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INTRODUCTION

Type 2 diabetes (DM2) is characterized by chronic hyper-
glycemia caused by insulin deficiency due to pancreatic β-cell 
dysfunction and insulin resistance in target organs [1]. DM2 
leads to microvascular and macrovascular complications. 
One of the major macrovascular complications is cardiovas-
cular disease [1,2]. In contrast, experimental and epidemio-
logic studies showed a negative association between DM2 
and the development of an aortic aneurysm, its expansion, 
and rupture [3].

The aneurysm is defined as local pathological widening of 
the artery diameter up to 1.5× [4,5]. Aortic aneurysms most 

commonly occur in the infrarenal region. The second most 
common location is the ascending thoracic aorta [6]. Aortic 
aneurysms usually expand asymptomatically until dissection 
or rupture of the aortic wall occurs, often leading to death [6].

The normal wall of ascending thoracic aorta differs from 
the abdominal aorta in structure and mechanical properties, 
cell biology, and biochemistry [6,7]. Compared to the abdom-
inal aorta, ascending aorta has a thinner tunica intima, thicker 
tunica media, more medial lamellar units, higher collagen, 
elastin content, and a lower collagen‐to‐elastin ratio [6-8].

Furthermore, the ascending aortic aneurysm differs from 
the abdominal aortic aneurysm in the pathophysiological fea-
tures. It has long been thought that the thoracic aortic aneu-
rysm is characterized by a non-inflammatory medial degen-
eration known as medial cystic necrosis, while the abdominal 
aortic aneurysm is associated primarily with atherosclerosis and 
inflammation [4,5]. Subsequent studies, however, have shown 
that chronic inflammation is also present in the development 
of the thoracic aortic aneurysm, but less intensely [6,7,9,10]. 
Like the abdominal aortic aneurysm in the tunica intima, tunica 
media, and tunica adventitia of the thoracic aortic aneurysm, 
T cells (CD3) predominate among the inflammatory cells fol-
lowed by macrophages (CD68). The B cells (CD20) were found 
in smallest amounts relative to other cells [6,9,11,12].

Risk factors such as male gender, arterial hypertension 
(AH), age, smoking, and dyslipidemia contribute to the 
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ABSTRACT

Aortic aneurysms occur relatively frequently in the ascending thoracic aorta, but are rarely seen in patients with type 2 diabetes (DM2). Our 
aim was to evaluate inflammatory cell infiltration in the ascending aortic aneurysm wall in patients with diabetes without arterial hyperten-
sion (DM2 group, n = 6) versus hypertensive non-diabetic patients (AH group, n = 34). For histologic analysis, the sections were stained with 
hematoxylin-eosin and Movat pentachrome. The immunohistochemical staining was used to analyze the infiltration of pro-inflammatory 
(CD68) and anti-inflammatory macrophages (CD163), T helper (CD4) and T killer cells (CD8), and B (CD79a) and plasma cells (CD138) in 
all three layers of aneurysms of both groups. The statistical significance of the differences between groups was evaluated by ANOVA and the 
Welch test. In comparison to the AH group, the DM2 group developed less severe infiltration of pro-inflammatory macrophages (p = 0.004) 
and B cells (p = 0.025) in the tunica intima and tunica media (p = 0.049 and p = 0.007, respectively), and fewer plasma cells in the tunica media 
(p = 0.024) and tunica adventitia (p = 0.017). We found no significant differences in the number of T helper, T killer cells, and anti-inflammatory 
macrophages and in the amount of collagen and elastic fibers, ground substance, and smooth muscle cells in all three layers of the vessel wall. 
Except in tunica adventitia of DM2 group, there were more collagen fibers overall (p = 0.025). Thus, we conclude that the histological structure 
of the aneurysm in diabetics without hypertension is almost the same as in hypertensive patients without diabetes. Diabetics had significantly 
less inflammatory infiltration in all three layers of the vessel wall and more collagen fibers in tunica adventitia.
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embedded in paraffin, and cut into 4.5  µm thick transver-
sal step (step was 50 µm thick) serial sections. The sections 
were then stained with hematoxylin-eosin (HE) and Movat 
pentachrome [20]. The immunohistochemical staining was 
used to detect T killer – Tk cells (CD8; 1:50, Dako, Glostrup, 
Denmark), T helper – Th cells (CD4; 1:20, Cell Marque), B 
cells (CD79a; 1:20, Dako Glostrup, Denmark), plasma cells 
(CD138,1:30, Dako, Glostrup, Denmark), pro-inflammatory 
M1 macrophages (CD68;1:50, Dako, Glostrup, Denmark), 
and anti-inflammatory M2 macrophages (CD163; 1:40, Cell 
Marque) following the manufacturer’s instructions.

Image analysis

Image analysis was performed using the computer pro-
gram NIS elements (version  3 – documentation), a camera 
(Nikon digital sight DS-M5), and a light microscope (Nikon 
Eclipse E 400). The area of tunica intima, tunica media, and 
tunica adventitia was measured at an objective magnification 
of 4× and expressed in mm2.

The number (N) of CD4, CD8, CD79a, CD138, CD68, and 
CD163 positive cells in tunica intima, tunica media, and tunica 
adventitia was counted at the objective magnification of 40× 
in the whole section and expressed in N/mm2. The tunica 
adventitia was defined as a 500 µm wide band of connective 
tissue adjacent to the tunica media.

Movat pentachrome staining was used for stereological 
analysis with Weibel’s test system. The volume density of col-
lagen fibers (yellow), mucin (blue-green), elastic fibers and 
nuclei (black), muscle (dark red), and fibrin (bright red color) 
in tunica intima, tunica media, and tunica adventitia was esti-
mated as described previously [21].

Statistical analysis

Analyses were performed using Microsoft Excel 2010 and 
Statistical Package for the Social Sciences SPSS 20. The aver-
age values of the measured parameters were calculated for 
DM2 and AH groups and expressed as the average value ± SD.

Due to an imbalance in the number of patients in the DM2 
(n = 6) and AH groups (n = 34), the statistical significance of 
the differences between them was evaluated by ANOVA and 
the Welch test (p < 0.05) that is used to compare unequally 
sized samples.

RESULTS

Patients

Forty patients with ascending aortic aneurysms were 
divided into the DM2 group (n = 6) and AH group (n = 34). In 
both groups, there were more men than women. There were 

development of the aortic aneurysm [3]. DM2, which is a risk 
factor for various micro- and macro-angiopathies, is not a risk 
factor for the development of aortic aneurysm. It was shown 
that aneurysms rarely develop in patients with DM2 [13,14].

Several studies from recent decades have shown that 
the pathogenesis of DM2 is associated with changes in the 
immune response. Insulin resistance and chronic hyper-
glycemia, which are characteristic of DM2, lead to chronic 
inflammation, endothelial dysfunction, increased advanced 
glycation end products (AGEs), cross-linking of collagen, and 
proliferation of vascular smooth vessel cells (VSMCs) [15]. 
DM2 also increases endothelial cell permeability, the expres-
sion of metalloproteinase-2 and -9 matrices, and the produc-
tion of angiotensin 2 in vascular tissue [13]. The histopatho-
logical analysis of abdominal aortic aneurysms showed that 
DM2 patients had a higher macrophage infiltration compared 
to non-diabetics [16]. DM2 has been shown to modulate the 
macrophage phenotype and increase the ratio of pro-  and 
anti-inflammatory macrophages [17]. However, glycation has 
been shown to modulate the macrophage phenotype against 
the anti-inflammatory state in the long term [17-19].

We hypothesized that the inflammatory infiltrates in the 
wall of the thoracic aortic aneurysm in patients with DM2 are 
different than in patients with AH. The purpose of the study 
is to analyze inflammatory/immune cell infiltration in the wall 
of the thoracic aortic aneurysm in patients with DM2 non-hy-
pertensive compared with hypertensive non-diabetic patients. 
We wanted to evaluate the infiltration of macrophages (CD68 
and CD163), T cells (CD4 and CD8), B (CD79a), and plasma 
cells (CD138) in tunica intima, tunica media, and tunica adven-
titia of the ascending aortic aneurysm.

MATERIALS AND METHODS

Patients

Ascending aortic aneurysms were obtained during the 
surgery. The study enrolled 40 patients with ascending aortic 
aneurysm with either DM2 only (DM2; n = 6) or AH only (AH 
group; n = 34). Exclusion criteria were AH and DM2 together, 
type 1 diabetes, and genetic mutations.

The study and all procedures were approved by the 
National Medical Ethics Committee (MEC 170/07/13, MEC 
110/03/16). Written informed consent was obtained from each 
patient included in the study. The study protocol conforms to 
the ethical guidelines of the 1975 Declaration of Helsinki.

Tissue samples

From specimens of ascending aorta that was ranging 
in length from 2 to 5  cm, the average three samples (from 
the bulge) were obtained, fixed in formalin for 24 hours, 
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five women and 29 men in the AH group, and in the DM2 
group, there were one woman and five men (Table 1). In the 
DM2 group, all patients were no smokers. In the AH group, 
five patients were smokers; the remaining 29 were no smok-
ers (Table 1). Exclusion criteria were AH and DM2 together, 
genetic factors, and type 1 diabetes. There were no significant 
differences between groups in age, total cholesterol, low-den-
sity lipoprotein, high-density lipoprotein, triglyceride levels, 
creatinine, and urea in plasma (Table 1).

Histological analysis

The histological staining with HE and Movat (Figure  1) 
showed the tunica intima, tunica media, and tunica adventitia. 
Tunica intima was composed of endothelial cells that cover 
the subendothelial layer. Stereological analysis (Table 2) of the 
tunica intima of both groups showed that the most abundant 
was collagen, followed by elastic fibers, ground substance, and 
VSMCs. In tunica media of both groups, the most abundant 
is collagen, followed by VSMCs, elastic fibers, and a small 
amount of ground substance. The tunica adventitia of both 
groups was composed mostly of connective tissue with col-
lagen fibers. There were very few elastic fibers, VSMCs, and 
ground substance.

Results of the stereological analysis are listed in Table  2. 
There were no significant differences in any component 
between DM2 and AH groups in tunica intima and tunica 
media. There was also no significant difference in the amount 
of elastic fibers, VSMCs, and ground substance in the tunica 

adventitia. However, in the tunica adventitia of the DM2 
group were significantly more collagen fibers in comparison 
to the AH group.

Comparison between AH and DM2 group in the 
number of inflammatory cells (N/mm2) within 
tunica intima, tunica media, and tunica adventitia

In most of our patients, positive inflammatory cells stained 
with CD79a (B cells), CD138 (plasma cells), CD68 (M1 mac-
rophages), CD163 (M2 macrophages), CD4 (T helper – Th), 
and CD8 (T killer – Tk) were found in all three layers of the 
aneurysmal wall in at least one slice. In the tunica intima, 
tunica media, and tunica adventitia, the number of Th, Tk, B, 
and plasma cells, M1 and M2 macrophages were counted and 
expressed in N/mm2. The measurements are listed in Table 3. 
We found a smaller number of CD79a, CD138, and CD68 pos-
itive cells in DM2 than in the AH group in some layers of the 
arterial wall (Figure 2). In the DM2 group, there were signifi-
cantly fewer B cells and M1 macrophages in tunica intima and 
tunica media than in the AH group. In the DM2 group, we 
also found significantly fewer plasma cells in tunica media and 
tunica adventitia than in the AH group. We found no signifi-
cant differences in the number of M2 macrophages and T cells 
subtypes (CD4 and CD8) between the DM2 and AH groups.

DISCUSSION

In this study, we investigated inflammatory/immune cell infil-
tration in the tunica intima, media, and adventitia of the ascend-
ing aortic aneurysm in patients with DM2 non-hypertensive 
compared with hypertensive non-diabetic patients. Compared 
with the AH group, patients with DM2 had fewer B cells and M1 
macrophages in the tunica intima, fewer B cells, plasma cells, and 
M1 macrophages in the tunica media, and fewer plasma cells in 
the tunica adventitia. There were no differences in the number of 
M2 macrophages, Th, and Tk cells between both groups.

We also did not find significant differences in the amount 
of collagen and elastic fibers, VSMCs, the ground substance in 

TABLE 1. Characteristics for all patients in the AH and DM group (average±SD)

Variable
DM2 group AH group

p-value
n=6 n=34

Age (year) 63.63±12.83 55.74±9.67 0.14
Sex Five males, one female 29 males, five females
Smoking Yes 0; no 6,

stopped smoking 1
Yes 5; no 29,

stopped smoking 2 
 

Total cholesterol (mmol/l) 5.48±1.00 5.09±0.64 0.30
Low-density lipoprotein (mmol/l) 3.90±0.81 3.29±0.55 0.24
High-density lipoprotein (mmol/l) 1.30±0.23 1.39±0.59 0.71
Triglyceride (mmol/l) 3.12±1.12 1.56±1.20 0.30
Creatinine (µmol/l) 84.38±11.78 82.15±11.59 0.65
Urea (mmol/l) 7.79±1.77 6.82±1.77 0.20

*Significantly different amount of the component within the DM2 and AH groups; Welch test (p<0.05)

FIGURE 1. Tunica intima (I), tunica media (M), and tunica 
adventitia (A) of ascending aortic aneurysm in the DM2 and 
AH groups. Movat staining, bar = 600 µm, objective magni-
fication of 4×.
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all three layers of the aneurysmal wall between both groups, 
except in the tunica adventitia, where there were more colla-
gen fibers in the DM2 group than in the AH group.

Our results indicate an inflammatory process in the wall of 
the ascending aortic aneurysm, as shown by numerous studies. 
In our study, inflammation was more severe in AH than in the 
DM2 group; more significant infiltration of M1 and B cells was 
in the intima and media, and more plasma cells in the media 

and adventitia of AH than DM2 group. Epidemiologic studies 
suggest that patients with DM2 have a lower incidence of the 
thoracic aortic aneurysm [22,23]. In the development of aneu-
rysms, apoptosis, oxidative stress, inflammation, and enhanced 
proteolysis are involved [22]. They lead to loss of arterial wall 
matrix [5]. Contrary, for diabetes, the characteristic feature is 

TABLE 2. Stereological analysis of tunica intima, tunica 
media, and tunica adventitia of the samples of ascending 
aortic aneurysm in the DM2 and AH groups (average [mm/
mm°]±SD)

Variable DM2 group AH group p-value
Tunica intima

Collagen fibers 0.265±0.169 0.299±0.090  0.653
Elastic fibers 0.194±0.152 0.153±0.086  0.545
Ground substance 0.162±0.098 0.133±0.098  0.524
VSMCs 0.086±0.062 0.109±0.084  0.454

Tunica media
Collagen fibers 0.281±0.054 0.261±0.099  0.487
Elastic fibers 0.149±0.048 0.193±0.098  0.112
Ground substance 0.066±0.042 0.060±0.058  0.714
VSMC 0.258±0.018 0.250±0.117  0.694

Tunica adventitia
*Collagen fibers 0.426±0.067 0.336±0.136 *0.025
Elastic fibers 0.047±0.050 0.094±0.150 0.161
Ground substance 0.002±0.004 0.045±0.153 0.098
VSMCs 0.004±0.008 0.014±0.027 0.336

*Significantly different amount of the component within the DM2 and 
AH groups; Welch test (p<0.05)

TABLE 3. Analysis of inflammatory cells in the tunica intima, 
tunica media, and tunica adventitia of the ascending aortic 
aneurysm in the DM2 and AH groups (average N/mm2±SD)

Variable DM2 group AH group p-value
Tunica intima

*CD79a 0.093±0.169 1.859±4.001 *0.025
CD138 0.585±0.678 0.714±1.650 0.755
*CD68 19.516±23.668 71.496±74.725 *0.004
CD163 77.606±77.518 65.678±51.524 0.730
CD4 77.889±70.935 82.827±58.789 0.787
CD8 31.832±33.123 36.401±30.088 0.764

Tunica media
*CD79a 0.024±0.059 1.438±0.484 *0.007
*CD138 0.008±0.014 0.213±0.481 *0.024
*CD68 4.208±3.514 8.875±9.779 *0.049
CD163 7.385±5.379 7.893±3.999  0.322
CD4 5.152±3.877 4.694±3.619 0.798
CD8 0.899±0.717 1.074±1.618 0.682

Tunica adventitia
CD79a 13.699±17.267 8.572±9.408 0.508
*CD138 1.151±1.613 5.308±8.323 *0.017
CD68 35.510±36.114 31.558±33.23 0.811
CD163 99.032±47.306 82.135±82.533 0.503
CD4 227.128±259.931 86,095±79.543 0.243
CD8 80.434±102.910 28.899±32.832 0.277

*Significantly different amount of the component within the DM2 and 
AH groups; Welch test (p<0.05)

FIGURE 2. B cells (CD79a), plasma cells (CD138), and M1 
macrophages (CD68) (arrows) in tunica intima (I), tunica 
media (M), and tunica adventitia (A) in the DM2 and AH groups. 
bar = 150 µm, objective magnification of 20×. The boundaries 
between the layers are shown by a dashed thin line.
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excess and degeneration of matrix that leads to stiffness of the 
arterial wall [15,22,24]. It was shown that chronic hyperglyce-
mia augments the production of AGEs, VSMCs proliferation, 
and collagen cross-linking, while insulin resistance enhances 
the expression of several genes involved the inflammatory 
processes and collagen synthesis [24,25]. It is known that com-
pared with normal aortas, in aortic aneurysm, the amount of 
elastic and collagen fibers, glycosaminoglycans, and VSMCs is 
reduced [10]. In our study, we found no significant differences 
in the volume density of collagen and elastic fibers, ground 
substance, and VSMCs in the aneurysm wall between both 
groups. In the tunica adventitia alone, there were significantly 
more collagen fibers in the DM2 group than in the AH group.

It is known that diabetes modulates the inflammatory 
process. It enhances the production of inflammatory medi-
ators that promote vascular inflammation [3] and, on the 
other hand, suppress it [26,27]. Studies in rats have shown 
that postprandial hyperglycemia (fluctuations in blood glu-
cose) promotes monocyte adhesion to the thoracic aorta’s 
endothelium [3,28]. However, if they reduced blood glucose 
fluctuations, the adhesion of monocytes to endothelial cells 
was reduced [3,28]. Contrary, it was shown that hyperglyce-
mia inhibits macrophage activation through the activation of 
liver X receptor β, but not it’s migratory ability [5]. Increased 
recruitment of monocytes leads to the development of an 
aneurysm only if the monocytes differentiate into pro-in-
flammatory macrophages [3,29]. However, hyperglycemia by 
different mechanisms modulates the macrophage phenotype 
into either the pro- [30,31] or anti-inflammatory type [17]. M1 
macrophages can also blunt the inflammatory response [32]. 
In a model of myocardial infarction in mice, it was found that 
early pro-inflammatory macrophages secrete large amounts 
of matrix metalloproteinase-9 [32,33]. Matrix metalloprotein-
ase-9 can mitigate the inflammatory response by cleaving the 
receptor for AGEs into soluble form, which has anti-inflam-
matory properties [32,34]. Pro-inflammatory macrophages 
have been reported to predominate after short-term diabe-
tes and in association with hypercholesterolemia [30], while 
anti-inflammatory M2 macrophages predominate after diabe-
tes lasting months [17]. In our study, where diabetes lasted for 
several years, the DM2 group had fewer M1 macrophages in 
the tunica intima and tunica media, but not in tunica adventi-
tia, compared to the AH group, while the groups did not dif-
fer in the number of M2 macrophages. It was also shown that 
patients with DM2 had more CD68-positive macrophages in 
abdominal aortic aneurysm than non-diabetic patients and no 
difference in the number of T cells [3,16]. However, contrary 
to humans, studies on mice models of abdominal aortic aneu-
rysm revealed a decrease of macrophage infiltration in dia-
betic compared to non-diabetic mice [3,26,35,36]. Our results 
are more similar to studies in a mouse model [3,26,35,36] than 

studies in humans [3,16], as diabetic patients in our study had 
less inflammatory infiltration of M1 and B cells in the tunica 
intima and tunica media, and fewer plasma cells in the tunica 
media and tunica adventitia. Differences in results could be 
attributed to selected groups regarding hypertension and dia-
betes. In a human study, 77% of patients in the diabetes group 
also had hypertension and 72% in the non-diabetes group [16]. 
In animal studies, groups of mice with diabetes did not have 
hypertension [26,35,36]. Therefore, groups of mice with diabe-
tes, and consequently the results of the study, are more compa-
rable to the DM2 group in our study than to the diabetic group 
in human studies [16].

Patients with DM2 without AH who develop the ascend-
ing aortic aneurysm are known to be relatively rare [37,38]. 
The latter is the reason our DM2 group was small. The small 
number of participants in the DM2 group is, however, the 
main limitation of our study.

In our study, we found no differences in the number of 
T cells between the AH and DM2 groups, which are con-
sistent with the observations of other researchers [3,16]. We 
also found no differences between the AH and DM2 groups 
in infiltration with M2 macrophages. Compared with the AH 
group, patients with DM2 in our study had fewer B cells in 
the tunica intima, fewer B cells and plasma cells in the tunica 
media, and fewer plasma cells in the tunica adventitia. The 
experimental model of abdominal aortic aneurysm revealed 
the protective role of B cells and plasma cells depletion against 
aneurysmal formation [10,39].

The prevalence of aneurysms in patients with diabetes 
without hypertension is low [37,38]; diabetes obviously pro-
tects them from developing an aneurysm. Patients in our 
DM2 group developed the aneurysm, although they had sig-
nificantly fewer B and plasma cells and fewer pro-inflamma-
tory macrophages, that is, cells that are otherwise involved in 
aneurysm development. There were no significant differences 
in the infiltration of Th, Tk, and M2 cells and in the amount 
of collagen and elastic fibers, ground substance, and VSMCs 
in all three layers of the vessel wall. Except in the adventitia of 
DM2 group, there were more collagen fibers.

CONCLUSION

Aneurysms of ascending aorta are known to occur less 
frequently in diabetics than in hypertensive patients. We con-
clude that the histological structure of the aneurysm in dia-
betics without hypertension is almost the same as in hyper-
tensive patients without diabetes. Diabetics had significantly 
more collagen fibers in the tunica adventitia and significantly 
less inflammatory infiltration in all three layers of the vessel 
wall.
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