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ABSTRACT

The mechanisms contributing to diabetic cardiomyopathy, as well as the protective pathways of
the kallikrein-kinin-system (KKS), are incompletely understood. In a kallikrein-overexpressing
rat model of streptozotocin (STZ)-induced diabetic cardiomyopathy, we investigated the
involvement of inflammatory pathways, endothelial dysfunction, and oxidative stress. Six weeks
after STZ injection, impairment of left ventricular (LV) function parameters measured by a
Millar-tip catheter (peak LV systolic pressure; dP/dtmax; dP/dtmin) was accompanied by a
significant increment of ICAM-1 and VCAM-1 (CAMSs) expression, as well as of (,-leukocyte-
integrins” (CD18", CD11a", CD11b") and cytokine (TNF-a and IL-1pB)-expressing infiltrates in
male Sprague-Dawley (SD-STZ) rats compared with normoglycemic littermates. Furthermore,
SD-STZ rats demonstrated a significant impairment of endothelium-dependent relaxation evoked
by acetylcholine and significantly increased plasma TBARS (plasma thiobarbituric acid reactive
substances) levels as a measure of oxidative stress. These diabetic cardiomyopathy-associated
alterations were significantly attenuated (P<0.05) in diabetic transgenic rats expressing the
human kallikrein 1 (hKLK1) gene with STZ-induced diabetes. CAMs expression, [3,-leukocyte-
integrins®, and cytokine-expressing infiltrates correlated significantly with all evaluated LV
function parameters. The multiple protective effects of the KKS in experimental diabetic
cardiomyopathy comprise the inhibition of intramyocardial inflammation (CAMs expression, [3,-
leukocyte-integrins® infiltration and cytokine expression), an improvement of endothelium-
dependent relaxation and the attenuation of oxidative stress. These insights might have
therapeutic implications also for human diabetic cardiomyopathy.
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conditions (1). Epidemiological studies have revealed a significantly increased risk of

heart failure in diabetic patients, and moreover, a significant prognostic impact in heart
failure has been elucidated for diabetes (2). Diabetes mellitus is an independent risk factor for
left ventricular (LV) dysfunction (3). Diverse pathogenic mechanisms contribute to diabetic
cardiomyopathy, among others, microangiopathy, myocardial fibrosis, oxidative damage, and
cell death (4-8).

D iabetic cardiomyopathy is a specific entity of cardiomyopathies associated with diabetic

Kinins, like bradykinin, which are produced after enzymatic cleavage of kininogens by kallikrein
(KLK), counteract a diverse range of physiological and pathological functions of the rennin-
angiotensin system (9) and are of special interest in diabetic cardiomyopathy. The kallikrein
kinin system (KKS) is impaired under diabetic conditions (10). Bradykinin-deficient mice
develop dilated cardiomyopathy, implying that kinins are essential for the functional and
structural preservation of the heart (11, 12). The significant induction of bradykinin B1- and B2-
receptors in the early stages of streptozotocin (STZ)-induced cardiomyopathy indicates that
regulatory mechanisms of the KKS are involved in diabetic cardiomyopathy (13). In particular,
bradykinin’s NO-related free radical scavenging properties, endothelium-dependent vasodilating,
and antifibrotic and antihypertrophic actions, as well as their stimulating effect on glucose uptake
are thought to be beneficial in diabetes (14-19). This is in agreement with findings that KLK
gene transfer prevents diabetic peripheral microangiopathy (20) and, furthermore, that diabetic
rats with transgenic expression of the human Kkallikrein-1 gene (TGR(hKLK1)) show an
improvement of the deranged extracellular matrix regulation (21) and an improvement of the
defective sarcoplasmic reticulum Ca®" transport in diabetic rat hearts expressing hKLK1 (22).
These transgenic rats are characterized by increased basal cardiac mRNA levels of both
bradykinin receptor types and by increased basal levels of the coronary bradykinin outflow (22).
A further protective pathway of the KKS might be the specific inhibition of cell adhesion
molecules (such as ICAM-1 with B,-leukocyte-integrins) by polypeptides derived from high-
molecular-weight kininogens (23).

Multiple pathogenic mechanisms are responsible for the endothelial CAMs induction, such as
proinflammatory cytokine expression, oxidative stress, and hyperglycemia (24-27). Endothelial
abundance of cell adhesion molecules (CAMSs) is associated with endothelial dysfunction in
human-dilated cardiomyopathy, implicating a functional role of inflammatory endothelial
activation in heart failure (28, 29). Intramyocardial inflammation, characterized by
immunocompetent infiltrates and induction of endothelial CAMs, has been confirmed in a
significant proportion of dilated cardiomyopathy patients (28); however, so far, the role of
inflammation in the pathogenesis of diabetic cardiomyopathy has not been elucidated.
Transendothelial migration of immunocompetent cells is an orchestrated phenomenon mediated
by endothelial CAMs (such as ICAM-1), interacting with their specific counter-receptors on the
leukocyte surface (i.e., B.-leukocyte-integrins such as CD 18, LFA-1/CD11a, Mac-1/CD11b)
(24). The close relationship between endothelial CAMs abundance and the density of infiltrates
in inflammatory cardiomyopathy (28, 30) is in accordance with these theoretical considerations.

Furthermore, diabetic conditions also induce peroxidation, which is associated with increased
lipid peroxidation. Recent investigations suggest that diabetic conditions induce inflammatory
responses by oxidative mechanisms, which might contribute to the development of diabetic
cardiomyopathy (31-33).



In light of the possible involvement of intramyocardial inflammation in diabetic cardiomyopathy,
we investigated CAMs expression (ICAM-1 and VCAM-1) and [,-leukocyte-integrins®
infiltrates, as well as cytokine (TNF-a and IL-1[) expression in STZ-induced diabetic wild-type
rats, as well as the role of the cardioprotective role of the KKS under this hyperglycemic
condition by investigating diabetic TGR(hKLK1). Furthermore, we assessed endothelial function
by measurement of vascular tone in isolated mesenteric microvessels, and we assessed the degree
of oxidative stress by determination of plasma thiobarbituric acid reactive substances (TBARS)
in the wild-type and the transgenic strains, respectively.

METHODS
Animals and study design

Male Sprague-Dawley (SD) rats and TGR(hKLK1) weighing 300-330 g were maintained on a
12:12-h light-dark cycle and fed with a standard chow ad libitum (n=18/group). TGR(hKLK1)
were generated as described in detail elsewhere (17). In brief, a 5.6-kb DNA fragment containing
the entire (hKLK1) gene under the control of the heavy-metal responsive mouse metallothionein
promoter was microinjected into SD rat oocytes. The resultant founders were bred to
homozygosity. These transgenic rats are characterized by expression of the transgene in all
organs, with a rank order of expression heart>kidney>brain>lung. Transgenic protein generation
had been proven by determination of urinary hKLK1 protein in these animals (17).

Diabetes mellitus was induced by a single injection of STZ (70 mg/kg ip) diluted in 0.1 M
sodium citrate buffer, pH 4.5 (Sigma, Munich, Germany), as described in detail elsewhere (34).
Hyperglycemia was confirmed 48 h later by a reflectance meter (Acutrend, Hoffmann-La Roche,
Grenzach-Wyhlen, Germany). Vehicle-treated SD and TGR(hKLK1) served as controls
(n=18/group).

Hemodynamic characterization

Six weeks after injecting STZ or vehicle, heart rate (HR, bpm), LV peak systolic pressure (LVP,
in mmHg), the maximal rate of LV pressure rise (dP/dtmax, in mmHg/s) as a measure of LV
systolic contraction and the minimal rate of LV pressure fall (dP/dtnin,, in mmHg/s) as a measure
of LV systolic relaxation were recorded via a Millar-tip catheter (2F) system in anesthetized
[ketamine (50 mg/kg ip), 2% xylazine (5 mg/kg ip), ventilated, open-chest animals
(n=10/group)], as described in detail elsewhere (13). After the experiment, the hearts were
excised, and ~0.2-cm-thick transverse sections of the hearts embedded in Tissue Tec were snap-
frozen in liquid nitrogen and stored at —80°C.

Immunohistological staining procedures and quantification by digital image analysis

Serial 5-pym thick, transverse cryosections of Tissue Tec embedded hearts were placed on Poly-
L-Lysin precoated slides and fixed in cold acetone for 10 min and air-dried. Endogenous avidin
and biotin activity was blocked by the avidin biotin blocking kit, according to the manufacturer's
instructions (Vector, distributed by Biozol Inc., Munich, Germany). Immunohistochemistry was
carried out with mouse anti-rat (CAMs, CD18, CD11a, and CD11b, Serotec Inc., Munich,
Germany) or goat anti-rat antibodies (TNF-a and IL-1B, R&D Systems, Wiesbaden, Germany)
and Biotin-SP conjugated polyclonal goat anti-mouse or rabbit anti-goat secondary antibodies,



followed by the ABC Elite technique according to the manufacturer's instructions (Vector,
distributed by Biozol Inc., Munich, Germany), respectively (working dilution: 1:500).
Immunohistochemical stainings were quantified by digital image analysis (DIA), as described in
detail elsewhere (30, 35). All available fields (>30 fields) were measured, including the septum,
the right, and the left ventricles.

RNase-protection assay (RPA)

To detect cardiac IL-1 expression, a RNase-protection assay (RPA) was performed as recently
described (12) using the Ambion RPA |1 kit (ITC Biotechnology). The anti-sense RNA probe
was generated by T7-polymerase transcription using linearized plasmids containing fragments of
the IL-1 cDNA. In addition, a plasmid harboring rat L32 was used as an internal control. Probes
were radiolabeled with [*P]JUTP, and ~5 x 10* cpm of each probe was hybridized together with
25 g of total RNA per sample. After RNase A/T1 digestion, 365 bp from the IL-1 cDNA were
protected, as well as 127 bp from control rL32 sequences, respectively. The hybridized
fragments were then separated by electrophoresis on a denaturing gel and analyzed using the
FUJIX BAS2000 Phosphor-lmager system (Raytest, Straubenhardt, Germany). Quantitative
analysis was performed by measuring the intensity of the IL-1f3 band normalized by the intensity
of rL32.

Vascular tone of mesenteric microvessels

To investigate whether changes in adhesion molecule regulation of cardiac microvessels can be
associated with alterations of endothelial function, vascular reactivity of isolated microvessels
was studied ex vivo in age-matched animals (ranging from 20 to 22 weeks) in a parallel manner,
in such a way that vessels from SD and TGR, either control or diabetic, could be studied
simultaneously (n=8/group). Third branch mesenteric arteries were removed and placed on a
small vessel myograph (36), capable of measuring isometric tension and containing a
physiological solution, as already reported (37). Their passive tension and internal circumference
were determined and the mean internal diameter ranged between 200 and 400 pm with
nonsignificant differences among the different groups of rats. Afterward, endothelium-dependent
relaxations to acetylcholine (ACh) were recorded as described previously (37).

Plasma TBARS

The concentration of lipid peroxide was measured as thiobarbituric acid reactive substances
(TBARS), as published in detail elsewhere (38). Briefly, 25 pl plasma samples and the standard
(diluted 1:3 in NaCl 0,9%) were incubated with 1.6 ml H,SO,4 (0.042 mol/l) and 0.4 ml TBA
(0.041 mol/l) in 50% acetic acid (Sigma, Munich, Germany) for 60 min at 90°C. After cooling in
ice water, 2 ml n-butanol/pyridine was added and the mixture shaken and centrifuged at 3,000
U/min for 10 min. The butanol phase was used for measurement of TBARS fluorescence
(excitation 515 nm, emission 533 nm). TBARS concentration was calculated using 1,1,3,3-
tetraethoxypropane dissolved in acetic acid as standard (Sigma, Munich, Germany).

Statistical analysis

Statistical analysis was performed using JMP Statistical Discovery SoftwareVersion 4.05 (SAS
Institute, Cary, NC). Quantitative and qualitative data were compared conducting the Wilcoxon-



Kruskal-Wallis test on rank sums. For multiple comparisons of groups, the “honestly significant
difference” for all pairs was calculated by the Tukey-Kramer post hoc analysis (0-level<0.05).
Continuous data were compared by multiple bivariate analysis, and the Spearman Rho
correlation coefficient was calculated. Measurements of IL-1 mRNA expression were expressed
as means + SeMm, and the student’s t test was used to compare the different groups. A P value
<0.05 was deemed statistically significant in all tests performed. Deviations from the mean
regarding the relaxant curves to Ach were compared by factorial two-way ANOVA.

RESULTS
Functional characteristics

Throughout the 6-week study period, SD-STZ and TGR(hKLK1)-STZ displayed severe
hyperglycemia and a loss in body weight. No significant differences were observed within the
diabetic SD and TGR(hKLK1) rats. LVP function did not differ between the nondiabetic SD and
TGR(hKLKZ1) controls. In contrast, SD-STZ showed a significant reduction of LVP, dP/dtyax.
and dP/dty. Importantly, LV function in TGR(hKLK1)-STZ was significantly improved
compared with SD-STZ rats and showed no significant difference compared with the
normoglycemic controls by Tukey-Kramer post hoc analysis (Table 1).

Endothelial CAMs expression and f,-leukocyte-integrins’ infiltrates

Both the DIA-quantified expressions of ICAM-1 and VCAM-1 were significantly increased in
the SD-STZ group compared with both either the nondiabetic SD and TGR(hKLK1) or the
diabetic TGR(hKLK1)-STZ rat cardiac sections, whereby the vehicle-treated nondiabetic SD and
TGR(hKLKZ1) did not statistically differ (Fig. 1, Table 2). SD-STZ hearts demonstrated also
significantly increased B,-leukocyte integrins® infiltrates (CD18" as the common B-chain, LFA-
1/CD11a" and Mac-1/CD11b") compared with both the nondiabetic SD and TGR(hKLK1) and
the diabetic TGR(hKLK1)-STZ littermates (Fig. 2, Table 2).

Expression of proinflammatory cytokines (TNF-a, IL-1pB)

Both immunohistochemically marked TNF-a* and IL-1p" expressing infiltrates quantified by
DIA (Fig. 3, Table 2), as well as the IL-13 mRNA levels quantified by RPA (Fig. 4), were
significantly increased in the SD-STZ group compared with both the nondiabetic SD and
TGR(hKLKZ1) and the diabetic TGR(hKLK1)-STZ rat cardiac sections, with the TGR(hKLK1)
not being statistically different from the nondiabetic SD rats (Table 2). Immunohistological
staining of cytokines demonstrated typically a focal pattern not restricted to the cytoplasm of
cells with decreasing immunoreactivity toward the periphery, consistent with local secretion of
these factors by the cytokine expressing cells (Fig. 3). The cytokine expressing cells were
distributed equally within the myocardial sections, and there was no specific preferential location
(e.g., right vs. left ventricle) of the cytokine-expressing cells.

Association between LV-function and inflammatory parameters

There was a significant association between LV-function parameters with cytokine (TNF-a and
IL-1B) expressing, PBr-leukocyte integrins™ infiltrates and CAMs (ICAM-1 and VCAM-1)
expression. Significant correlation failed exclusively for Mac-1/CD11b" macrophages with



dP/dtmax (Table 3). Interestingly, the significance level of Mac-1/CD11b" macrophages with the
remaining LVP and dP/dty;, was weaker compared with CD18" and LFA-1/CD11a", the latter
yielding consistently the highest significance levels (P<0.0001).

Endothelial function

There was no differences in the endothelium-dependent relaxations evoked by ACh in third
branch mesenteric vessels from nondiabetic SD and TGR(hKLK1) rats, indicating that
endothelial function under basal conditions are similar in both strains. Endothelium-dependent
relaxation evoked by ACh were similar in nondiabetic SD and TGR(hKLK1) rats, indicating
unaltered endothelial function under basal conditions in the transgenic animals. The impairment
of endothelium-dependent relaxations was significantly lower in diabetic TGR(hKLK1)-STZ
than in diabetic SD-STZ rats, suggesting a lower level of endothelial dysfunction due to KLK
overexpression under hyperglycemic conditions (Fig. 5).

Plasma TBARS levels

Plasma TBARS levels were measured as an indicator of lipid peroxidation. Both diabetic groups
(SD-STZ and TGR(hKLK1-STZ)) revealed significantly increased serum TBARS levels
compared with the normoglycemic littermates. SD-STZ rats depicted significantly higher
TBARS levels compared with all remaining groups. Plasma TBARS levels in TGR(hKLK1-
STZ) rats, although significantly increased compared with nondiabetic TGR(hKLK1) and SD
littermates, were still significantly lower compared with SD-STZ rats (Fig. 6).

DISCUSSION

Multiple, but still incompletely understood, mechanisms are involved in the pathogenesis of
diabetic cardiomyopathy. The important findings of this study are the involvement of
intramyocardial inflammation under STZ-induced diabetic conditions (CAMs expression,
immunocompetent infiltrates, and cytokine expression), and the protective effect of hKLK1 gene
transfer on LV function under hyperglycemic conditions, which was associated with significantly
decreased CAMs expression and immunocompetent infiltration. Moreover, hKLK1 gene transfer
led to substantially reduced indices of endothelial dysfunction and oxidative stress. Importantly,
the transgenic expression did not exert an antidiabetic effect per se, since TGR(hKLK1)-STZ rats
had equally high blood glucose levels and body weight loss. Our study may have implications on
the pathogenesis, histologic features, and possible therapeutic avenues targeting the KKS in
human diabetic cardiomyopathy.

Intramyocardial inflammation in experimental diabetic cardiomyopathy

Endothelial CAMs (ICAM-1 and VCAM-1) expression, Po-integrins® infiltrates, and cytokine
expression were significantly increased in STZ-induced diabetic cardiomyopathy. Above all,
there was an inverse correlation between LV function parameters and CAMs expression, as well
as infiltrate density. To the best of our knowledge, this is the first study elucidating a crucial
involvement of intramyocardial inflammation in STZ-induced experimental diabetic
cardiomyopathy in rats. Hyperlipoproteinemia and hyperglycemia induce several cytokines in
humans, possibly by oxidative stress (31). Because CAMs induction depends on cytokines, both
in general (24) and also specifically, in inflammatory heart disease in humans (39), induction of



cytokines under diabetic conditions might have contributed to the myocardial ICAM-1 and
VCAM-1 induction in our model, which then might have facilitated transendothelial migration of
infiltrates into the heart (27). Both inflammatory endothelial activation by CAMs (ICAM-1 and
VCAM-1) abundance, ICAM-1 counter-receptor B-integrins® infiltrates and CAMSs inducing
proinflammatory cytokines (TNF-a and IL-1B), as well as the significant association with all
investigated LV function parameters strongly suggests a causative relationship. The higher
significances in this multiple bivariate analysis calculated for LFA-1/CD11a’ infiltrates
compared with CD18" (common [-chain of p.-integrins) and especially Mac-1/CD11b"
macrophages (Table 3). Thus, albeit a mixed cellular infiltrate consisting of both lymphocytes
and macrophages is present in experimental diabetic cardiomyopathy, the LV function
depression might be exerted also by CD11a" phenotypes, including T-lymphocytes, cytotoxic T
lymphocytes, NK cells, and NKT cells, like the situation in human inflammatory
cardiomyopathy (40). Moreover, preservation on LV-function diabetic TGR(hKLK1)-STZ rats
was associated with baseline CAMs expression and infiltrate densities comparable with
nondiabetic TGR(hKLK1) and SD rats, which indicates that transgenic hKLK1 inhibits CAM
induction and immunocompetent infiltration dependent on these CAMs. Given the specific
inhibition of kininogens with the interactions of ICAM-1 with B,-leukocyte-integrins, it is
conceivable that the transgenic expression of hKLK1 inhibited CAMs-integrin interactions also
in our model and thereby also transendothelial migration of immunocompetent cells, which, in
turn, promote local expression of cytokines and further enhance the intramyocardial
inflammatory reaction by providing an additional stimulus for sustained endothelial CAMs
expression in terms of a vicious circle comparable to human inflammatory cardiomyopathy (39).
Further mechanisms such as interactions with the extracellular matrix, hypertrophy, and Ca**
homeostasis (17, 21, 22) may have contributed to the observed cardioprotective effects of the
transgenic expression of hKLK1 in this model of STZ-induced diabetic cardiomyopathy.

Endothelial dysfunction

It has been shown before that endothelial dysfunction is inversely related to the metabolic control
of diabetes and mainly due to enhanced oxidative stress inducing microischemia (33, 37). Our
findings on CAMs induction and intramyocardial inflammation (immunocompetent infiltration
and cytokine expression) provide an additional possible mechanism for endothelial dysfunction
in experimental diabetic cardiomyopathy in line with human dilated cardiomyopathy (29, 41).
Interestingly, transgenic expression of hKLK1 substantially reduced the indices of endothelial
dysfunction in our model. Antioxidative enzymes like superoxide dismutase and catalase are
reduced in hyperglycemia. Bradykinin increases superoxide dismutase and catalase, which is
paralleled by a significant decrease of hydrogen peroxide (42). Our observations on the
significant decrease of plasma TBARS content in TGR(hKLK1-STZ) compared with their SD-
STZ littermates are consistent with these insights. These antioxidative effects of kinins, however,
cannot explain the extent of myocardial function protection alone, since TBARS levels were still
higher in TGR(hKLK1-STZ) compared with the normoglycemic rats. It is conceivable that the
reduced oxidative stress TGR(hKLK1-STZ) might also have contributed to reduced cytokine
induction, CAMs expression, and consecutively to reduced immunocompetent infiltration, which
in turn may attenuate oxidative stress (32). In addition, as we have recently shown that KLK1
gene transfer led also to an improvement of cardiac extracellular matrix regulation and
intracellular Ca**-handling, effects, which contribute also to an improvement of LV function
under STZ-diabetic conditions (21, 22).



In conclusion, our data reveal multiple synergistic protective effects of the transgenic expression
of the hKLK1 by inhibition of intramyocardial inflammation (CAMs expression,
immunocompetent infiltration, and cytokine expression), and to an improvement of
microvascular reactivity, contributing to a reduction of oxidative stress. Therefore, the
stimulation of the KKS could be a promising target in the treatment of diabetic cardiomyopathy.
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Table 1

Hemodynamic parameters, blood glucose levels, and body weight

SD SD-STZ TGR(hKLK1) TGR(hKLK1)-
STZ
LVP, mmHg 74 54% 83 72
(72-90) (53-67) (80-88) (68-74)
dP/dty.x, mmHg/s 4,416 2,947* 5,010 3,771
(4,200-5,010) (2,187-3,250) (4,500-5,440) (3,433-4,615)
dP/dty,, mmHg/s -2,356 -1,875* -2,698 -2,583
(-3,302-2,250) (-2,093-1,389) (-3,375-2,352) (-2,719-2,280)
Heart rate, bpm 255 240 265 232
(240-258) (238-251) (237-279) (222-243)
Blood glucose, mg/dl 83 580* 87 610*
(80-98) (533-595) (80-105) (538-628)
Body weight, g 318 210* 337 216*
(308-346) (186-248) (316-355) (195-264)

The table depicts the hemodynamic values (median and interquartile ranges (25th—75th percentiles in parentheses). Significantly different values are
marked by *(Tukey-Kramer post hoc analysis; P<0.05). SD, Spraque-Dawley; TGR(hKLK1): human kallikrein 1- transgenic rat, STZ
streptozotocin.



Table 2

Endothelial CAMs expression, B-leukocyte-integrins® infiltrates, and cytokine expression

SD-CO SD-STZ TGR(hKLK1) TGR(hKLK1)-
STZ
ICAM-1 [AF] 0.0008 0.0046* 0.0025 0.0013
(0.0007-0.0013) (0.0044-0.0091) (0.0017-0.0031) (0.0005-0.0020)
VCAM-1 [AF] 0.0004 0.0034* 0.0010 0.0006
(0.0002-0.0006) (0.0017-0.0055) (0.0005-0.0010) (0.0005-0.0007)
CD18/mm” 23.6 60.5% 23.5 27.4
(17.5-25.1) (45.0-81.4) (15.4-32.5) (16.7-33.5)
CD11a/mm?’ 8.3 23.5% 5.9 10.0
(5.5-11.5) (21.5-26.9) (3.6-9.9) (5.6-14.5)
CD11b/mm? 16.3 36.4% 17.9 15.7
(7.7-18.6) (29.1-57.4) (13.6-25.5) (7.0-18.1)
TNFo/mm? 1.0 2.9% 0.6 1.1
(0.8-1.6) (1.6-3.4) (0.4-1.8) (0.7-1.2)
IL-1p/mm* 1.0 2.7% 1.0 0.2
(0.8-1.5) (2.1-3.8) (0.3-1.3) (0.0-2.0)

The table depicts the expression values (median and interquartile ranges (25th—75th percentiles in parentheses) measured by digital image analysis.

*Significantly different values (Tukey-Kramer post hoc analysis; P<0.05). AF, area fraction.



Table 3

Multiple bivariate analysis of CAMs-expression, B;-leukocyte-integrins® infiltrates, cytokine expression,

and hemodynamic data

The Spearman Rho correlation coefficients (third column) are illustrated by the horizontal bars; the corresponding P values are listed in the
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