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ABSTRACT

Telomere attrition has been linked to accelerate vascular ageing and seems to predispose for vascular disease. Our aim was to study the
telomere length dynamics over time and in subsets of leukocytes from 15 patients with peripheral arterial disease (PAD).

The mean telomere length in subsets of leukocytes of patients with PAD was in the normal range of age-related telomere length values
from healthy individuals. However, we found significant higher telomere attrition for T-cells from patients with PAD over a time period of six
months when compared to the controls.

The higher telomere loss in T-cells of patients with PAD most likely reflects a higher cell turnover of this leukocyte subset, which is involved
in the process of chronic inflammatory disease underlying vascular disease. Further studies are needed to confirm these data and to assess
how far this T-cell telomere attrition will correlate to the extent of the disease.
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INTRODUCTION

PAD is the most common and important type of peripheral vascular
disease (PVD). PAD increases with age, and by the age of 65 years,
about 12 to 20 percent of the population has PAD. Diagnosis is
critical, as people with PAD have a four to five time’s higher risk of
a heart attack or stroke [1]. Besides several well known reversible
risk factors like smoking, obesity, high blood pressure or physical
inactivity [2] the main irreversible risk factor for PAD is aging.

Telomere length can be regarded as a marker of cellular age since
telomeres shorten with cellular replication approximately 50-100bp
per cell division. When telomeres become critically short this leads
to senescence and apoptosis. Chronic inflammation and oxidative
stress are involved in the pathogenetic process of atherosclerosis.
Both factors lead to increased hematopoietic cell turnover resulting
in telomere shortening [3,4]. Referring to a model stated by Aviv
this accelerated telomere erosion may contribute to progressive
endothelial dysfunction since the hematopoietic system and the
vascular endothelium share a common embryonic origin [5,6].
Shortened telomere length may reflect diminished hematopoietic
stem cell (HSC) reserves at birth or their accelerated attrition rate
afterward. Indeed, a characteristic senescent phenotype is observed
in the endothelium of atherosclerotic lesions [7]. Moreover, it has
been shown, that the endothelial function and the inflammatory
status are related to the severity of PAD [8].

In contrast to studies describing telomere length in coronary artery
disease (CAD), these studies in patients with PAD are completely
missing. In this pilot study on patients with PAD we describe our data
of telomere length measurements in different subsets of leukocytes
(granulocytes, B-cells, naive and memory T-cells, NK/NKT-cells) and
how the telomere length in these subsets changes over time.

MATERIALS AND METHODS

In this pilot study (duration: 25 month, beginning: October 2009,
end: November 2011) 15 patients (median age 66.8, range: 56-74,
gender: 10 male, 5 female) with mild to moderate intermittent
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claudication, Fontaine stage lla/b were included. PAD was
diagnosed either by angiographic documented disease or by the
presence of an ankle brachial index (ABI) <0.9. After informed
consent leukocytes were obtained from the peripheral blood of
the patients at various time points (0, 3, 6 months) and telomere
length measurements were performed in subsets of leukocytes
(granulocytes, CD20-positive B-cells, CD45RA-positive naive
T-cells, CD45RA-negative T-cells, CD57-positive NK/NKT-cells) by
automated multicolor flow-FISH [9]. Telomere length measurements
in subsets of leukocytes of over 380 healthy individuals (age range
0-102 vy) served for the calculation of normal reference ranges
[10,11]. Five healthy individuals without a history or obvious signs of
PAD served as internal controls. Statistical analyses were done by
the use of the Excel Analysis ToolPak (Microsoft).

RESULTS

Triglycerides ranged from 0.4mmol/L to 2.0mmol/L (mean:
1.19mmol/L, normal value: <2.3 mmol/l) and the total cholesterol
from 3.2mmol/L to 6.3mmol/L (mean: 4.81mmol/L, normal value:
<5.1mmol/l) with 12 patients being treated for hyperlipidemia. 14
patients were smokers, 12 patients had a history of hypertension
and five were type 2 diabetics. The mean body-mass-index (BMI)
was 26.7, ranging from 19.8 to 32.2 (normal: 18.5 to 25 [Table/
Fig-1]).

The mean telomere length for the total leukocytes of all 15 patients
was in the normal range (length + STD: 5.46kb + 0.43kb) and was
not significantly different from healthy controls (5.49kb + 0.45kb, p=
0.91). The telomere length in granulocytes was approximately 200
bp shorter in patients with PAD compared to granulocytes in the
control group but this difference reached not statistical significance
(5.83kb + 0.35kb vs. 5.99kb + 0.73kb p=0.66). The telomere length
in lymphocytes was equal in both groups (5.01kb = 0.41kb vs.
5.00kb + 0.65, p=0.97).

However, when we investigated the telomere length dynamics over
a time period of six months we found a significant higher telomere
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[Table/Fig 1]: Patient characteristics

*According to classification by Fredrickson

attrition for lymphocytes from patients with PAD (mean + STD:
-0.331kb = 0.320kb) when compared to the controls (mean =+
STD -0.113kb + 0.046kb, p=0.02, [Table/Fig-2]). Telomere attrition
in granulocytes did hardly demonstrate any differences between
patients with PAD and healthy controls (mean + STD for granulocytes:
-0.342kb + 0.412kb vs. -0.230kb + 0.214kb, p=0.48). To address
this difference in telomere attrition in lymphocytes over time more
specifically to a certain cell type, we evaluated in a next step the
telomere length in B-cells, naive and memory T-cells and NK/NKT-
cells. While the telomere length attrition was significantly accelerated
in both types of T-cells (mean + STD PAD vs. healthy controls:
-0.4938kb + 0.371kb vs. -0.168kb + 0.046kb, p=0.005 for naive
T-cells, -0.507kb + 0.511kb vs. -0.054kb vs. 0.161kb, p=0.002 for
memory T-cells) telomere length attrition did not differ significantly
in B-cells and NK/NKT-cells when PAD patients were compared to
healthy controls (mean + STD PAD vs. healthy controls: -0.330kb
+ 0.414kb vs. -0.256kb + 0.156kb, p=0.58 for B-cells, -0.269kb +
0.716kb vs. -0.323kb + 0.292kb, p=0.82 for NK/NKT-cells).

DISCUSSION

In contrast to CAD where clearly shortened telomeres can be
observed [12] we found no difference in the overall leukocyte
telomere length for patients with PAD in comparison to healthy
controls. Nevertheless, in T-cells of patients with PAD we found
significantly accelerated telomere erosion over a time period of
six months. This result reflects an involvement of T-cells in PAD.
Furthermore it supports the hypothesis that telomere length
erosion is rather a consequence of a higher cell turnover of certain
lymphocytes caused by chronic inflammation and oxidative stress
than the primary abnormality leading to atherosclerosis. The
question whether short telomeres are a cause or the consequence
of PAD is much debated [13]. How far the slightly higher telomere
attrition over six months in T-cells of patients with PAD will have an
impact on the overall telomere length in the future is not yet clear.
Nevertheless, if leukocyte telomere attrition starts in T-cells an early
screening for telomere shortening in T-cells could be a possibility
to identify patients which are on the way to develop a more severe
form of the disease. Early intervention or changes in lifestyle could
prevent later surgeries.

PAD Controls

Total Total

(n=34) Follow-up (n=15) (n=17) Follow-up (n=5)
Age (mean, range) [years] 67 (56-74) 67 (56-74) 59 (51-71) 63 (53-71)
Gender (no of m/f) 23/10 10/5 7/10 3/2
No of smokers never/past (stop>10yr)/current 4/30/0 1/14/0 9/8/0 4/1/0
Hight (mean + STD) [m] 1.68 £ 0.07 1.71 £0.07 1.70 £ 0.09 1.71£0.13
Weight (mean + STD) [kg] 80.2 +14.6 76.6 + 14.0 748+ 113 79.2+3.4
Waist circumference (mean + STD) [cm] 102.6 £ 15.5 100.8 + 14.1 93.9 + 10.9 101.0+£ 7.1
Hip circumference (mean + STD) [cm] 105.7 £ 9.8 1041 +£9.2 103.6 + 8.6 107.8 £8.2
Waist to hip ratio (mean + STD) 0.97 £+ 0.09 0.96 + 0.01 0.91 £ 0.07 0.94 + 0.05
BMI (mean + STD) [kg/m?) 284 +52 26.7 +3.8 25.8 + 3.6 27.3+4.0
Diabetes (y/n) 15/19 5/10 0/17 0/5
Total cholesterol<5 (mmol/l) 46+09 4.81 £ 0.69 56+14 5.50 + 0.97
HDL cholesterol>1 (mmol/l) 1.6+04 1.81+0.44 1.6+0.3 1.55 +0.33
LDL cholesterol<2.6 (mmol/l) 24 +0.6 25+0.6 3.0+0.8 3.4+0.8
Triglycerides< 1.71 (mmol/l) 1.4+£0.6 1.19+0.52 21+33 111+ 042
ABI (0.9-1.2) mmHg 0.8+0.2 0.80+0.12 1.2+01 1.18 £ 0.09
No of pat with hypertension (>140/90mmHg) [y/n] 30/4 12/3 5/12 2/3
No of pat with hyperlipidemia (y/n)* 31/3 12/3 14/3 3/2
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[Table/Fig-2]: Slightly increased telomere attrition over 6 months in lymphocytes of
patients with PAD compared to healthy controls
Boxplot of the telomere attrition in granulocytes and lymphocytes derived from

peripheral blood of patients with PAD and healthy controls. Telomere attrition has
been calculated as difference between the initial measurement and the follow-up
measurement 6 months later. Black bars indicate the median (50%), grey bars
respectively the higher (75%) or the lower quartiles (25%)

One should keep in mind that it is not clear how long the disease
already existed at the time of telomere length measurement.
Telomere lengths in the normal range could be found in patients with
early stages of disease. In patients with CAD significant telomere
attrition can already be found in early stages of disease [14]. The
difference in the telomere length attrition between PAD and CAD
may also result from a much lower cellular turnover by the chronic
inflammation of PAD compared to a much higher cellular turnover
in CAD. In addition, it has been described that telomerase is down-
regulated in endothelial progenitor cells in CAD leading to a higher
loss of telomere repeats [15], which might not be the case in PAD.

CONCLUSION

Since we found in patients with PAD telomere attrition, but not
significantly shortened telomeres, we assume that telomere attrition
in PAD is in contrast to CAD a cause of the disease but not a
precondition for the development. Therefore, this study points to
a different pathophysiology in patients with PAD and CAD. Early
monitoring of telomere length changes over time could be a helpful
tool for early recognition of patients developing PAD which should
be examined by continuing studies.
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