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Summary

The aim of the study was to evaluate skin microvascular
reactivity (MVR) and possible influencing factors (fibrinolysis,
oxidative stress, and endothelial function) in patients with
Cushing’s syndrome. Twenty-nine patients with active Cushing’s
syndrome (ten of them also examined after a successful
operation) and 16 control subjects were studied. Skin MVR was
measured by laser Doppler flowmetry during post-occlusive
(PORH) and thermal hyperemia (TH). Malondialdehyde and
Cu,Zn-superoxide dismutase were used as markers of oxidative
stress. Fibrinolysis was estimated by tissue plasminogen activator
(tPA) and its inhibitor (PAI-1). N-acetyl-B-glucosaminidase,
E-selectin, P-selectin, and ICAM-1 were used as markers of
endothelial function. Oxidative stress and endothelial dysfunction
was present in patients with hypercortisolism, however,
increased concentration of ICAM-1 was also found in patients
after the operation as compared to controls (290.8+74.2 vs.
210.9+56.3 ng.ml*, p<0.05). Maximal perfusion was significantly
lower in patients with arterial hypertension during PORH and TH
(36.3£13.0 vs. 63.3£32.4 PU, p<0.01, and 90.4+36.6 vs.
159.2+95.3 PU, p<0.05, respectively) and similarly the velocity
of perfusion increase during PORH and TH was lower (3.2+1.5
vs. 5.2+3.4 PU.s?, p<0.05, and 0.95+0.6 vs. 1.8+1.1 PU.s?,
p<0.05, respectively). The most pronounced impairment of
microvascular reactivity was present in patients with combination
of arterial hypertension and diabetes mellitus.
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Introduction

It is well known that hypercortisolism is
associated with increased morbidity and mortality caused
atherosclerotic

predominantly by  vascular and

complications. Cushing’s disease, a rare endocrine
disorder with prevalence approximately 3.9 cases per
100,000 people and estimated incidence 0.24 cases per
100,000 people per year (Etxabe and Vazquez 1994),
about 70 % of all

hypercortisolisms (Cushing’s syndrome). Patients with

represents endogenous

untreated Cushing’s syndrome have cardiovascular
mortality four to five times higher than normal population
and their cardiovascular risk is significantly increased
(Etxabe and Vazquez 1994, Mancini et al 2004).
However, patients with cured Cushing’s syndrome also
have an increased prevalence of atherosclerosis even
several years after normalization of hypercortisolism
(Colao et al. 1999, Faggiano et al. 2003). The effect of
hypercortisolism on microvasculature is less known. The
aim of this study was to measure the microvascular
reactivity using laser Doppler flowmetry method and
evaluate endothelial function in patients with Cushing’s
syndrome. Selected parameters of fibrinolysis and
oxidative stress were also determined. The results were
compared to the control group and also to a subgroup of
patients with cured hypercortisolism.

Laser Doppler flowmetry is an easy and non-
invasive method for testing skin microvascular reactivity
(Yvonne-Tee et al. 2006). This method uses laser beam

PHYSIOLOGICAL RESEARCH ¢ ISSN 0862-8408 (print) ©® ISSN 1802-9973 (online)

© 2008 Institute of Physiology v.v.i., Academy of Sciences of the Czech Republic, Prague, Czech Republic

Fax +420 241 062 164, e-mail: physres@biomed.cas.cz, www.biomed.cas.cz/physiolres



14 Prazny et al.

Vol. 57

and fiber optics probes for detection of blood flow in
small vessels located in adjacent layers of the tissue and
can be used in many practical and experimental
These
surgery and also observation of drug effects (Binggeli et
al. 2003, Stulc et al. 2003). Combination of laser Doppler
flowmetry with an assay of biochemical markers of

applications. include transplantations, plastic

endothelial dysfunction, oxidative stress, and fibrinolysis
can bring up additional information on vascular changes.
Detection of possible changes in endothelial function and
in microvascular reactivity can contribute to the
understanding of mechanisms of vascular impairment in
hypercortisolism.

Methods

Patients

Twenty-nine patients with hypercortisolism
(8 men, 21 women, 21-60 years) were included in the
study (group HC, hypercortisolism). The cause of
hypercortisolism was pituitary adenoma (Cushing’s
disease) in 22 patients, adrenal cortex adenoma in
6 patients, and an ectopic production of ACTH in one
patient. Patients with Cushing’s syndrome were
characterized by typical clinical features of Cushing’s
syndrome, elevated urinary free cortisol excretion (UFC),
blunted circadian variability of plasma cortisol levels
with elevated midnight cortisol levels and lack of
appropriate suppression in the low-dose dexamethasone
suppression test (LDDST — overnight variant with 1 mg
of dexamethasone given at 23:00 h.). The diagnosis of
pituitary or adrenal cortex adenoma was verified by
histological examination. Fifteen patients (52 %) from
this group had diabetes mellitus, eleven of them (38 %)
were on diet only or treated with oral antidiabetic drug(s),
four (14 %) were treated with insulin. We did not exclude
diabetic patients from the study because secondary
diabetes mellitus is a common and inseparable feature of
clinically expressed hypercortisolism. Furthermore,
patients treated with insulin did not differ significantly
from the rest of the group in measured parameters and we
also decided not to exclude them. 17 patients (59 %) had
arterial hypertension and were treated with antihyper-
tensive drugs. Only one patient had coronary heart
disease with angina pectoris in his medical history.

Ten patients from this group (4 men, 6 women,
24-59 years) have been successfully treated by surgery
and examined also after 6 to 24 months (mean 16+6

months) when cortisol levels were fully normalized

This
treatment was characterized by normal 24-h urinary free

(group NC, normalized cortisol). satisfactory
cortisol excretion, by recovered circadian variability of
plasma cortisol levels, and by suppressibility of plasma
cortisol after an overnight dexamethasone (I mg) test
with 08.00 h cortisol level below 84 nmol/l. No patients
from NC group had diabetes or arterial hypertension
present at the time of the second examination.

Another 16 healthy sex-, age-, and BMI-matched
subjects (4 men, 12 women, 29-62 years) served as the
control group (group C). The control subjects participated
on voluntary basis and were recruited from non-obese
hospital workers and from otherwise healthy obese
subjects not enrolled in another study or a weight
reduction program. The characteristics of all subjects are
shown in Table 1. Study was approved by the Ethical
Charles
University, and all subjects gave their written informed

Committee of First Faculty of Medicine,
consent.

Biochemical methods

Plasma cortisol levels were determined with RIA
kit (Immunotech, France) with intra-assay variability
5.1 % and inter-assay variability 9.2 %. Urinary free
cortisol (UFC) was determined by the same RIA Kkit.
Serum insulin concentration was measured by RIA kits
(Pharmacia-Upjohn  Diagnostics, Sweden). Insulin
resistance was assessed by the HOMA-R index calculated
from fasting blood glucose (G) and insulin (I)
concentrations using the formula: (G*I)/22.5 (Matthews
et al. 1985).

Total serum cholesterol (TC), HDL- and LDL-
cholesterol (HDL-C, LDL-C), and triglycerides (TG)
were measured by routine methods on Hitachi analyzer.
Glycated hemoglobin HbA ¢ was analyzed with the Imx
Ghb Assay system on Abbot analyzer (USA) using
DCCT calibration. Plasma glucose was measured by
standard glucose oxidase method on the Super GL
ambulance analyzer (Dr. Miiller Gerdtebau, Germany).
dismutase activity (SOD) in
1.15.1.1.) was in the
xanthine-xanthine oxidase system on spectrophotometer
Genesys 5, USA (McCord and Fridovich 1969). Plasma

malondialdehyde (MDA) concentration was measured by

Cu,Zn-superoxide

erythrocytes (EC evaluated

fluorimetric method (Yagi 1976). Fibrinolysis was

characterized by plasma concentrations of tissue
plasminogen activator (tPA) and its inhibitor (PAI-1) and
determined by ELISA method using Coalisa tPA and

PAI-1 commercial kits (KABI Diagnostics, Sweden).
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Table 1. Characteristic of patients with hypercortisolism (HC), normalized cortisol secretion after treatment (NC) and control subjects

©).
HC (n=29) NC (n=10) C(n=16)

Age (years) 47+ 12 45+ 11 48+ 11
Gender (M/F) 8/21 4/6 4/12

BMI (kg.m™) 31.30 +7.07 27.97 + 8.09 28.66 + 3.52
fP-glucose (mmol.I'") 7.55+£3.75 527+0.73 5.16+£0.24
HbA ¢ (%) 75+18% 58413 47+03
UFC (nmol/24 h) 1702.8 £2709.5 *¢ 146.8 + 110.1 186.0 +79.9
midnight plasma cortisol (nmol.I"") 682.9 +£353.8 ¢ 94.8 +38.2 -
fP-cortisol in LDDST (nmol.I”) 728.2 £369.1 *° 47.6 +16.2 539+ 125
fS-TC (mmol.I') 722 +£1.67%° 5.35+0.50 538+0.78
fS-HDL-C (mmol.I") 144 £0.27° 1.27 £0.34 119021
fS-LDL-C (mmol.I"") 428+1.27*° 3.29+0.39 3.44+0.67
S-TG (mmol.I'") 2.89+1.26° 1.94+1.28 1.66 + 0.94
fS-Insulin (mU.I") 35+24° 2145 16+ 12
HOMA-R 12.20 + 12.58 4.60+ 1.45 34+1.9
SBP (mm Hg) 148 +21° 133+£10° 122+6
DBP (mm Hg) 92+13° 82+8 77+6

Fasting plasma (fP) or fasting serum (fS) samples were used for analysis. Significant differences: between groups HC and NC *p<0.05,
¥p<0.01; between groups HC or NC and control group (C) p<0.05, °p<0.01, °p<0.001.

Table 2. Parameters of oxidative stress, endothelial function, fibrinolysis and microvascular reactivity in patients with hypercortisolemia
(HC), normalized cortisol secretion after treatment (NC) and control subjects (C).

HC (n =29) NC (n =10) C(n=16)
fP-MDA (umol.17) 271+0.61*° 2.07+0.28 2.14+0.37
Cu,Zn-SOD (U) 0.88+0.29 ¢ 0.95+0.18° 1.31£0.13
fP-tPA (ng.ml") 7.87+£3.43* 447+2.72 436+ 1.57
fP-PAI-I (ng.ml") 80.83 + 33.42 76.88 + 33.50 99.19 +32.29
fP-NAG (U.I'") 22.92 +7.74 21.19 £ 6.06 18.66 +5.92
[S-E-selectin (ng.ml”) 47.65 +23.27 57.28 £26.18 41.36 + 14.18
fS-P-selectin (ng.ml") 169.00 + 63.60 175.17 + 62.08 132.02 + 47.22
fS-ICAM-1 (ng.ml’") 227.40 + 67.13 *° 290.84 +74.22° 210.94 + 56.33
PORHmax (PU) 46.30 +25.39° 59.02 + 35.56 64.25 +24.97
PORHmax/t (PU/s) 3.95+2.53 4.08 +3.41 5.41+2.89
PORH% (%) 441.33 + 265.64 469.90 + 285.47 591.31 + 194.53
THmax (PU) 115.89 +71.51 ¢ 144.11 + 73.80 171.63 + 68.06
THmax/t (PU/s) 127+0.90° 1.66 £ 0.76 2.30+1.39
TH% (%) 1305.37 + 815.71 1281.70 + 515.77 1768.06 + 628.07

Fasting plasma (fP) or fasting serum (fS) samples were used for analysis. Significant differences: between groups HC and NC *p<0.05,
¥p<0.01; between groups HC or NC and control group (C) 2p<0.05, °p<0.01, p<0.001.

Serum  N-acetyl-B-glucosaminidase  activity
(NAG, EC 3.2.1.30), E-selectin, P-selectin, and ICAM-1
were used as biochemical markers of endothelial activity

and these cell adhesion molecules were assessed by
commercial ELISA kits manufactured by RD System
Europe, Ltd. (UK). Serum NAG was determined by
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spectrophotometric assay using p-nitrophenyl-N-acetyl-p-
D-glucosaminide (Sigma, USA) as a substrate (Skrha et
al. 1987). Immunoassays had an intraassay variability
below 5 % and interassay variability below 8 %. All
samples from the patients were measured in one assay to
minimize the effect of variation.

Microvascular reactivity

Skin microvascular reactivity (MVR) was
measured by laser Doppler flowmetry using a PeriFlux
PF 4001 Master laser instrument and a PeriTemp 4001
Heater thermostatic unit manufactured by Perimed
(Sweden). Instrument settings were as follows: time
constant 0.02 s, sampling frequency 32 Hz, averaging
from two samples. Measurements were done at a room
temperature of 22 °C in a sitting position, and all subjects
rested for at least 30 min in order to acclimatize before
examination. Post-occlusive reactive hyperemia (PORH)
and thermal hyperemia (TH) tests were chosen for the
assessment of microvascular reactivity. A  single
thermostatic probe (type 455, 23 mm diameter, fiber
separation 0.25 mm) was used for both tests. Optical
fibers in this probe are integrated into the heating plate
and thus the entire area of tissue under the probe is
heated. The probe was fixed with double-stick discs (3M,
USA) to the forearm and its temperature was set to 32 °C
for the purpose of skin thermal stabilization during
PORH. A temperature of 44 °C was used during TH as
the thermal stimulus.

Basal perfusion (PORHb) was measured for
2 min before the PORH test. The brachial artery was then
occluded by a sphygmomanometer cuff inflated to a
suprasystolic pressure for 3.5 min. The cuff was applied
around the arm before the procedure started in order to
avoid any extra manipulation with the extremity during
the test. PORH was recorded after 3.5 min of arterial
occlusion. Maximal perfusion during hyperemia was
recorded (PORHmax) as well as the time needed for
reaching this maximal perfusion (PORHt). The velocity
of the perfusion increase (PORHmax/t) was calculated as
the ratio of PORHmax and PORHt. Relative hyperemia
(PORH %) was calculated as a percent increase above the
baseline (PORH % = (PORHmax/PORHb — 1)*100).

Thermal hyperemia was measured 10 min after
the PORH test at the same location. The probe
temperature was set to 44 °C and parameters THmax,
THt, and THmax/t were recorded or calculated similarly
as those in the PORH test. TH % was calculated using
formula TH % = (THmax/PORHb — 1)*100. Perfusion is

given in arbitrary perfusion units (PU). Perisoft for DOS
5.10 C2 and Perisoft for Windows 2.5 software were used
for recording and evaluating perfusion data. Records
were blinded and the evaluation was performed by a
single operator. The intra-individual coefficient of
variation of the laser Doppler method in 5 healthy
subjects measured ten times on ten consecutive days
varied from 17 to 24 % in TH and 19 to 25 % in PORH,
depending on the analyzed parameter.

We did not repeat the examination of MVR in
the control group as the effect of time difference in
healthy subjects is negligible — about 0.55-0.88 flow units
per year, i.e. estimated 0.4-0.7 % decrease in both resting
and stimulated skin blood flow (Petrofsky and Lee 2005).

Statistical evaluation

Statistical evaluation was performed by S.A.S.
8.2 software. Basic descriptive statistics were calculated
for presented parameters. ANOVA, Student’s t-test or
Wilcoxon’s test, Mann-Whitney and Kolmogorov-
Smirnov tests were used for comparing data between
groups. Tests were selected depending on normality of
data distribution. Pearson’s and Spearman’s correlations
were used for analysis of relationships between measured
parameters. Data are expressed as mean + S.D. if not
stated otherwise.

Results

Results of BMI, UFC, midnight cortisol and
cortisol after LDDST, glucose, HbA,c, triglycerides,
insulin and HOMA-R are shown in Table 1. As expected,
patients with Cushing’s syndrome differed significantly
from the control group in parameters of cortisol secretion
and were typically characterized by significantly elevated
urinary free cortisol (UFC, p<0.001), plasma midnight
cortisol levels (p<0.001) and abnormal plasma cortisol
(p<0.001)
(Table 1). Significantly higher concentrations of lipid

response after 1.0 mg dexamethasone
parameters were found in HC group and their decrease to
values comparable with the controls was observed after
treatment. Significantly higher systolic blood pressure
(SBP) and diastolic blood pressure (DBP) was found in
HC group as compared to controls. Patients in NC group
had significantly elevated SBP only.

Parameters of fibrinolysis, oxidative stress and
endothelial activity are given in Table 2. Plasma MDA
was significantly higher in HC group compared to values
after treatment and also compared to control group.
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Fig. 1. Comparison of maximal perfusion during thermal
hyperemia (THmax) in patients with Cushing’s syndrome with
and without diabetes mellitus (DM+, DM-) and arterial
hypertension (AH+, AH-), and control subjects. Statistical
significance of differences between DM-AH+ or DM+AH+ and
controls (*p<0.01, **p<0.005), and DM-AH+ or DM+AH+ and
DM-AH- (*p<0.03, **p<0.01).

Cu,Zn-SOD activity was significantly decreased in HC
and NC groups compared to controls. Plasma tPA was
significantly elevated in hypercortisolemic conditions and
normalized after the treatment. Concentration of ICAM-1
was higher in both HC and NC group when compared to
controls. Surprisingly, the highest levels were measured
in patients after normalization of cortisol. The difference
was also significant when comparing NC to HC group. E-
and P-selectin concentrations were non-significantly
higher in patients with hypercortisolism.

Microvascular reactivity in the examined
subjects is shown in Table 2. Microvascular reactivity
was significantly diminished in three parameters in group
HC compared to controls. A trend towards improvement
of MVR could be observed after the normalization of
cortisol levels, but these differences did not reach
statistical significance when compared to both HC and
control groups.

Patients with hypercortisolism were further
subdivided into two groups depending on BMI (cut-off
value 30 kg.m™). In fourteen patients with higher BMI as
compared to fifteen patients with lower BMI (37.3+£5.9 vs
26.1x2.1 kgm™, p<0.001) triglyceride concentration
(3.53+1.39 vs. 2.30+£0.78 mmoll', p=0.01), NAG
activity (27.0£8.5 vs. 18.9+4.3 U.I", p=0.01) and PAI-1
(103.1£33.9 vs. 60.6£15.8
p=0.001) were significantly elevated. Furthermore, the

concentration ng.ml™,
results in two subgroups divided according to total
cholesterol concentration (cut-off level 6.5 mmol.l™)
were evaluated. Twelve subjects with higher total

Fig. 2. Comparison of velocity of perfusion increase during
thermal hyperemia (THmax/t) in patients with Cushing’s
syndrome with and without diabetes mellitus (DM+, DM-) and
arterial hypertension (AH+, AH-), and control subjects. Statistical
significance of differences between DM-AH+ or DM+AH+ and
controls (*p<0.01, **p<0.005), and DM-AH+ or DM+AH+ and
DM-AH- (*p<0.03, **p<0.01).

cholesterol (8.12+1.51 vs. 5.81+0.51 mmol.l", p<0.001)
had also significantly higher LDL-cholesterol (4.92+1.36
vs 3.47+0.47 mmol.I", p=0.01) and ICAM-1 (250.2+74.0
vs. 192.0£34.2 ng.ml”, p=0.03) than seventeen subjects
with lower total cholesterol. Patients in HC group did not
differ significantly in any parameter depending on the
presence of diabetes mellitus. The only significant
difference between diabetic patients treated with insulin
and the rest of the HC group was found in PAI-1
(123.5+30.8 vs. 70.1£25.2 ng.ml”, p<0.01). However,
significant differences were found in parameters of
microvascular reactivity between hypercortisolemic
patients with and without arterial hypertension, although
in both

were

biochemical parameters were comparable

PORHmax and PORHmax/t
significantly lower in hypertensive than in normotensive
patients (36.3£13.0 vs. 63.3+32.4 PU, p<0.01 and
3.2+1.5 vs. 5.243.4 PU.s", p<0.05, respectively), and
similarly THmax and THmax/t (90.4+36.6 vs. 159.2+95.3
PU, p<0.05, and 0.95£0.6 vs. 1.8+1.1 PU.s", p<0.05,

Comparison of these parameters of

subgroups.

respectively).
microvascular reactivity in hypercortisolemic subjects
with respect to the presence of both diabetes mellitus and
hypertension is shown in Figures 1, 2 and 3.

Subjects in control group were also subdivided
based on BMI and TC. Cut-off values were different
(BMI 30 kg.m™, TC 5.5 mmol.I'") and were set to gain
comparable number of subjects in each subgroup. In eight
subjects with higher BMI (31.7+1.7 vs. 25.6+1.7 kg.m™,
p<0.001) elevated concentration of PAI-1 and ICAM-1



18 Prazny et al.

Vol. 57

350
— Mean
] +SEmM _
300 }- | *SD
250
=)
=k
= 200
©
E —
£
i3
150 +*+ =
h % o
50
DM-AH+ DM-AH- DM+AH+ DM+AH-  Controls
(n=8) (n=6) (n=9) (n=6)

Fig. 3. Comparison of maximal perfusion during post-occlusive
reactive hyperemia (PORHmax) in patients with Cushing’s
syndrome with and without diabetes mellitus (DM+, DM-) and
arterial hypertension (AH+, AH-), and control subjects. Statistical
significance of differences between DM-AH+ or DM+AH+ and
controls (*p<0.01, **p<0.005), and DM-AH+ or DM+AH+ and
DM-AH- (*p<0.03, **p<0.01).

was observed (113.7£17.7 vs. 62.9+36.3 ng.ml”, p=0.04,
and 241.5+50.1 vs. 180.4+46.4 mg.ml"l, p=0.02,
respectively) than in the group of eight subjects with
lower BMI. Significantly higher microvascular reactivity
(PORH % 685.5+135.1 vs. 497.1£206.3 %, p=0.04) was
also found in the group with lower BMI. In the subgroup
of eight control subjects with higher total cholesterol
(6.03+0.47 vs. 4.74+0.39 mmol.I"', p<0.001) we have
found higher LDL-cholesterol (3.96+0.41 vs. 2.92+0.41
p<0.001)
reactivity in two parameters (PORHmax 52.0+15.3 vs.
76.5£27.5 PU, p=0.04, and THmax 137.3+42.7 vs.
206.0+£73.5 PU, p=0.03) than in eight subjects with lower
total cholesterol.

mmol.I", and diminished microvascular

Correlation analysis
Patients with hypercortisolism

PAI-1 concentration correlated positively with
BMI (r=0.62, p=0.001), triglycerides (r=0.56,
p=0.003), serum NAG activity (r=0.58, p=0.008) and
tPA concentration (r=0.65, p=0.002).
positive correlation was found between NAG activity and

Significant

BMI (r=0.63, p=0.002), whereas inverse relationship
was observed between NAG and Cu,Zn-SOD activities
(r=-0.56, p=0.02) and systolic blood pressure (r =-0.59,
p=0.005). An inverse relationship was found between
ICAM-1 and thermal hyperemia expressed in % (TH %,

=-0.44, p=0.02), whereas ICAM-1 positively correlated
with total cholesterol (r=0.46, p=0.02) and fasting
plasma glucose (r=0.58, p=0.003). Malondialdehyde

concentration was related to total cholesterol (r=0.61,
p=0.004). PORHmax and THmax/t were inversely related
to systolic blood pressure (r=-0.50, p=0.009, and
r=-0.42, p=0.03, respectively).

Normalized cortisol secretion group

The only significant relationship in this group
was observed between ICAM-1 and the velocity of
perfusion increase during thermal hyperemia (r=0.75,
p=0.04).

Control group

ICAM-1 concentration correlated significantly
with BMI (r=0.55, p=0.03) and triglycerides (r = 0.65,
p=0.009). Concentration of P-selectin was associated
with triglycerides as well (r=0.63, p=0.009). Inverse
relationship was found between NAG activity and the
velocity of perfusion increase during post-occlusive
reactive hyperemia (r = —0.60, p=0.02). NAG activity was
positively associated with tPA concentration (r=0.84,
p=0.02). Malondiadehyde was inversely related to
PORHmax/t (r=-0.71, p=0.01), THmax (r=-0.59,
p=0.05) and THmax/t (r =-0.62, p=0.03).

Discussion

Body weight, lipid parameters, insulin resistance

Total, HDL- and LDL-cholesterol, and
triglyceride concentrations were elevated in patients with
hypercortisolism. This is a well-known feature of
hypercortisolism associated with obesity, decreased
sympathetic activity, hyperglycemic effects of cortisol
1996).

Markedly increased lipolysis in abdominal subcutaneous

and relative insulinopenia (Friedman et al.
adipose tissue was demonstrated in patients with
Cushing’s syndrome using microdialysis method (Kr$ek
et al. 2006). After normalization of cortisol secretion all
measured parameters of lipid metabolism decreased and
BMI also
decreased after successful treatment, but the difference

were comparable with control subjects.
was not statistically significant. BMI was comparable in
all three groups.

Higher
hypercortisolemic patients reflects the presence of insulin

serum insulin  concentration in
resistance as documented by increased HOMA-R index.
Glucocorticoids increase the insulin resistance and can
cause secondary “steroid” diabetes mellitus which is
therefore very common in Cushing’s syndrome (in our

group it was observed in approximately half of patients).
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Insulin resistance declines after normalization of plasma
cortisol levels and similarly does insulin concentration.
Glucose metabolism usually improves after successful
treatment. In current study there were no patients with
diabetes 6 to 24 months after normalization of cortisol
secretion, and serum insulin concentration and HOMA-R
index were comparable with control group.

Fibrinolysis

Hypercortisolism is associated with changes in
fibrinolysis. These changes may also contribute to the
(Skrha  2003).
Hypercoagulation has been described in patients with

development of  atherosclerosis

Cushing’s syndrome and the incidence of flebo-
thrombosis and embolization is increased (Boscaro et al.
2002). This
explained by increased levels of procoagulation factors
and depletion of antitrombin-III (Jacoby et al. 2001). In

our group only two patients suffered previously from

impairment of coagulation process is

pulmonary embolism. We have examined fibrinolysis by
tPA and PAI-1. Plasma tPA
significantly higher in patients with hypercortisolism and

concentration was

positively correlated only with PAI-1 in this group. PAI-1
correlated well with BMI, triglycerides, and NAG in
patients with hypercortisolism but not in cured patients or
controls. The highest PAI-1 concentrations were found in
hypercortisolemic diabetic patients treated with insulin
who were obese and had hypercholesterolemia (mean
BMI 35 kg.m? mean TC 82 mmoll"). Impaired
fibrinolysis is closely related to endothelial dysfunction
in different disorders (With ef al. 2006) and our findings
support the presence of this relationship also in
endogenous hypercortisolism. In the control group the
relationship between tPA and NAG demonstrates
possible association of fibrinolysis with endothelial
function in normal conditions as well. We suggest that
procoagulation status in Cushing’s syndrome may be
influenced by increased body weight and disorders of
lipid metabolism.

Oxidative stress

Oxidative stress is one of key factors in
development of atherosclerosis (Harrison et al. 2003).
Reactive oxygen species and their oxidized products
stimulate nuclear factor kB (NF-xB) (Aoki et al. 2001), a
heterodimeric cytoplasmatic protein. Activated NF-xB
migrates through nuclear membrane, binds to B
responsive elements and modulates gene transcription. It
is followed by endothelial activation, production of

cytoadhesive molecules, chemotactic and growth factors.
Glucocorticoids inhibit NF-kB by inducing synthesis of
its inhibitor (IkB), decreasing the binding to responsive
elements in nucleus and probably also by other
2002).

Glucocorticoids also inhibit the production of reactive

mechanisms  (Almawi and Melemedjian
oxygen species in vascular smooth muscle and their
effect could be protective (Marumo et al. 1998). On the
other hand, obesity, often present in Cushing’s syndrome,
is associated with increased oxidative stress as described
previously (Vincent and Taylor 2005).

In the present study we have measured plasma
MDA and activity of Cu,Zn-SOD to estimate oxidative
stress. MDA 1is a product of lipid oxidation and usually it
is higher in patients with hypertriglyceridemia (Rumley et
al. 2004). As we expected, increased MDA concentration
was found in patients with Cushing’s syndrome in the
present study. We found a relationship between total
cholesterol and MDA levels but to our surprise not
between triglycerides and MDA. Activity of Cu,Zn-SOD
was significantly lower in both groups of patients. Cu,Zn-
SOD was negatively associated with NAG only in HC
group suggesting thus a possible influence of oxidative
stress on endothelial function in hypercortisolism. A link
was suggested also between oxidative stress and arterial
hypertension (Landmesser and Harrison 2001). Elevated
MDA and lower activity of Cu,Zn-SOD documents the
presence of increased oxidative stress and depleted
antioxidative defense in hypercortisolemic subjects. We
conclude that hypercortisolism does not inhibit oxidative
stress and protective effects of glucocorticoids are
suppressed by pro-oxidative processes or insufficient
antioxidant mechanisms in patients with Cushing’s
syndrome.

Endothelial dysfunction

We used serum NAG activity, P-selectin,
E-selectin, and ICAM-1 concentrations as biochemical
markers of endothelial dysfunction. Increased ICAM-1
concentration found in patients with hypercortisolism
indicates the presence of endothelial dysfunction. In fact,
the highest ICAM-1 levels were present in patients with
normalized plasma cortisol concentration after successful
treatment. It documents the presence of persistent
endothelial dysfunction also in cured patients.

NAG, P-selectin, and E-selectin concentrations
were comparable with controls, however, higher values of
NAG were found in hypercortisolemic subjects with
increased BMI. In patients with Cushing’s syndrome
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ICAM-1 was significantly higher in patients with
increased cholesterol levels rather than in those with
increased BMI.

In the ICAM-1
concentration was present in subjects with higher BMI.

control group higher
Furthermore, in the group of control subjects ICAM-1

and P-selectin levels correlated significantly with
triglycerides. These findings indicate the association
between endothelial dysfunction, obesity and parameters
of lipid metabolism also in normal conditions. Positive
relationship between cell adhesion molecules and
oxidative stress has been previously discussed (Ceriello et
al. 1996, Cominacini et al. 1997). NAG activity is also
influenced by oxidative stress (Skrha and Hilgertova
1999). In the present study this association is supported
by negative correlation between NAG and Cu,Zn-SOD
activity in hypercortisolemic patients. Endothelial
dysfunction indicated by NAG and ICAM-1 values in
patients with hypercortisolism may therefore also be

influenced by oxidative stress.

Microcirculation

Microvascular reactivity was measured by laser
Doppler technique. It is a non-invasive method estimating
capillary skin perfusion and can also be used for detection
of endothelial dysfunction (Binggeli et al. 2003, Khan et
al. 2000, Skrha ez al. 2001). Although it is very sensitive,
it can be relatively easily influenced by many factors and
strictly standard setting of examination is necessary to
gain valid results. In the standard conditions it brings
consistent and valid data (Yvonne-Tee ef al. 2006). In
current study we observed impaired maximal perfusion
during post-occlusive reactive hyperemia and also during
thermal hyperemia in patients with Cushing’s syndrome.
The velocity of perfusion increase during thermal
hyperemia, a dynamic parameter used for assessment of
vascular reactivity, was also decreased. These changes
indicate the presence of endothelial dysfunction and
impaired microvascular reactivity in  Cushing’s
syndrome.

ICAM-1 was

hyperemia in patients with active Cushing’s syndrome.

inversely related to thermal

On the contrary, positive relationship between ICAM-1
concentration and the velocity of perfusion increase
during thermal hyperemia was detected in subjects with
normalized cortisol. In these patients, the highest levels
of ICAM-1 were measured. However, no relationship
between ICAM-1 and microvascular reactivity was
observed in this group either. We can only speculate that

increased ICAM-1 levels in this group may reflect
intensive reparational changes in circulation after long-
term impairment evoked by hypercortisolism and
associated comorbidities. In control subjects negative
correlation was found between the velocity of perfusion
increase during thermal hyperemia and serum NAG
activity, and inverse relationships were observed between
MDA and three parameters of microvacular reactivity.
These were not present in patients with hypercortisolism
or in cured patients. Oxidative stress and endothelial
dysfunction may thus modulate microvascular reactivity
in normal conditions, but other factors are probably more
dominant in hypercortisolism.

There are several pathophysiological
mechanisms leading to arterial hypertension in patients
with Cushing’s syndrome, including stimulation of
mineralocorticoid and glucocorticoid receptors, insulin
resistance, and overexpression of renin-angiotensin
system (Sacerdote et al. 2005). Two parameters of MVR
correlated negatively with systolic blood pressure in our
study. Following this finding, we compared patients with
Cushing’s syndrome with respect to the presence of
diabetes mellitus and arterial hypertension. Both diabetes
mellitus and arterial hypertension are associated with
endothelial dysfunction (Landmesser and Harrison 2001,
Schalkwijk and Stehouwer 2005). In the current study,
the most of microvascular
with
hypertension (Figs 1, 2 and 3). The presence of diabetes

expressed impairment

reactivity was clearly present in patients
mellitus brings an additional statistically nonsignificant
impairment to parameters of MVR in THmax and
PORHmax. The combination of both these pathological
conditions, diabetes mellitus and arterial hypertension,
then led to the most decreased microvascular reactivity in

patients with Cushing’s syndrome.
Conclusions

In the current study we have found arterial
hypertension, insulin resistance, impaired fibrinolysis,
increased oxidative stress, endothelial dysfunction and
in patients with
Cushing’s syndrome. Based on the obtained results, we

impaired microvascular reactivity

conclude that microvascular reactivity can be modulated
by many factors in hypercortisolism but the most
important is probably the presence of arterial
hypertension. Further research in this field and longer
observation of larger number of patients with endogenous

hypercortisolism is necessary to analyze the association
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complicated by the rarity of this disease. It is not clear
whether impaired microcirculation is directly associated
with macroangiopathic complications in Cushing’s
syndrome (and this study cannot answer such question)
but if so, strict control of blood pressure could potentially
reduce increased cardiovascular morbidity and mortality

in patients with Cushing’s syndrome.
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