontitis (CP) is the most frequent 
form of periodontitis. The etiology involves bacte-
rial and/or viral infection. The disease develops 
with progressive loss of connective tissue attach-
ment in the gingiva and with loss of bone. It is one 
of the most frequent causes of dental loss in adult 
individuals [1, 2]. The qualitative and quantitative 
vascular alterations that accompany CP have been 
described both in animals [3] and in humans [4, 5]. 
Changes in the number of blood vessels have been 
compared between treated and untreated gingivitis 
[4, 6] and in untreated advanced chronic periodon-
titis [5]. A relationship has been demonstrated be-
tween increasing number of gingival blood vessels 
and the progression of CP [7, 8]. It has been found 
that in CP, the number of blood vessels first in-
creases directly under the gingival epithelium and/
or periodontal pocket [4]. The quantitative vascu-
lar alterations have been demonstrated to be ac-
companied by qualitative changes, mainly involv-
ing a widened basement membrane of capillaries 
and venules [5, 9, 10] and the appearance of high 
endothelial postcapillary venules (HEVs). Mor-
phologically the blood vessels resemble the HEVs 
present in lymphatic organs and were therefore 
termed HEV-like venules [11]. HEV-like venules 
were concluded to represent sites of migration 
and lymphocyte recirculation in the inflamed peri-
odontal tissues. No such blood vessels have been 
noted in healthy gingiva and their appearance is 
associated with progression of tissue inflammation 
[11]. Morphometric studies by Hunter et al. accu-
rately estimated the diameter of proliferating gingi-
val blood vessels at ≥ 25 μm [5]. Those authors also 
localized the site of vascular proliferation in the 
nearest vicinity of the periodontal pocket epitheli-
um [5]. Hunter et al. did not use the term HEV-like 
vessels, but they detected a thickening of endothe-
lial basement membranes with an accumulation of 
structural proteins, i.e. collagen IV and laminin. In 

addition, they found depositions of extracellular 
matrix proteins outside of the blood vessels (re-
sidual vascular basement membrane) [5]. 

The blood supply to the gingiva plays a princi-
pal role in the degradation of periodontal tissues, 
fully justifying the affiliation of CP to the vasculo-
proliferative diseases [7, 12]. The excessive prolif-
eration of blood vessels might promote the produc-
tion of perivascular hyaline material, which would 
inhibit the migration of neutrophils (which play 
a protective role in periodontal diseases) through 
the walls of capillaries [7, 9, 10]. The morphology 
of HEV-type blood vessels in the gingiva of CP 
patients has been described in several articles [7, 
8, 11, 14, 15]. recent years have brought discov-
eries related to the molecular aspects of lympho-
cyte extravasation in HEVs, interaction between 
HEV cells and lymphocytes, and the expression of 
numerous genes typical of high endothelial cells 
(HECs) [16–19]. The mechanisms of HEC plastic-
ity, particularly in chronic periodontitis, and the 
role of many of these cells’ antigenic proteins still 
remain unclear [20, 21]. The present study aimed 
at analyzing the cellular expression of selected en-
dothelial cell antigenic markers (membrane and 
cytoplasmic markers) and markers of the vascular 
endothelium basement membrane, with particular 
attention to venules with high endothelium (HEV, 
HEV-like) in patients with chronic periodontitis. 

Material and Methods
The study involved 40 patients (23 women and 

17 men, mean age: 43 ± 11 years) with chronic 
periodontitis. gingival samples (n = 61) from all 
patients were isolated using a scalpel from vari-
ous sextants, from the vicinity of various maxil-
lary and mandibular teeth in the course of flap 
operations following successful completion of the 

Materiał i metody. Materiał tkankowy uzyskano podczas zabiegu kiretażu otwartego z gingiwektomią u 40 pacjen-
tów z CP, po przeprowadzeniu fazy higienizacyjnej leczenia periodontologicznego. Badano fragmenty dziąsła 
z okolicy różnych zębów i o różnych wartościach utraty przyczepu łącznotkankowego (CAL). Zastosowano metodę 
ABC oraz technikę wizualizacji przestrzennej do analizy ilościowej.
Wyniki. U pacjentów z CP wykazano rozplem naczyń krwionośnych dziąsła, w tym obecność licznych HEVs. 
Największa ekspresja w obrębie dziąsłowych HEVs dotyczyła CD31, CD34 i lamininy. Dodatkowo w tych naczy-
niach obserwowano pozytywną korelację między ekspresją endogliny i ICAM-1. Istotnie większa ekspresja w HEVs 
w porównaniu ze zwykłymi naczyniami dziąsła dotyczyła: CD34, endogliny, ICAM-1 i kolagenu IV. Ekspresja czą-
steczki CD34 korelowała ze zwiększeniem aktywności zapalnej (grading) w dziąsłach pacjentów z CP. Nie wykazano 
istotnych różnic w ekspresji żadnego z markerów naczyniowych w zależności od wartości parametru CAL. 
Wnioski. Istotną rolę w adhezji i migracji leukocytów przez dziąsłowe HEVs wydają się odgrywać CD34 i PECAM 1 
(CD31). Duża ekspresja lamininy w błonach podstawnych HEC może potwierdzać rolę tego białka przede wszyst-
kim w formowaniu nowych naczyń dziąsła w CP. Wprost proporcjonalna zależność między ekspresją CD34 i gra-
ding wskazuje na rolę tego antygenu w utrzymywaniu się przewlekłego procesu zapalnego w przyzębiu (Adv Clin 
Exp Med 2011, 20, 3, 275–284). 

Słowa kluczowe: przewlekłe zapalenie przyzębia, żyłki z wysokim śródbłonkiem (HEVs), immunocytochemia, 
technika wizualizacji przestrzennej.
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hygienization phase of periodontal treatment (Ap-
proximated Plaque Index < 15%). In every patient 
1–4 fragments of periodontal tissues were sampled 
from the vicinity of various teeth with various val-
ues of clinical attachment level/loss (CAL): CAL I  
– ≤ 3 mm, CAL II – 4–6 mm, CAL III – ≥ 7 mm. 
The control material (negative control, C1) in-
cluded gingival samples isolated from 15 patients 
with clinically healthy periodontia. The positive 
control (C2) for HEV type blood vessels consisted 
of reactive lymph node samples (n = 7) for verifica-
tion of the quality of the applied antibodies; these 
samples were not subjected to statistical analysis. 
The tissue material was fixed for 24 hours in 4% 
buffered formalin and then embedded in paraffin. 
Serial 5 µm thick sections were deposited onto Su-
perFrost/Plus glass microscope slides. A standard 
ABC technique (streptavidin-biotinylated peroxi-
dase, described in detail in other papers [22, 23]) 
was used for the detection and examination of the 
cellular localization of all the antigens. The ABC 
method was conducted using monoclonal mouse 
antibodies specific for the examined proteins and 
in optimal dilutions: CD34 (1 : 50), PECAM-1 
(1:50), ICAM-1 (1 : 50), collagen IV (1 : 100), lami-
nin (1 : 50) (all MAbs from DAKo), endoglin (1 : 
100) (Novocastra Labs).

Morphometric Analysis
The preparations were examined at ×400 mag-

nification under a light microscope (olympus BH-2) 
with a built-in digital camera. Color microscope im-
ages were recorded and archived at an objective mag-
nification of 40× (at least 10 fields of every prepara-
tion with an immunocytochemical reaction for the 
presence of a given marker, with at least 5 fields with 
HEVs and 5 fields with ordinary blood vessels) us-
ing the method programmed by Strzelczyk in C++ 
language for spatial marker visualization in micro-
scope images, worked out and implemented in A4D 
computer software [24]. This software allowed an 
estimation of the end mean surface area of the im-
munocytochemical reaction for a specific marker per 
area of blood vessel wall (in pixels and μm2) for every 
patient and for the entire group of patients, which 
was also calculated in percentages (%). 

Statistical analysis
At the first stage of the statistical analysis the 

compatibility of all the obtained results with gauss-
ian distribution was verified using the Shapiro-Wilk 
test. Levene’s test demonstrated the equality of vari-
ances for the three first parameters, so comparisons 
employed the t test. Subsequently, the parameters 
of descriptive statistics were calculated (arithmetic 

mean, standard deviation, median value, minimum 
and maximum values). The results of the morpho-
metric data were compared between the studied 
subgroups (CP and C1) (independent samples) us-
ing the Mann-Whitney test. In cases of dependent 
functions Wilcoxon’s test was applied. Spearman’s 
rank correlation was applied to correlate the values 
of variables. The non-parametric test Kruskal-Wal-
lis test was used in group CP to compare the expres-
sion of individual markers in relation to the CAL 
value. relationships or differences with a p-value  
≤ 0.05 were regarded as significant. Statistica PL 
v. 8.0 software was used for the statistical analysis.

Results
The Cellular Localization  
of Endothelial Cell (EC) 
Antigens in Patients  
with Chronic Periodontitis
Membrane Markers:  
CD34 and PECAM-1 (CD31)
As a rule, in patients with CP intense mem-

brane expression of CD34 molecule was noted, 
which was more pronounced in the apical portion 
of EC membranes in almost all the blood vessels 
in the evaluated gingival sample, independently of 
the type and diameter of the blood vessel, including 
HEVs (Fig. 1A). Expression of Platelet Endothe-
lial Cell Adhesion Molecule-1 (PECAM-1, CD31) 
was manifested both in cell membranes of ECs in 
HEVs and in ordinary gingival blood vessels, and 
it was particularly pronounced on their luminal 
surfaces (Fig. 1B). CD31 expression was also ob-
served on the cell membranes of few lymphocytes, 
macrophages/monocytes, blood platelets and indi-
vidual neutrophils within inflammatory infiltrates 
in the lamina propria (Fig. 1B).

Membrane and Cytoplasmic Markers: 
Endoglin (CD105) and ICAM-1 (CD54)
Cellular expression of CD105 in CP patients 

mainly involved the cytoplasm of ECs in HEVs and 
in ordinary gingival blood vessels (Fig. 1C). The im-
munocytochemical reaction for ICAM-1 was local-
ized in the cytoplasm and cell membranes of ECs 
independently of the morphological structure of the 
gingival blood vessel. Less frequently, expression of 
the marker was present in inflammatory cells. 

Basement Membrane Antigens: 
Collagen IV and Laminin
Expression of collagen IV was present mainly 

in the basement membrane of ECs in all types of 
gingival blood vessels. Individual newly formed 
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Fig. 1. Localization of high endothelial cells markers in postcapillary venules (HEVs) of gingiva in chronic periodon-
titis: (A) CD34; (B) CD31; (C) endoglin; (D) laminin, ABC technique, hematoxylin counterstained, objective magnifi-
cation ×40

Ryc. 1. Umiejscowienie markerów komórek wysokiego śródbłonka żyłek pozawłosowatych (HEVs) dziąsła 
w przewlekłym zapaleniu przyzębia: (A) CD34; (B) CD31; (C) endoglina; (D) laminina, technika ABC, podbarwienie 
hematoksyliną, pow. obiektywu 40×

A

C

B

D

cells and very infrequent fibrillary structures with 
a positive reaction were found throughout the 
lamina propria. In CP patients gingival expression 
of laminin was very evident in the basement mem-
branes of ECs (Fig. 1D). 

Cellular Localization of EC  
Antigens in the Gingiva of Patients  
in the Control Group (C1)
In the C1 group only individual HEV-type 

blood vessels were demonstrated in two out of 
15 patients. In ordinary blood vessels, typical cel-
lular localization of all the studied markers was 
found. Examination of vascular antigen expres-
sion in the HEVs of reactive lymph nodes (the 
C2 group) confirmed the presence of the HEV 
marker. The presence of CD34 (usually a strong 
reaction) and of CD31 (a variable reaction) was 
observed in vascular endothelium cells in every 
case of reactive lymph nodes (Fig. 2A). The pres-
ence of endoglin and ICAM-1 was demonstrated 
in HECs and sometimes in the cytoplasm of indi-

vidual lymphocytes or monocytes/macrophages 
in organ parenchyma. Expression of collagen IV 
and laminin usually involved the entire circum-
ference of the HEC basement membranes. In-
dividual or evident fibrillary structures and/or 
reticulum cells with positive reactions were also 
noted (Fig. 2B). 

Comparison of Vascular Marker 
Expression in HEVs and in Ordinary 
Gingival ECs in CP Patients
Expression of four of the studied vascular 

markers – CD34, endoglin, ICAM-1 and collagen 
type IV – was significantly elevated in HEVs as 
compared to ordinary gingival ECs (Table 1). 

Comparison of Reciprocal Vascular 
Marker Expression in HEVs  
of Patients with CP
The highest cellular expression observed was 

of laminin, followed by two membrane markers: 
CD31 and CD34 (Table 2). 
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Comparison of Vascular Marker 
Expression in the CP Group  
and the Negative Control (C1)
The gingiva of the C1 group contained only 

individual HEV-type blood vessels in two out of 
15 patients. It was therefore decided to compare 
the total expression of vascular markers between 
the two groups of patients. In CP patients a signifi-
cantly higher total expression of four markers was 
noted, as compared to the control group: CD34, 

CD31, endoglin and ICAM-1. The total expres-
sion of collagen type IV and laminin proved to be 
quantitatively comparable (Table 3). 

Correlations of Reciprocal Marker 
Expression in HEV Blood Vessels 
in Patients with CP

In HEV-type blood vessels a direct relationship 
was found between the expression of CD34 and the 

Table 1. Comparison of antigen expression in venules with high endothelium (HEVs) and in ordinary gingival blood vessels 
in patients with chronic periodontitis 

Tabela 1. Porównanie ekspresji antygenów w żyłkach z wysokim śródbłonkiem (HEVs) i zwykłych naczyniach 
krwionośnych dziąsła pacjentów z przewlekłym zapaleniem przyzębia.

Marker
(% of reaction)

Type of blood vessel
(rodzaj naczynia 
krwionośnego)

n Mean value
(Średnia)

Min. Max. SD p

CD34 HEV
ordinary

57
57

3.42
2.65

0.00
0.00

 7.61
 6.26

1.61
1.19

0.001

PECAM-1 
(CD31)

HEV
ordinary

25
26

4.58
3.94

0.16
0.42

13.07
13.56

3.72
3.31

0.716

Endoglin 
(CD105)

HEV
ordinary

61
61

1.64
1.14

0.00
0.00

 6.41
 6.10

1.61
1.32

0.001

ICAM-1 
(CD54)

HEV
ordinary

26
25

1.75
1,05

0.00
0.00

 6.39
 3.63

1.38
0.91

0.002

Collagen IV
(Kolagen IV)

HEV
ordinary

61
61

1.38
0.61

0.03
0.00

10.49
 5.87

1.76
1.00

0.001

Laminin 
(Laminina)

HEV
ordinary

35
35

4.60
3.74

0.00
0.25

15.44
24.29

4.00
3.99

0.080

n – number of gingival slides with positive immunocytochemical 
reaction. 
SD – standard deviation. 
p – level of significance. 

Fig. 2. Localization of high endothelial cells markers in postcapillary venules (HEVs) of reactive lymph nodes: 
(A) CD34; (B) laminin, ABC technique, hematoxylin counterstained, objective magnification ×40

Ryc. 2. Umiejscowienie markerów komórek wysokiego śródbłonka żyłek pozawłosowatych (HEVs) w odczynowych 
węzłach chłonnych (grupa C2): (A) CD34; (B) laminina, technika ABC, podbarwienie hematoksyliną, pow. obiektywu 40×

A B

n – liczba wycinków z dziąsła z pozytywną reakcją 
immunocytochemiczną. 
SD – odchylenie standardowe. 
p – istotność statystyczna. 
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Table 2. Cellular expression (% of reaction) of vascular markers in HEVs of patients with chronic periodontitis 

Tabela 2. Komórkowa ekspresja (% reakcji) markerów naczyniowych w HEVs u pacjentów z przewlekłym zapaleniem 
przyzębia

Marker
(Antygen)

Mean expression in HEV ±SD
(Średnia ekspresja w HEV 
±SD)

Marker
(Antygen)

Mean expression in HEV ±SD
(Średnia ekspresja w HEV 
±SD)

p

CD34 3.42 ± 1.61 PECAM-1
endoglin
ICAM-1
collagen IV
laminin

4.58 ± 3.72
1.64 ± 1.61
1.75 ± 1.38
1.38 ± 1.76
4.60 ± 4.00

0.670
0.001
0.001
0.001
0.121

PECAM-1 4.58 ± 3.72 endoglin
ICAM-1
collagen IV
laminin

1.64 ± 1.61
1.75 ± 1.38
1.38 ± 1.76
4.60 ± 4.00

0.014
0.001
0.003
0.421

Endoglin 
(Endoglina)

1.64 ± 1.61 ICAM-1
collagen IV
laminin

1.75 ± 1.38
1.38 ± 1.76
4.60 ± 4.00

0.116
0.209
0.001

ICAM-1 1.75 ± 1.38 collagen IV
laminin

1.38 ± 1.76
4.60 ± 4.00

0.581
0.006

Collagen IV
(Kolagen IV)

1.38 ± 1.76 laminin 4.60 ± 4.00 0.002

SD – standard deviation. 
p – level of significance.  

SD – odchylenie standardowe. 
p – istotność statystyczna. 

Table 3. The expression (% of reaction) of vascular markers in gingival blood vessels of patients with chronic periodontitis 
(CP) and in patients with “healthy” periodontia (C1)

Tabela 3. Ekspresja markerów naczyniowych (% reakcji) w naczyniach krwionośnych dziąsła pacjentów z przewlekłym 
zapaleniem przyzębia (CP) i ze „zdrowym” przyzębiem (C1)

Marker
(Antygen)

Type of blood vessel
(rodzaj naczynia 
krwionośnego)

CP C1 p

CD34 HEV
ordinary
∑ HEV and ordinary

3.42 ± 1.61
2.65 ± 1.19
6.07 ± 2.60

0.21 ± 0.36
3.08 ± 1.81
3.12 ± 1.76

–*
0.479
0.001

PECAM-1 HEV
ordinary
∑ HEV and ordinary

4.58 ± 3.72
3.94 ± 3.31
8.34 ± 6.58

1.33 ± 1.88
1.24 ± 0.75
1.68 ± 1.47

–*
0.019
0.002

Endoglin HEV
ordinary
∑ HEV and ordinary

1.64 ± 1.61
1.14 ± 1.32
2.78 ± 2.61

0.58±1.16
0.42 ± 0.87
0.57 ± 1.04

0.039
0.002
0.001

ICAM-1 HEV
ordinary
∑ HEV and ordinary

1.75 ± 1.38
1.05 ± 0.91
2.76 ± 1.95

0.47 ± 0.67
0.58 ± 0.52
0.74 ± 0.53

–*
0.227
0.007

Collagen IV HEV
ordinary
∑ HEV and ordinary

1.38 ± 1.76
0.61 ± 1.00
1.69 ± 2.04

0.00
0.89 ± 0.82
0.75 ± 0.69

–*
0.174
0.187

Laminin HEV
ordinary
∑ HEV and ordinary

4.60 ± 4.00
3.74 ± 3.99
8.34 ± 5.83

1.50 ± 2.12
3.98 ± 3.86
4.41 ± 3.69

–*
1.000
0.079

SD – standard deviation. 
p – level of significance. 
∑ – sum. 
* The numerical value of one of the compared groups was insuf-
ficient for statistical appraisal.

SD – odchylenie standardowe. 
p – istotność statystyczna. 
∑ – suma. 
* Za mała liczebność jednej z porównywanych grup do 
wnioskowania statystycznego.
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expression of endoglin, ICAM-1 and collagen IV. 
The positive correlation between the expression of 
the two membrane-cytoplasmic markers, endoglin 
and ICAM-1, is worth noting (Table 4). 

Correlations Between Vascular 
Marker Expression and Selected 
Clinical Indices (Grading, CAL)
The increase in inflammatory activity in the 

gingiva of CP patients was associated only with 
an increase in the expression of the CD34 antigen 
(Table 5). No significant correlations were found 
between the expression of vascular markers in 
periodontal HEVs in CP patients and the CAL val-
ues (Table 6).

Discussion
The authors’ earlier investigations demonstrat-

ed high numbers of venules with high endothelium 
(HEV, HEV-like) in gingiva of patients with CP 
[15]. Detailed descriptions of gingival HEV mor-
phology can also be found in the literature [7, 8, 11, 
13, 14]. HEV-type blood vessels in chronic perio-
dontitis tissues are thought to share a histologic 
structure with vessels in lymphatic organs, and 
their main function is a role in the recirculation 
of leukocytes (lymphocytes and neutrophils) [10, 
11, 14]. Contact among inflammatory cells with 
HECs mobilizes the adhesion cascade. At the early 
stages of the cascade, molecules of E-selectin and 
P-selectin (present on lymphocytes) are engaged. 
Both lymphocytes and granulocytes initiate rolling 
on the surface of endothelium due to the interac-
tion of L-selectin with peripheral node addressins 
(PNAd), one of which involves the CD34 molecule. 
In turn, the activation of integrin, the lympho-

cyte function-associated antigen (LFA-1), takes 
place on lymphocytes with the involvement of the 
g protein, which allows for lymphocyte migration. 
Subsequently, due to the effect of chemokines of 
the CXC family, an increase in affinity occurs be-
tween integrins VLA-4 and LFA-3 on lymphocytes 
and the respective ligands on endothelial cells: 
VCAM-1 and ICAM-1. Under the influence of 
PECAM-1 (CD31), lymphocyte migration through 
the HEV wall takes place [25]. 

The present study confirmed the manifestation 
of numerous HEVs in the gingiva of patients with 
CP, and of only a few such vessels in two out of 15 
patients with healthy periodontia. Using the ABC 
technique, the cellular localization was confirmed 
for all the studied vascular antigens, both in HEV-
type blood vessels and in ordinary gingival ECs. 
In patients with CP, independently of blood ves-
sel type, expression of PECAM-1, CD34 and lami-
nin prevailed. PECAM-1 (CD31) is a glycoprotein 
belonging to the type I transmembrane adhesive 
molecules within the superfamily of immuno-
globulins [26, 27]. The principal function of CD31 
linked to ECs is participation in the transmigra-
tion of leukocytes, angiogenesis and the migration 
of ECs [26, 27]. Similarly to the results reported by 
other authors [27], CD31 expression in this study 
was particularly pronounced on the surface of ve-
nous ECs (including HEVs) and in inflammatory 
cells. Studies on cultured HUVEc treated with gin-
gipains, the major determinants of Porphyromonas 
gingivalis, demonstrated a preferential reduction 
of PECAM-1 expression, which might suggest that 
bacterial factors contribute to increased vascular 
permeability and neutrophil flux at diseases sites 
[28]. However, it is difficult to compare the re-
sults of the current study with those obtained in 
an in vitro model. our results documenting a high 

Table 4. Correlations in the reciprocal expression of vascular markers (% of reaction) in HEVs of CP patients. The table 
presents the values of Spearman’s rank correlation coefficient (r); bold numbers indicate significant coefficients r at p < 0.05

Tabela 4. Korelacje między wzajemną ekspresją markerów naczyniowych (% reakcji) w HEVs u pacjentów z CP. W tabeli 
podano wartości współczynnika korelacji Spearmana (r). Pogrubione wartości oznaczają r dla p < 0,05

Marker
(Antygen)

CD34 PECAM-1 Endoglin
(Endoglina)

ICAM-1 Collagen IV
(Kolagen IV)

Laminin
(Laminina)

CD34 – 0.379 0.618 0.670 0.419 0.173

PECAM-1 0.379 – 0.233 0.432 0.554 0.196

Endoglin
(Endoglina)

0.618 0.233 – 0.612 0.586 0.191

ICAM-1 0.670 0.432 0.612 – 0.412 0.341

Collagen IV
(Kolagen IV)

0.419 0.554 0.586 0.412 – –0.009

Laminin
(Laminina)

0.173 0.196 0.191 0.341 –0.009 –
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Table 5. Correlations between the expression of vascular markers (% of reaction) and grading in gingiva of patients with CP 

Tabela 5. Korelacje między ekspresją markerów naczyniowych i aktywnością zapalną (grading) dziąseł pacjentów z CP

Correlation of statistical traits
(Korelacja cech statystycznych)

Type of blood vessel
(rodzaj naczynia krwionośnego)

n r p

Expression of CD34 vs. grading
(Ekspresja CD34 vs. grading)

HEV
ordinary
∑ HEV and ordinary

57
57
57

0.336
0.138
0.295

0.010
0.307
0.026

Expression of PECAM-1 vs. grading
(Ekspresja PECAM-1 vs. grading)

HEV
ordinary
∑ HEV and ordinary

25
26
26

0.383
0.389
0.444

0.059
0.049
0.023

Expression of endoglin vs. grading
(Ekspresja endoglinu vs. grading)

HEV
ordinary
∑ HEV and ordinary

61
61
61

0.1927
0.135
0.144

0.137
0.298
0.270

Expression of ICAM-1 vs. grading
(Ekspresja ICAM-1 vs. grading)

HEV
ordinary
∑ HEV and ordinary

26
25
26

0.306
0.221
0.353

0.128
0.289
0.077

Expression of collagen IV vs. grading
(Ekspresja kolagenu vs. grading)

HEV
ordinary
∑ HEV and ordinary 

61
61
61

0.020
0.153
0.037

0.881
0.238
0.778

Expression of laminin vs. grading
(Ekspresja lamininy vs. grading)

HEV
ordinary
∑ HEV and ordinary

35
35
35

0.110
0.262
0.215

0.529
0.128
0.214

n – number of preparations.  
r – Spearman’s correlation coefficient.  
p – level of significance. 
∑ – sum;. 
Bold numbers denote values of the r coefficient for which  
p < 0.05.

n – liczba preparatów.  
r – współczynnik korelacji Spearmana.   
p – istotność statystyczna.  
∑ – suma. 
Liczby pogrubione oznaczają wartości współczynnika 
korelacji r, dla których p < 0,05.

(comparable to CD34) expression of CD31 on the 
gingival ECs of CP patients may indicate that ad-
ditional factors stimulate production of the mem-
brane antigens in CP in vivo. 

As far as high expression of laminin in gingival 
blood vessels in CP is concerned, the observations 
of Hallmann et al., who demonstrated in cultured 
ECs that laminin expression may be controlled by 
cytokines and growth factors released during the 
inflammatory process, should be noted [29]. The 
postulated functions of laminin include involve-
ment in the formation of new blood vessels and 
in the maintenance of endothelial stability. Also, it 
cannot be excluded that in basement membranes 
this component may be involved in the production 
(mentioned above) of perivascular hyaline mate-
rial, which is supposed to inhibit the migration of 
neutrophils through capillaries in CP [7, 10, 14]. 
The current study also showed that in CP four 
out of the six examined vascular antigens (CD34, 
endoglin, ICAM-1 and collagen IV) exhibit more 
pronounced expression in HEVs than in ordinary 
gingival ECs. At the same time, in HEVs a recipro-
cal positive correlation was documented between 
the expression of two membrane-cytoplasmic 
markers (endoglin and ICAM-1). No such correla-

tions were noted between markers of membranous 
localization (CD34 and PECAM-1) nor between 
markers of basement membranes (collagen IV and 
laminin). Comparing the total expression of vas-
cular markers between patients with CP and the 
C1 group, in patients with CP significantly higher 
expression of four of the six studied vascular anti-
gens was observed, i.e. CD34, PECAM-1, endoglin 
and ICAM-1. It should be added that differences 
in the expression of vascular markers between pa-
tients with CP and the control group indirectly 
reflect alterations in the number of blood vessels, 
particularly in patients with more advanced forms 
of CP. Therefore, the present study confirms the 
literature data indicating that the proliferation of 
gingival blood vessels in CP first involves blood 
vessels of low diameter (capillaries, venules). The 
increased number of blood vessels prevailed in the 
subepithelial region, and HEV-type blood vessels 
were present both under the epithelium and in the 
lamina propria, which also corroborates the results 
of other authors [4]. In addition, the present study 
demonstrated that increases in gingival grading in 
patients with CP are accompanied by augmented 
expression of CD34 in all blood vessels. No sig-
nificant correlations between CAL values and the 
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expression of vascular markers in gingival HEVs 
in patients with CP.

Summarizing, the study confirmed the pres-
ence of numerous HEV-type venules in the gin-
giva of patients with CP. Among the membrane 
antigens of HECs, the expression of PECAM-1 
and CD34 prevailed; these are antigens that 
seem to participate in adhesion and the migra-
tion of leukocytes through HEVs. The positive 
correlation between grading and the expression 

of CD34 in HECs suggests that the antigen may 
have a role in the persistence and/or progression 
of chronic inflammation in periodontia. The 
extensive expression of laminin in HEVs con-
firms the protein’s role in the formation of new 
blood vessels, but it cannot be excluded that the 
marker is involved in the development of peri-
vascular hyaline material, which is supposed to 
inhibit the migration of neutrophils through the 
HEVs. 
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