Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 December 2017 d0i:10.20944/preprints201712.0186.v1

1 Review
> Title: Growth Hormone (GH) and Cardiovascular
3 system

Diego Caicedo !, Oscar Diaz 2, Pablo Devesa 3 and Jesus Devesa **

4
5 1 Department of Angiology and Vascular Surgery, Complejo Hospitalario Universitario de Pontevedra.
6 Spain. email: diego.caicedo.valdes@sergas.es
7 2 Department of Cardiology, Complejo Hospitalario Universitario de Pontevedra. Spain. email:

8 oscar.diaz.castro@sergas.es
9 3 Research and Development, The Medical Center Foltra; Teo, Spain. email: pdevesap@foltra.org

10 4+ Scientific Direction, The Medical Center Foltra; Teo, Spain. email: jesus.devesa@usc.es or

11 devesa.jesus@gmail.com

12 * Correspondence: jesus.devesa@usc.es or devesa.jesus@gmail.com; Tel.: +34-981-802-928

13 Abstract: This review describes the positive effects of growth hormone on the cardiovascular
14 system. We analyze why the vascular endothelium is a real internal secretion gland, whose
15 inflammation is the first step for developing atherosclerosis, as well as the mechanisms by which
16 GH acts on the vascular endothelium improving its dysfunction. We also report how GH acts on
17 coronary arterial disease and heart failure, and on peripheral arterial disease inducing the
18 generation of new collateral vessels able to bypass a major artery occlusion. We include some
19 preliminary data from a trial in which GH or placebo is given to elder people suffering from critical
20 limb ischemia, showing the effects of the hormone on plasma markers of inflammation, and stating
21 that the administration of GH in short periods of time is safe and effective even in diabetic patients.
22 We also analyze how Klotho may have strong relationships with GH, inducing, after being released
23 from the damaged vascular endothelium, the pituitary secretion of GH to repair the damaged tissue.
24 Lastly, we show how GH induces wound healing by increasing the blood flow to the ischemic tissue.
25 In summary, we postulate that short-time GH administration is useful for treating cardiovascular

26 diseases.
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30  1.Introduction

31 The hGH gene family is composed by two GH genes (GH-N and GH-V), and three placental
32 geneslocated in the chromosome 17 [1]. It has been considered that the GH-V gene is expressed only
33 in the placenta, although some studies indicated that this gene, or some other GH gene, still
34 unknown, could also be expressed in the human pituitary gland [2,3]. In the case of GH-N, it is
35  already well known that in addition to its pituitary expression, responsible for the actions of the
36 hormone at the endocrine level, the hormone is also expressed in numerous cells and tissues, where
37  itactsin an auto/paracrine manner [4]. Perhaps the heart is an exception to this peripheral expression
38  of GH, as we will see later.

39 The regulation of GH pituitary expression is very complex, since in the last few years the classical
40  knowledge of a positive regulation by GHRH and negative by somatostatin [5], has been changed
41  after the knowledge of a series of factors that are decisively involved in that regulation [6]. This is the
42 case, for instance, of the orexigenic ghrelin, released by the empty stomach, or the postulated anti-
43 senescence factor Klotho, mainly expressed in the kidney, but also in the brain and in the own
44 somatotroph cells where it would act in an auto/paracrine manner for directly regulating GH
45  secretion [7]; in addition, the growth differentiation factor 15 (GDF15), synthesized and released by
46  cardiomyocytes, inhibits GH-induced hepatic expression of IGF-], therefore inhibiting the IGF-I effect
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47  on hypothalamic somatostatin release and the direct negative effect of IGF-I on pituitary
48  somatotrophs, thus acting as a coordinator between cardiac function and body growth or other IGF-
49  Idependent GH effects on the human body [8].

50 Although the regulation of GH expression is not the aim of this review, perhaps the complexity
51  of its regulation would explain the fact that far beyond of the concept that GH is mainly a metabolic
52 hormone responsible for the longitudinal growth of the organism before puberty ends, the hormone
53  exerts many other actions on practically all the organs and tissues in the human body [4], as

54 schematized in Figure 1.
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56 Figure 1. GH is a pleiotropic hormone acting on many tissues and organs in the human organism.
57 Blue arrows show some of the most important territories in which the hormone produces positive
58 effects. For a better understanding of this schema, see reference [4]. AGs: Adrenal glands.
59 In this review, we will focus on the effects of GH on the cardiovascular system; but before it we

60  will analyze the role of the vascular endothelium as an internal secretion gland, as well as the main
61  pathologies that affect the cardiovascular system, to subsequently assess the effect that GH can play
62  inits treatment.

63 1.1. The role of the vascular endothelium as an internal secretion gland and the effects of GH on it

64 Histologically, the vascular endothelium is a single unicellular layer that covers the internal
65  surface of blood vessels and forms the wall of capillaries. However, despite its simplicity, this layer
66  is very complex in physiological terms, since its location allows it to be able to detect alterations in
67  the hemodynamic forces acting on the vascular wall (shear stress forces), as well as changes in
68  circulating chemical signals, responding to all this by releasing vasoactive compounds, able to act
69  oppositely depending on the signals received. For instance, at the level of hemostasis, the vascular
70  endothelium can produce both anti-hemostatic factors (protein C, prostacyclin PGI2, tissue
71 plasminogen activator, nitric oxide), or factors that favor hemostasis (von Willebrand factor, tissue
72 Factor III, plasminogen activator inhibitor, thromboxane A2). The same occurs with the vascular tone,
73 since vasodilators such as nitric oxide (NO) or prostacyclin (PGI2), and vasoconstrictors such as
74 angiotensin II, endothelin, thromboxane II and superoxide anion, can be released from the vascular
75  endothelium to contribute to vascular homeostasis. Moreover, the vascular endothelium produces
76  many growth factors, such as vascular endothelial growth factor (VEGF), platelet derived growth
77  factor (PDGF), basic fibroblast growth factor (bFGF), and endothelin; but also inhibitory growth
78  factors, as transforming growth factor-8 (TGF-B). Even, the vascular endothelium can participate in
79  immunological responses by producing interleukins (II-1, II-6 and I1-18), tumor necrosis factor-a
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80  (TNF-a), monocyte chemoattractant protein-1 (MCP-1), vascular cell adhesion molecule-1 (VCAM-
81 1), intercellular adhesion molecule-1 (ICAM-1) and selectins E and P.

82 Most of these factors act locally by auto/paracrine mechanisms, so that they allow, as stated
83 above, to regulate the vascular homeostasis.
84 In general, the vascular endothelium decreases the vascular tone, inhibits platelet adhesion and

85  aggregation, decreases the activation of the coagulation system, stimulates fibrinolysis, decreases
86  capillary permeability and inhibits the adhesion and migration of neutrophils and inflammation-
87  generating macrophages. Therefore, endothelial dysfunction, a primary event in the development of
88  atherosclerosis, is associated with increases smooth muscle vascular tone with arterial rigidity and
89  elevated intima-media thickness.
90 Interestingly, while there are clear evidences that the GH-receptor (GHR) is expressed in the
91  vascular endothelium [9,10], the possibility exists that GH itself is expressed in this territory, as in
92 vitro studies reflect [11]. In any case, there are not doubts about the fact that GH plays a very
93 important role on vascular endothelium. This statement is supported by early studies carried out in
94  children with GH-deficiency (GHD), in whom GH replacement therapy recovered existing
95 endothelial dysfunction. This is the case, for instance, of children with renal insufficiency; in them,
96  endothelial dysfunction is quite common finding, but GH therapy reverses it [12]. In addition, an
97  improvement of the arterial response to induced vasodilation were observed in GH-deficiency (GHD)
98  adolescents after GH-replacement therapy [13]; or in obese children, in whom obesity negatively
99  affects the secretion of GH and constitutes a risk of developing atherosclerosis prematurely [14].
100 Similar results have been found in GHD adults (AGHD) after receiving replacement therapy [15],
101 suggesting that GH reduces vascular inflammation, therefore reducing the vascular risk. Another
102 study in AGHD patients showed that GH treatment led to a significant decrease in plasma levels of
103 apolipoprotein B (Apo B) and C-reactive protein (CRP), while no changes were observed in IL-6 or
104 on markers of endothelial function; but in all, GH administration decreased the cardiovascular risk
105 inthem [16]. AGHD patients show impaired coronary flow reserve, which is improved after receiving
106  treatment with the hormone, suggesting that GH improves microvascular function and then could
107 reduce cardiovascular morbidity and mortality in these AGHD [17]. A more recent study describes
108  that six months of treatment with GH are enough to decrease cardiovascular risk and improve
109  endothelial dysfunction [18].
110 One of the biomarkers for cardiovascular disease is the loss of circulating CD34+ cells [19]; this
111 has been shown to be corrected after one year of GH treatment in AGHD, since the number of these
112 cells increased and endothelial function improved [20]. This agrees with the fact that GH increases
113 the production and release of endothelial progenitor cells (EPC) in non AGHD subjects, which in the
114 vascular endothelium act as a repair cells [21]. Moreover, GH replacement therapy improves
115  fibrinolysis in AGHD patients, most likely by increasing the release of endothelial tissue plasminogen
116  activator as a response to venous occlusion [22]. On the contrary, other studies found that AGHD
117 patients treated with GH showed increased concentrations of E-selectin, indicative of an uncorrected
118  endothelial dysfunction [23]. These authors conclude that the beneficial effect of GH in these patients
119  may be produced by the effects of the hormone on other mechanisms rather than acting on
120 endothelial dysfunction.
121 The effects of GH administration on E-selectin had not been found in previous studies
122 performed in healthy adults and AGHD patients [24]; instead vascular cell adhesion molecule-1
123 (VCAM-1) significantly increased in AGHD patients during GH treatment. Interestingly, serum from
124 healthy patients treated with GH significantly increased the expression of VCAM-1 in cultured
125  umbilical vein endothelial cells, suggesting that GH might act on VCAM-1 expression by an indirect
126  mechanism, most likely related to the modulation of the expression of other circulating factors [24].
127  This might explain the reported negative effects of the hormone when administered to critically ill
128  patients, since VCAM-1 mediates leukocytes extravasation which can lead to multiple organ failure
129 insepsis [25], although the increased mortality reported was observed with doses of GH quite higher
130 (10-20 times) than usual treatment doses.
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131 To our knowledge only one study reported no positive effects of GH replacement therapy on
132 the endothelial dysfunction in AGHD patients [23], as only one report indicates that GH does not
133 recover the endothelial impairment present in GHD children [26]. Perhaps, the small number of
134 subjects, or the methodology used, or the time during which these studies were carried out justifies
135  the contradictory results.

136 1.2. GH, IGF-I, Klotho and the vascular endothelium.

137 Klotho was first described in 1997 as a product of a gene involved in the suppression of several
138  aging phenotypes in mouse. Initially, it was thought that Klotho would be implied in a signaling
139 pathway regulating senescence and the severity of diseases related with the process of aging, such as
140  atherosclerosis [27]. In mice, the gene codifies a membrane protein homologue to B-glucosidases,
141  while in humans the gene has been shown to be composed of five exons and is located on
142 chromosome 13q12. The gene suffers a physiological alternative RNA splicing giving origin to two
143 transcripts, one of them being a membrane protein while the other one is secreted and predominates
144 over the former [28].

145 The possible effects of Klotho on the physiology of the human vascular endothelium were first
146 postulated in 1998, indicating that it protects the cardiovascular system by inducing NO endothelial
147  production [29], although their possible mechanisms of action had not yet been clarified [30]. Further
148  studies in mice of the same group demonstrated that secreted Klotho promoted endothelial increase
149 of NOin aorta and arterioles [31], and that adenovirus-mediated Klotho gene delivery to a typical rat
150  model of multiple atherogenic risk (OLETF rat) improved endothelial dysfunction, increased NO
151  production, reduced increased blood pressure and prevented medial hypertrophy, meaning that
152 Klotho was a clear positive regulator of vascular function [32]. This was confirmed in Klotho mutant
153 mice when observing that in these animals the density of blood capillaries was decreased at the tissue
154 level and angiogenesis was impaired, as it was the release of NO from the vascular endothelium [33].
155  These effects have been related to an action of Klotho on oxidative stress, responsible for inducing
156  apoptosis and senescence in vascular cells [34].

157 While studies in animal models indicate a clear role for Klotho on the vascular endothelium,
158  there are still no clear data on the physiological role that this hormone plays in men on the
159  cardiovascular system [35]. In vitro studies demonstrated that Klotho suppress TNF-a-induced
160  expression of ICAM-1 and VCAM-1 in human umbilical vein endothelial cells, as well as the
161  inhibition of eNOS phosphorylation induced by the administration of TNF-a [36], effects consistent
162 with its previously postulated role in the modulation of endothelial inflammation.

163 Klotho is mainly produced in kidneys; however, it seems that it could be expressed also in the
164 vascular endothelium, with the only exception of endothelial cells from human brain [37]. In any case,
165  Klotho is a circulating protein that increases NO production and protects the vascular endothelium
166  [38,39].

167 To analyze the role of Klotho on the vascular endothelium nor is the aim of this review, however
168  since it has been shown that this protein plays a role on pituitary GH secretion [7], we think important
169  to try to establish a relationship between Klotho and GH, given both are effective factors to prevent
170 damage to the vascular endothelium and repair it if a damage exists.

171 Mice that do not express Klotho die early than normal mice showing many symptoms of aging,
172 most of them typical of GHD [7]. Plasma levels of Klotho are low in GHD subjects, and the pituitary
173 somatotrophs of Klotho-deficient mice are hypotrophic [7], suggesting that Klotho exerts a trophic
174 effect on them. Besides this, Klotho-deficient mice are smaller than normal mice, and their GH-
175  producing cells in the pituitary show lesser secretory granules [40]. In addition, Klotho strongly
176  inhibits the negative effects of IGF-I on GH secretion, and increases GH secretion in cultured human
177  GH-secreting adenomas [40].

178 All these data indicate that Klotho is a positive active regulator of GH secretion, both in animal
179  models and in humans. However, it is still unknown how GH and Klotho interact to repair a damaged
180 vascular endothelium. For instance, in anorexia nervosa patients, in which the existence of an
181  increased pulsatile secretion of GH is well known, while plasma levels of IGF-I are low or very low,
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182  due to malnutrition, plasma levels of Klotho are lower than expected for the age of the patients [41],
183  but they increased significantly after the patients increased their body weight and, concomitantly,
184  IGF-I increased too. This suggests that IGF-I led to the increase of Klotho [41], perhaps for the
185  maintenance of a physiological feedback loop between GH, IGF-I and Klotho. Those supposed
186  relationships between the three hormones are schematized in Figure 2.

Klotho
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somatotrophs
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187

188 Figure 2. Schematic representation about the possible relationships between GH, IGF-I and Klotho,
189 and its actions on the vascular endothelium. 1. Pituitary GH induces the hepatic expression of IGF-I
190 (2) and acts on the repair of the damaged vascular endothelium (DVE), although it is also possible
191 that the hormone enhances the production of Klotho by this damaged tissue. 3. Besides its inhibitory
192 effects on pituitary GH release, IGF-I also contributes to repair DVE, and, as in the case of GH, it could
193 enhance Klotho production in DVE. 4. DVE secretes Klotho and it inhibits the negative effect of IGF-
194 I'on pituitary GH release, but plasma Klotho may also proceed from kidneys (7), contributing or being
195 responsible for the inhibition of IGF-I effects on GH secretion. 5. The possibility exists that Klotho
196 released from DVE stimulates GH secretion for repairing DVE. 6. GH plays an important role on the
197 physiology of kidneys, being particularly important when there is a chronic kidney disease; since in
198 this pathology there is a state of systemic Klotho deficiency, it is possible that GH tries to correct this
199 problem associated to cardiovascular diseases. Some of these concepts are merely speculative, but
200 existing data lead to think that there is a feedback regulation circuit between GH, IGF-I and Klotho.
201 Blue arrows indicate stimulation and red arrows indicate inhibition.

202 1.3. Cardiovascular disease as an inflammatory condition.

203 Several diseases have been related to inflammation since many years, including atherosclerosis
204  [42-46]. It is considered that inflammation plays a key role in atherogenesis, since it is not only
205  involved in the development and progression of this process [46], but also in the associated symptoms
206  [43]. Circulating monocytes and lymphocytes are present in the vascular wall early in atherogenesis,
207  and both are responsible for the formation and complication of the atherosclerotic plaque [46].

208 A current study has demonstrated the high influence of inflammation in cardiovascular disease
209  (CVD) from a clinical point of view. As known, IL-6 has been previously associated with an increased
210  risk of cardiovascular events, with independence of the cholesterol levels in plasma [42]. IL-6
211  amplifies the inflammatory cascade and is the main circulating cytokine linking systemic
212 inflammation with local pathology [47,48]. It stimulates macrophages and promotes proliferation of
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smooth muscle cells (SMC) in atherosclerotic plaque [47], and stimulates coagulation by increasing
messenger ribonucleic acid transcription of tissue factor and factor VIII [49].

IL-1B mediates the IL-6 signaling pathway [42], and canakinumab, a fully human monoclonal
antibody targeting IL-1(3, leads to a marked reduction of both, plasma levels of IL-6 and CRP without
lowering the level of low-density lipoprotein (LDL) in patients with diabetes who were at high
vascular risk [50]. This drug led to a significant lower rate of recurrent cardiovascular events than
placebo [42].

The development of the atheromatous plaque is a multi-factorial process. SMC from the middle
layer in the elastic arteries show a differentiated phenotype with a low proliferation and migration
rate. Unlike the skeletal and cardiac myocyte, mature SMC may suffer a phenotypic modulation,
because of an atherogenic stimulus, with a re-entry in the cellular cycle. These activated state makes
them proliferate and migrate to the vascular lumen, and synthesize some extracellular matrix (EM)
components and proteases that modify the matrix, contributing to the atheromatous plaque [51].

The key aspect of the plaque formation is the endothelial dysfunction secondary to some
atherogenic stimuli, such as hypercholesterolemia, hypertension, diabetes, tobacco, etc. The
consequence of this endothelial dysfunction is the appearance of an inflammatory response.

SMC are essential in the stability of these plaques. When there is a scarcity of these cells into the
plaque, the atheroma will be highly vulnerable to rupture [52]. Plaque rupture and subsequent
thrombus formation can lead to an acute event [53-55], although in the lower extremities this event
can be better tolerated because of the numerous and large collateral network.

It is well known the role of LDL in this setting. Oxidized LDL (ox-LDL) have been related to the
formation and complication of the atherosclerotic plaque [56]. LDL has high susceptibility of being
oxidized. But the oxidative environment in the vascular wall may also modified other lipids as HDL.
Nicotinamide adenine dinucleotide phosphate (NADPH) oxidase, leukocyte- and platelet-derived
oxidants, and red blood cell-derived iron-rich heme group, are part of the different systems implied
in the oxidative modification of lipids, proteins and DNA that in the vascular wall lead to
atherosclerosis [56]. All these oxidants maintain the inflammatory response and participate in the
arterial wall rupture with platelet aggregation and thrombus formation.

Oxidative stress plays a main role in the origin of the pathogenesis of CVD. In a normal vascular
wall, oxidative stress activates nuclear defense genes throughout the mediation of the nuclear factor
erythroid 2-related factor 2 (Nrf2) 2 [57]. This protects against the formation of foam cells by
regulating the expression of antioxidant proteins and scavenger receptors [57]. Nevertheless, its
function has not been properly understood, since a pro-atherogenic action has been also associated
to Nrf2, because ApoE-null mice, deficient in N1f2, develop smaller atherosclerotic plaques [58].

The recruitment of circulating leukocytes into the blood vessel wall is one of the major
etiopathogenic mechanisms of atherosclerosis. This process is predominantly mediated by cellular
adhesion molecules (CAM), which are expressed on the vascular endothelium and the leukocytes of
the vascular wall, in response to atherogenic stimuli. In patients with peripheral arterial disease
(PAD), increased levels of these integrins have been found during exercise, being associated with the
severity and the extent of the arterial disease [59]. Antagonists of CAM have shown promise in
treating inflammatory disorders in animal models [60,61].

Selectins, another group of integrins, are also elevated in PAD population. Studies with the anti-
P-selectin antibody inclacumab in coronary arterial disease (CAD) have found a reduction in
myocardial damage after percutaneous management [62]. This molecule also reduces elevated
circulating platelet-leukocyte aggregates levels in PAD [63].

Exercise is associated with an increase in plasma levels of numerous inflammatory mediators in
PAD, including thiobarbituric acid-reactive substances (formed as a byproduct of lipid
peroxidation), thromboxane, IL-8, TNF-a, ICAM-1, VCAM-1, von Willebrand factor, E-selectin, and
thrombomodulin [43].

Casual associations between biomarkers and PAD has not been established. However,
inflammatory mediators can aggravate endothelial dysfunction, and markers such as IL-6 are
inversely correlated with maximum treadmill performance [64]. Although exercise acutely induces

d0i:10.20944/preprints201712.0186.v1
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oxidative stress in patients with PAD, exercise training has consistently been shown to improve
symptoms among patients with PAD. In this sense, GH increases exercise performance improving
lean body mass, muscle mass and cardiac output in AGHD patients [65].

Interestingly, exercise is a powerful inducer of pituitary GH release [5], most likely by inducing
the hypothalamic release of noradrenaline which inhibits somatostatin, the main inhibitor of pituitary
GH release [66]; but, as indicated, pituitary secretion of GH decreases while aging [5]. This seems to
be contradictory; however, it is important to differentiate the effects of acute and chronic exercise,
because both kind of exercises have different effects [43]. Endothelial dysfunction was recently
associated with walking impairment independent of the ankle-brachial index (ABI), suggesting that
endothelial dysfunction may contribute to the exercise impairment in PAD [67].

In addition, inflammatory mediators may also have proangiogenic and antiangiogenic effects,
regulating the ischemic response [68]. In fact, patients with PAD have lower circulating VEGF-A and
higher circulating inflammatory parameters of TNF-a and IL-8 compared with controls with other
comorbid conditions and cardiovascular risk factors [69].

On these bases, atherosclerosis is a complex process involving lipid deposition, oxidative stress,
inflammatory cell recruitment and platelet activation. Figure 3 schematizes these concepts.

reprints201712.0186.v1
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Figure 3. Cardiovascular risk factors converge to produce inflammation with increasing of TNE-

alpha, IL-6 and IL-1B, which promotes endothelial and mitochondrial dysfunction, with the overload

of ROS, all of them being responsible for atheroma plaque formation and arterial occlusion, that leads

to hypoxia and decreased nutrition of tissue. Both factors contribute to the loss of muscle mass and

strength and symptoms such as intermittent claudication or, critical limb ischemia. GH inhibits all

these deleterious effects from cardiovascular risk factors, promoting the NO pathway that

compensates redox imbalance, corrects endothelial dysfunction (increasing endothelial-dependent

vasodilation), decreases inflammation, and stimulates angiogenesis and arteriogenesis. NO: nitric

oxide; ROS: reactive oxygen species; TNF: tumor necrosis factor alpha; IL: Interleukin; GH: growth

hormone; O2: oxygen; Blue crosses: stimulation; Red rectangles: inhibition.
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292 To find biomarkers that can predict either the risk for suffering CVD or the risk for progression
293 s of high interest, but this is not the aim of this review. Thereby, we will address those biomarkers
294 related to GH that support its action and reduce the risk of CVD.

295 Most knowledge about this issue comes from the studies performed in acromegaly and GHD
296  patients. As mentioned, significant lower levels of VCAM-1 have been found in GHD patients than
297  inhealthy subjects; moreover, they increase during GH treatment, as compared with patients treated
298  with placebo [24]. The development of GHD after the treatment of acromegaly affects adversely the
299  body composition and inflammatory biomarkers of cardiovascular risk [70].

300 Visceral adiposity and lipids are one of the best studied markers in CVD. The increase of NO
301  after GH administration lowers lipoxygenase activity and ox-LDL [4]. AGHD patients suffer an
302  elevated risk of CVD because of hyperlipidemia, among other factors. GH therapy in these patients
303  improves the lipid profile and decreases the vascular risk. The visceral fat is elevated in GHD children
304  and adults, perhaps because GH produces lipolysis, and when GH is administered it reverts this
305  increased adiposity [4,71]. Since GH secretion is deficient while aging, the progressive increase in fat
306  stores seen in the elderly population could be due, at least in part, to the insufficient secretion of the
307  hormone.

308  1.4. Coronary Arterial Disease (CAD) and Heart Failure

309 CAD is a broad term including several related syndromes caused by myocardial ischemia, an
310  imbalance between cardiac blood supply perfusion and myocardial oxygen and nutritional
311  requirements.

312 Cardiovascular disease (CVD) is the most important cause of death worldwide [72], and a major
313 economic global burden [73]. Despite reductions in CVD mortality in high-income countries, global
314  CVD mortality increased by 41% between 1990 and 2013, largely driven by rises in low-income and
315  lower-middle-income countries [74]. Among CVD, coronary arterial disease (CAD) is the leading
316  cause of death [72-75].

317 The majority of ischemic processes is produced by an alteration in the oxygen supply to the heart
318  due to coronary disease. The obstruction of the coronary arteries is usually of atherosclerotic origin,
319  although there are other infrequent causes such as an anomalous origin of these arteries, its
320  spontaneous dissection or embolisms [76].

321 As indicated before, atherosclerosis implies a degenerative inflammatory process where
322 different risk factors (diabetes, hypertension, dyslipidemia, smoking, obesity, sedentary lifestyle...)
323  damage the endothelium, favoring the entry of LDL particles that oxidize and initiate a complex
324  inflammatory and fibrotic process within the arterial wall that culminates with the development of a
325  plaque that can obstruct the coronary lumen, therefore preventing proper blood flow [76]. Although
326  the atherosclerotic process is usually chronic, abrupt plate instabilities can erode or ulcerate the
327  endothelium giving rise to a thrombotic phenomenon that can obstruct the coronary artery suddenly
328  causing an acute coronary syndrome (unstable angina or acute myocardial infarction). It is estimated
329  that throughout the world these processes are responsible for approximately 7 million deaths per
330  vyear, being the main cause of mortality in the population of industrialized countries [72-74].

331 The other major disease regarding cardiovascular system is heart failure (HF); it affects about
332 2% of the adult population worldwide. Its prevalence is clearly age-dependent, ranging from less
333 than 2% of people younger than 60 years to more than 10% of those older than 75 years, and it is
334 estimated that it will increase by 25% in the next 20 years [77-79]. The etiology of HF is diverse and
335  most patients have a history of hypertension, coronary artery disease, cardiomyopathies, or valve
336  disease, or a combination of these [77,78]. HF has a poor prognosis, with high rates of hospital
337  admission and mortality; costs related to the treatment of HF encompass 2-3% of the total
338  expenditure of healthcare systems in high-income countries, and it is believed that they will increase
339 by more than 200% in the next 20 years [79].

340

341
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1.5. Peripheral Arterial Disease

Peripheral arterial disease (PAD) is the term commonly used currently to refer to the
atherosclerotic pathology affecting peripheral arteries of the lower extremity and compromising
partially or totally the flow in them. Although less frequent that the other two main CVD, cardiac
and cerebrovascular, it affects more than 200 million people worldwide [80]. Maybe, the spectrum of
symptoms may vary from none (asymptomatic PAD, 3 times more frequent) to critical limb ischemia
(CLI), the most severe form that threats the limb. However, the estimated prevalence depends on the
tools used for the diagnosis. In people aged 60-70, the prevalence is about 8 % in the Spanish
population [81]. For those aged > 70, it is generally accepted that the prevalence rises to 20%.
Additionally, PAD is an independent predictor of cardiovascular mortality and morbidity [82].

1.5.1. Endothelial and mitochondrial dysfunction in PAD: the role of oxidative stress

As stated above, oxidative stress is the key aspect in producing the endothelial dysfunction that
triggers the atherosclerotic process and the aging of the vascular system [56,83]. However, not only
vascular risk factors contribute to this phenomenon, but also the own exercise leads to generation of
superoxide-anion and other mediators of endothelial dysfunction, that it has been correlated with the
clinical severity of PAD [84]. This endothelial dysfunction is not only located in the major arteries,
but also in the microcirculation of the skeletal muscle [43]. Patients with PAD suffer a constant
ischemia-reperfusion syndrome as they walk and rest, generating reactive oxygen species (ROS) that
affect muscle fibers [84], and impairs mitochondrial function, reducing the energy production [85,86].
In fact, higher carbonyl and 4-hydroxy-2-nonenal levels have been found in calf muscle samples
indicating the oxidative stress [87].

Skeletal muscle mitochondria release free radicals during the ischemic process, including
superoxide-anions and some other ROS derived from the redox cascade [88,89]. Reperfusion also has
the same effect, increasing the oxidative stress [89]. These ROS contribute to the endothelial
dysfunction and the alteration of proteins in the skeletal muscle, and may lead to mitochondrial DNA
injury in the long term [90]. This DNA injury is also seen in less affected limbs of patients with
unilateral PAD, suggesting that PAD is not only a local problem, but rather a systemic one [91]

Mitochondrial pathways are vulnerable to free-radical injury [92], and PAD patients show
reduced activities of complexes I and III of the mitochondrial respiratory chain [93]. These
observations suggest that electron transport chain activity is impaired in PAD, probably because of
the ischemia-reperfusion injury and old age, which spreads the oxidative damage and the metabolic
dysfunction.

Lactate levels are also significantly elevated in PAD skeletal muscle, because of an incomplete
oxidation of glucose, a decreased pyruvate dehydrogenase activity, and exercise performance [94].
At this point it is of interest to remark that GH is a mitochondrial protector [95-97], therefore
suggesting that the hormone may play a positive role in this process, since GH restores the redox
imbalance, improving mitochondrial respiratory chain and the needed production of energy.

In fact, endothelial dysfunction has been evaluated in Japanese patients with AGHD in the
GREAT study. After 24 weeks of GH replacement therapy, the hormone significantly lowered plasma
diacron-reactive oxygen metabolites and improved endothelial function measured by reactive
hyperemia index [98]. This indicates that GH can exert a protective role in redox balance in AGHD,
in which predominates a pro-oxidant environment increasing the atherogenic risk; but this is
corrected by short-term GH administration without fully normalizing IGF-I levels [99]. Moreover,
GH has a role in stress resistance by altering the functional capacity of the glutathione S-transferase
(GST) system through the regulation of specific GST family members in long-living Ames dwarf mice.
The hormone also affects the regulation of Thioredoxins (TRX) and glutaredoxins (GRX), factors that
regulate post translational modification of proteins and redox balance, thereby further influencing
stress resistance [100]. However, the exact role of GH in redox balance has not been completely
understood, as in oxidative stress-induced conditions may enhance oxidation [101]. Thereby, both
GH overproduction and deficiency are tightly linked with enhanced oxidative stress.

d0i:10.20944/preprints201712.0186.v1
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393 1.5.2. Endothelin and PAD
394 Endothelial dysfunction might be traduced by an imbalance between the endothelium-
395  dependent vasodilation (mediated mainly by NO) and vasoconstriction (mediated by endothelin).
396 It has been well documented that vascular endothelin (ET) production is elevated in

397  atherosclerosis and influences the development of atherosclerotic lesions through a variety of
398  mechanisms [102]. ET participates in several key steps in the inflammatory component of
399  atherosclerosis, increasing various cytokines from monocytes [103], and enhancing the uptake of LDL
400 by these cells, promoting foam cells [104].

401 GH has been broadly related to an increase in the production of NO. However, GH is also related
402  toET, as an increased secretion of GH and ghrelin have been demonstrated in cattle after the injection
403  of ET 1 and 3 [105,106]. Thus, GH increases physiologically in response to the increased level of ET.
404  Despite the relationship between GH and ET has not been well established yet in CVD, it seems that
405  GH may compensate the deleterious effects of ET, as the treatment with the hormone improves ET-
406  induced stroke in adult rats [107]. Perhaps this is due to the actions of GH on NO production.

407 2. Discussion

408 GH plays a key role for the development of a normal heart during fetal development, and plays
409  a positive role in maintaining the structure and function of the normal adult heart, by stimulating
410  cardiac growth and heart contractility [108-110].

411 It is known that myocardium and vessels have receptors for GH and IGF-I, and IGF-I can be
412 produced directly in these tissues [111,112]. Therefore, GH may exert endocrine roles on the
413 cardiovascular system, as well as endocrine or auto/paracrine effects of IGF-I can be exerted on it. On
414  the other hand, the GH/IGF-I axis can interact with the vascular system and can regulate the vascular
415  tone and thereby peripheral resistance [113].

416 The interactions between heart and GH are complex. In fact, it has recently been shown that the
417  heart may influence body growth in pediatric heart disease. In these situations, cardiomyocyte
418  synthesize and release Growth Differentiation Factor 15 (GDF-15), which inhibits liver signaling by
419  GH, therefore impeding the release of IGF-I and affecting body growth [8].

420 Life expectancy is reduced in patients with hypopituitarism as compared with healthy controls
421  (2-fold higher risk of death for CVD, higher risk in women than in men). The causes of death are
422  probably multifactorial, but GHD has been considered one of the most relevant factors of the
423 increased mortality in these patients [114,115].

424 On the other hand, patients with acromegaly, despite presenting higher incidence of other
425  cardiovascular risk factors (hypertension, insulin resistance), do not present a clear excess of CAD or
426  stroke in comparison to normal counterparts [4,111,116].

427 Nowadays, despite multiple studies about the interaction of the GH/IGF-I axis and the
428  cardiovascular system, the clinical importance of effects of GH and local and endocrine IGF-I in
429  adults remains to be clarified.

430  2.1. The role of GH in the vascular endothelium

431 Two conditions in which the effects of GH on endothelial dysfunction might provide interesting
432  data may be acromegaly and aging.
433 In the case of acromegaly, plasma levels of two biomarkers of endothelial dysfunction and

434 atherosclerosis, such as endothelin-1 (ET-1) and total homocysteine levels (tHcy), were measured in
435  patients with active acromegaly and cured disease [117]. While tHcy was similar in both groups of
436  patients, ET-1 was significantly higher in active acromegaly, suggesting that it contributes to
437  premature atherosclerosis and cardiovascular affectations observed in this pathology, although the
438  role played by IGF-I on these vascular affectations could not be discarded.

439 Particularly important, in our opinion, is the case of aging. Important changes in pituitary GH
440  secretion along the life have been widely described (for a more detailed comprehension, see
441  references [4] and [6]. An exponential decline in plasma GH concentrations starts from 18 to 30 years
442 of age, until it is practically imperceptible in elderly subjects, a phenomenon known as somatopause.
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In this situation, plasma levels of IGF-I are also low, although the liver production of this peptide
depends not only on GH but also on the nutritional status of the organism [4].

Aging is associated with an increased risk of atherosclerosis, but we know now that this disease
can begin earlier, during youthfulness.

It has been proposed that the increased risk of atherosclerosis as we age, is due to low production
of EPC, which makes unable to repair atherosclerotic vascular walls [118]. Treatment with GH during
10 days led, in middle-aged subjects to an increase in plasma levels of EPC which, moreover,
improved in its capacity to migrate and incorporate into tube-like structures, and showed increased
endothelial NO synthase (eNOS) expression up to levels equivalent to those of healthy young
subjects. That is, GH treatment decreased EPC senescence and increased telomerase activity. In the
same study, aged mice treated during 7 days with GH or IGF-I increased EPC levels and ameliorated
EPC functions. This was not observed when GH treatment was given during only two days. Results
from that study attributed to IGF-I, rather than to GH, the reversal of age-dependent EPC dysfunction
[118]. We do not know whether these results appear as an IGF-I age-related effect, but other studies,
as described before in healthy young people, indicated that GH effects on the vascular system are not
dependent on IGF-I, postulating that GH acts directly on GHR and eNOS in the vascular endothelium
[9]. These contradictory results led to suggest that GH administration during somatopause does not
produce clearly favorable effects on the endothelial dysfunction, while combined treatments with GH
plus IGF-I may produce more beneficial effects on the vascular wall in elderly individuals [119];
however, we do not think that this combination is advisable.

Preclinical studies in hypophysectomized rats also showed that the lack of GH production is
associated with the development of atherosclerosis [120], while GH treatment during two weeks
reversed several biomarkers indicative of the developing arterial disease. These researchers identified
in the aorta of hypophysectomized rats 18 genes regulated by GH, which most likely have a
physiological effect on vascular tone and atherogenesis. Among these genes, they found that GH
induced an increased expression of the KATP channel, which plays a key role in the regulation of
vascular tone, therefore involving GH in this regulation [120]. However, plasma levels of GH must
be within normal ranges; since, as it occurs in acromegaly, transgenic mice overexpressing bovine
GH develop an endothelial dysfunction, which depends on the age of the animal and the type of
blood vessel, indicating that the affectation in endothelial function is most likely produced by
increased production of mitochondrial ROS followed by many other affectations in vascular function
[121].

Curiously, similar results to these shown in transgenic mice overexpressing GH, have been
reported in hypopituitary Ames dwarf mice aortas in terms of enhanced production of ROS and
lesser expression of antioxidant enzymes (for instance, glutathione peroxidase and eNOS), therefore
leading to vascular oxidative stress [122], a first step, as stated above, to develop endothelial
dysfunction.

Similarly, peripubertal GHD in Lewis dwarf rats leads to a pro-oxidative cellular condition most
likely responsible of the development of an altered vascular phenotype (in both structural and
functional terms), which leads to vascular affectations, early accelerated, later in the life of these
animals [123]. GH treatment reverses these impairments that, interestingly, do not occur equally in
the cerebral vessels than in the aorta of these genetically dwarf rats [123].

Another model for analyzing the effects of GH on the vascular system comes from studies in
which rats are undernourished during pregnancy. Maternal undernutrition produces increased
blood pressure and endothelial dysfunction in adult offspring, but if pups receive early pre-weaning
GH treatment (from day 3 after birth until weaning in day 21) adult vascular function is normal; this
contrasts with what happens in the offspring that received saline during these days before weaning.
This indicates that early GH treatment can reverse the vascular alterations resulting from maternal
undernutrition during pregnancy, but also that there is a developmental cardiovascular
programming, susceptible to be reversed by early treatment with GH after delivery [124].

While results from both preclinical and clinical studies clearly indicate that GH plays a key role
in the prevention or recovery of endothelial dysfunction, it is not clear at all which of the effects of

d0i:10.20944/preprints201712.0186.v1


http://dx.doi.org/10.20944/preprints201712.0186.v1
http://dx.doi.org/10.3390/ijms19010290

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 December 2017 d0i:10.20944/preprints201712.0186.v1

12 of 37

495  GH are due to a direct action of the hormone and which are mediated by IGF-], because this peptide
496  and its receptors (IGF-IR) are widely expressed in endothelial cells [125]. Moreover, GH induces the
497  expression of IGF-I in many territories, including the fetal brain [126]; however, GH seems to be
498 unable to increase the transcription of IGF-I in endothelial cells, and, in fact, systemic or local
499  infusions of GH lead to a prompt increase in forearm blood flow and NO release in healthy humans
500  without increasing plasma IGF-I concentrations or muscle IGF-I expression [9,127]. The fact that it
501  seems that GH is produced by endothelial cells, and endothelium-derived GH stimulates the
502 proliferation, migration, survival, and capillary formation of endothelial cells in an autocrine manner
503 [11], clearly indicates that the hormone exerts direct effects on the vascular endothelium, although
504  IGF-1is also vasoactive activating eNOS via Pi3K/Akt [127], a signaling pathway also used by GH.
505 Perhaps some of the apparently contradictory results here reported, in relation to the lack of
506 effects of the administration of GH on the vascular endothelium, in AGHD and GHD [23,26], and the
507  attribution to IGF-I rather than to GH the positive effects on the vascular wall, proceed from the
508  recently described relationships between GH, IGF-I and Klotho [7,40], but also on the effects of Klotho
509  on the vascular endothelium and aging.

510 The impact of GH on inflammatory processes is not well understood yet. Evidence shows
511  controversial data of both anti- and pro-inflammatory effects of the hormone.
512 GH therapy reduces the levels of CRP in GHD patients [128], and exerts anti-inflammatory

513 effects in different experimental models of sepsis by lowering TNF-a [129]. Exogenous GH also may
514  improve the effects of sepsis-induced IGF-I resistance [130]. Conversely, a massive increase of GH in
515  GH transgenic mice has a pro-inflammatory effect, rising pro-inflammatory cytokines [130].

516 As it has been described above, the relationship between GH and CAMs is well known. This
517  action seems to be indirect, mediated by VEGF among others. VEGF has been described as a strong-
518  inducing agent of CAM on endothelial cells during inflammation [131]. Given the fact that GH
519  directly increases VEGF levels after its administration, this peptide could be one of the main
520  mediators of the GH effects. It seems, thereby, that high supraphysiological administration of
521  exogenous GH could increase inflammation, while doses used for treating GHD, or even short-term
522 GH administration to non-GHD patients may represent a protective factor against this issue.

523 The role of CRP, IL-6 and TNF-a in CVD has also been well established [44,48,132].

524 In AGHD patients, the administration of GH decreased CRP and IL-6 levels, some that not
525  occurred when treating them with placebo [133]. However, another study in AGHD, showed that
526  GH therapy also reduced CRP, but failed in reducing TNF-« and IL-6 levels [128].

527 Pregnancy associated plasma protein A (PAPP-A) has been recently included among markers of
528  cardiovascular risk being associated both to the presence of carotid atherosclerosis and acute
529  coronary syndrome [134,135]. PAPP-A is also significantly elevated in AGHD [136], and GH
530  replacement therapy decreases this specific and not generic biomarker of CVD, although not in all
531  GHD patients [137].

532 At this point, the own GH could be a marker, as the deficit of both GH and IGF-I leads to a more
533 aggressive heart failure, with impaired functional capacity and poor outcomes [138].
534 All these data support the possible role played by GH in the correction of the state of

535  inflammation in patients suffering from CVD, at least in those with AGHD. The protective effect of
536  GHininflammation is secondary to its action against oxidative stress, most likely because of its action
537  on NO and extracellular signal-regulated Kinase (ERK) pathway.

538 Currently, our group is conducting a phase III RCT in patients suffering PAD without options
539  for revascularization: Growth Hormone Angiogenic Study (GHAS), Eudract 2012-002228-34, approved
540 by the Spanish Agency of Drugs and Health Products (AEMPs) and the Autonomic Committee on
541  Research Ethics in Galicia (CAEIG, 2012/378), Spain, in which patients receive GH or placebo.

542 Although this study has yet finished, all the data have not yet been analyzed and therefore there
543 are no statistical conclusions, early results from the patients enrolled so far show that TNF-« is the
544  marker most frequently elevated in these patients (74%), followed by p2-microglobulin (B2M) (69%)
545  and C Reactive Protein (CRP) (60%). Figure 4 depicts the graphic tendencies that show these patients
546  depending on the group of treatment.


http://dx.doi.org/10.20944/preprints201712.0186.v1
http://dx.doi.org/10.3390/ijms19010290

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 December 2017 d0i:10.20944/preprints201712.0186.v1

13 of 37
B2M (mg/dL)
1,00
0,55 l
0,50 0,49
$0,38
| |
I 0,23 ] 0,24 0,22
0,00
Wo(n=8) W4(n=8) W8(n=7) Wo(n=5)  W4(n=4)  W8(n=2)
A B
CRP (mg/dL)
8,00
4,00
3,67
3,43
12,33
% 0,83 fo79 } 0,98
000 \wo(n=20) W4(n=18) ws(n=16)] wo(n=18 Wwa(n=16) wWs(n=14)
A B
16,00 TNF-a (pg/mL)
+ 12,40
11,50
‘ ] 1042 10,04
18,82 ]
8,00 +8,04
0,00
Wo(n=18) W4(n=15) W8(n=14)| WO(n=17) W4 (n=15) W 8(n=14)
A B
547
548 Figure 4. Evolution of some biomarkers of inflammation analyzed in the GHAS study. Values are
549 shown as the mean * SD. B2M (beta-2-microglobulin), CRP (C Reactive Protein) and TNF-a. A and B
550 represent different groups of treatment (GH or placebo, respectively). Note the tendency to decrease
551 in group A as compared with the group B. Patients from group A had significant higher basal levels

552 of markers, indicating that patients in this group suffered from a more severe inflammatory disease
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553 as compared with group B. Significant differences in the end of the study have not reached because
554 of the small sample of patients still analyzed (note the differences in n). W = weeks of treatment.
555  2.2. GH and Coronary Arterial Disease
556 The effects of GH /IGF-I in the incidence and prognosis of CAD are controversial.
557 As described before, GHD is associated with an increased prevalence of atherosclerosis, CAD

558  and stroke caused by an increased prevalence of atherosclerotic risk factors such as alterations of
559  body composition, lipid profile and coagulation pattern [4,111,116], as shown in Figure 5.
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561 Figure 5. Effects of GH deficiency on atherosclerosis. GH: Growth Hormone, IGF-1: Insulin growth

562 factor 1. NO: nitric oxide. Blue arrows indicate the effects produced by decreased GH secretion, while

563 red arrows indicate how atherosclerosis is developed.

564 AGHD often have significant changes in their lipid profile with increased LDL, increased

565  triglycerides, decreased high-density lipoprotein (HDL) (the latter observed only in women), with no
566  differences in lipoprotein (a) [139]. GH replacement positively reverses this negative lipid profile in
567 GHD patients, decreasing LDL and total cholesterol, and increasing HDL; in addition, a decrease in
568  CRP has been observed in these GHD after GH replacement therapy, while no clear changes seem to
569  be produced in circulating triglycerides [139-141]. However, no study has determined whether GH
570  has an additive effect that optimizes statin therapy; therefore, this remains an open question.

571 Regarding hypertension and peripheral resistance conflicting results have been reported in the
572 literature [116]. Hypertension is quite frequent in GHD patients, and this condition results in
573  impaired vasodilation responses to stress and/or exercise. As described, the GH-IGF-I axis promotes
574  the synthesis of NO that reduces vascular tone, inhibiting the proliferation and migration of SMC,
575  reduces platelet adhesion, and decreases lipoxygenase activity and ox-LDL [142]. Some vasoactive
576  effects of GH may have central origin. In fact, GHD patients have markedly increased muscle
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577  sympathetic nerve activity and GH replacement therapy has been shown to reduce arterial stiffness
578  and to improve vascular endothelial function [143].

579 In some AGHD (patients with high base-line diastolic blood pressure, such as elderly GHD
580  patients or those with previous Cushing’s disease), GH replacement reduces blood pressure, whereas
581  in other patients (specially in young GHD patients) no changes in blood pressure have been shown
582 [116,144].

583 Besides the cardiovascular risk factors mentioned above, GHD patients were shown to have
584  increased blood vessel intima-media thickness (IMT) that is well known to represent one of the
585  earliest morphological changes in the arterial wall in the process of atherogenesis [145].

586 A decrease in IMT has been shown in several studies after the administration of GH to GHD
587  patients [146]. Increases in IMT predict the development of symptomatic coronary disease, thus GH
588  treatment may have a significant improvement in cardiovascular outcome, but this question has not
589  yetbeen specifically analyzed in patients with GHD.

590 Regarding hard clinical endpoints, we previously commented on the increased risk of
591  cardiovascular mortality in GHD patients. The worse cardiac risk profile (mainly hyperlipidemia) of
592 these patients may explain part of the excess in CAD and mortality, but the studies do not allow to
593  obtain a definitive conclusion. However, as described, GHD patients present an altered body
594  composition with increased fat mass, with a preferential increase in visceral fat that decreases in
595  response to GH therapy. This change occurs within 6 months after the initiation of therapy, and it is
596  maintained if treatment is continued [146].

597 Interventional studies are old, and they did not control cardiac risk factors. There are no
598  prospective, long-term randomized studies in AGHD patients comparing GH treatment to placebo
599  on cardiovascular hard outcomes and mortality, and it is likely that there will never be such a study.
600 A more recent and prospective trial found a lower mortality in GH treated hypopituitary patients
601  compared with a retrospective analysis of patients who had not been treated with GH [147].
602  However, again the different time periods covered also included dramatic changes in the treatment
603  of risk factors such as hypertension, diabetes mellitus and hypercholesterolemia.

604  2.3. GH and heart failure

605 As stated, GH plays an important role during myocardial development that can easily be seen
606  in untreated GHD children. They present cardiac atrophy with a reduction in the left ventricle (LV)
607  mass, ejection fraction, and cavity dimensions, as well as reduced cardiac output, high peripheral
608  vascular resistance and reduced functional capacity compared with healthy controls of the same age,
609  sex, and height [148]. When GHD appears in adults, it does not produce a reduction in cardiac mass,
610  but cardiac performance and exercise capacity are impaired [149)].

611 On the other hand, GH excess exerts different and opposite effects on the heart. In early-stage it
612  enhances cardiac performance, whereas it causes fibrosis and cardiac dysfunction in the
613  intermediate-late phase. This apparent discrepancy is easily clarified: a physiological GH level, or
614  short-term excess, exert positive inotropic effect; whereas long-term exposure to GH excess induces
615  cardiac dysfunction and progression to heart failure by causing morphological and functional
616  adaptive changes [150]. The most relevant histological abnormalities are interstitial fibrosis, reduced
617  capillary density, increased extracellular collagen deposition, myofibrils derangement, lympho-
618  mononuclear infiltration and myocyte death due to necrosis and apoptosis [150,151].

619 GH acts directly stimulating its own receptors or (mainly) by inducing local synthesis of IGF-I
620  and may regulate cardiac growth and metabolism by increasing protein synthesis (troponin I, myosin
621  light chain-2, and actin), and cardiomyocyte size, increasing collagen synthesis and promoting
622 cardiac hypertrophy [151-153]. There is also evidence about that IGF-I may reduce apoptosis of
623  cardiomyocyte, preventing myocyte loss [152]. The GH/IGF-I axis can also increase cardiac
624  contractility by enhancing calcium sensitivity and reducing vascular resistance [149,151].

625 Chronic heart failure (CHF) patients have a prevalence of 30% in GHD and this fact identifies a
626  subgroup of CHF patients characterized by impaired functional capacity, left ventricle remodeling
627  and elevated natriuretic peptide levels and increased all-cause mortality [154].
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628 Several groups have studied the effects of GH and IGF-I in patients with impaired cardiac
629  function. GH replacement trials show an increase in left ventricular mass and improvement in cardiac
630  performance, diastolic filling, and systolic function after GH treatment in children or adults with
631 GHD [65,148,151]. Nevertheless, randomized placebo controlled studies show conflicting results,
632  with an increase in LV mass related to serum IGF-I levels, but no change in LV wall stress, arterial
633 blood pressure, ejection fraction, clinical status or 6-minute walking distance [155].

634 The conflicting results of the clinical trials of GH treatment may be related to the small number
635 of patients enrolled, the different dose and duration of GH treatment, the different cardiac heart
636  failure etiologies, and differences in the patients' clinical characteristics. Besides this, the
637  discrepancies may also reflect the heterogeneity of IGF-I increase in response to GH treatment. In
638  fact, a recent meta-analysis confirms that there is a clear relationship between changes in IGF-I
639  concentrations achieved and the beneficial effects of GH treatment. Only in the trials in which IGF-I
640  increased >89% vs. baseline was there a significant improvement in cardiac output,
641  echocardiographic parameters and exercise capacity, whereas in the trials in which the increase in
642  IGF-I was < 89% beneficial cardiovascular effects were not observed [156].

643 Given its possible positive effects on heart in “responders” patients, it could be speculated that
644  GH treatment might be useful in some patients with heart failure but more investigation is needed in

645 this field.

646  2.4. GH and molecular aspects of cardiovascular risk factors in PAD

647 Despite the known negative epidemiological impact of cardiovascular risk factors, its main
648  mechanism of damage is not completely clarified. However, it seems that they may modify redox
649  balance. Since the specific role of each cardiovascular risk factor in redox balance has been widely
650 described, as well as the benefit of their treatment, we will only underline the main aspect related to
651  GH and its possible role and benefit.

652 As described before, GH therapy improves arterial hypertension in GHD patients by acting on
653  the vascular smooth muscle ATP-sensitive potassium (KATP) channel [120], and on the lipid profile
654  with independence of IGF-I [157].

655 Maybe a closer attention would need diabetic patients (DM), in which a dysfunction of eNOS in
656  both endothelial cells and platelets has been found, which attenuates arterial remodeling [158,159].
657  But the latter is also affected because of the lower sensitivity to shear stress that these patients show.
658  This aspect seems to be secondary to the massive calcification and multilevel arterial disease, as well
659  asto the elevated vasomotor tone found that impairs the response to the vasodilator stimuli, and the
660  enlargement of collateral arteries [158-160]. Moreover, a quantitative and qualitative alteration in
661  EPC has been described in DM [158,161]. All these factors explain both the strong atherosclerotic
662  injury and the low capacity of compensating the latter after an arterial occlusion.

663 In addition, a high rate of patients with DM may suffer neuropathy. In these patients, the level
664  of expression of several growth factors, such as neurotrophic factors, insulin-like growth factors,
665  cytokine-like growth factors and VEGEF, are altered [161].

666 GH could aid in the recovery of some of these deleterious aspects in diabetic patients, since, once
667  again, the hormone increases eNOS production, decreases vasomotor tone, and may improve the
668  nerve injury, by increasing neurotrophic factors, such as BDNF. Moreover, GH can increase
669  Substance P (SP), one of the main molecules implied in nerve damage and wound healing. SP and
670  GH are strongly related [162,163]. In fact, GH improves wound healing in diabetic rats and mice [164],
671  and SP could be one of the possible mediators. Since a high rate of diabetic patients have small vessels
672  disease, an angiogenic therapy with growth factors might be a good option for them. GH angiogenic
673  stimulation and benefit in patients suffering from PAD will be comprehensively reviewed below.
674 Although GH may cause hyperglycemia or abnormal glucose tolerance, this is not a
675  contraindication for using the hormone in diabetic patients, since clear benefit of GH therapy has

676  been described in these patients.
677
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678  2.5. GH, age, and cardiovascular disease
679 The relation of GH and age requires a specific section, since age associates with both
680  atherosclerosis and GH deficiency.
681 Aging is a biological process that causes progressive deterioration of structure and function at

682  the cellular level over time. Both cardiovascular structure and function are under a continuous
683  remodeling process as we age.

684 There are two aspects responsible for the pathophysiological changes in the aged vascular bed:
685  the impaired intrinsic cellular mechanisms to resist ischemic injury [165], and the impairment of
686  vascular angiogenic capacity and endothelial function [166]. Evidence from animal model of hind
687  limb ischemia has demonstrated a reduced capability to protect tissues from ischemic insult, and an
688  impaired ability to establish collateral circulation in the aged when a major artery is occluded [167].
689 Aging may attenuate both angiogenesis and arteriogenesis, producing less proangiogenic
690  cytokines or increasing the expression of antiangiogenic factors [167]. For instance, TNF-a, that
691  promotes apoptosis in endothelial cells, is upregulated in cultured aged endothelial cells [168], and
692  Thrombospondin (TSP), a substance with antiangiogenic effect, increases its expression in healthy
693  aged tissues [169].

694 As it will be seen latter, EM plays a key role in angiogenesis. Aging alters the expression of
695  Metaloproteinases (MT-MMPs), integrins and structural proteins in EM. Tissue inhibitor of MT-
696  MMPs (TIMP-1 or TIMP-2) selectively inhibits MT-MMPs and has a negative impact on angiogenesis
697  process. Higher levels of TIMP-2 were found in the aged endothelial cell lines than in the young ones
698  [167]. During angiogenesis, EPC are of importance. Both mice and human subjects have an age-
699  dependent impairment of EPC. Middle-aged and elderly subjects had lower circulating
700  CD133+/VEGFR-2+ EPC with impaired function and increased senescence [170].

701 Arteriogenesis is also affected with aging, as collateral blood flow expansion has been seen to be
702  delayed in aged rats with bilateral femoral artery occlusion [171], perhaps because of an attenuated
703 sensitivity of the receptors for shear stress secondary to a less activation of Rho pathway, one of the
704 main arteriogenic signal pathways [167].

705 Vascular aging is also characterized by increased mitochondrial ROS production in endothelial
706  cells, which, in turn, decreases the bioavailability of the vasodilator and anti-apoptotic NO, increases
707  cardiac oxygen demand, and promotes vascular inflammation by inducing nuclear factor kappa- B
708  (NF-kB). eNOS expression or its activity have been shown to be decreased in the cardiovascular
709 system of aged animals [172], and in cultured aged human umbilical vein endothelial cells [168].
710  However, at skin level, aging alters tissue inflammatory response slowing down wound healing
711 [173].

712 Despite all this, elderly people still respond to physical or biochemical stimuli (exercise or
713 exogenous angiogenic growth factors), which improve the angiogenic and arteriogenic responses.
714 NO-donors as nitrates, and angiogenic growth factors, work equally in the ischemic tissues of animals
715 of old age [167].

716 Aging might be a factor that contributes to the unsatisfactory results (not better than the placebo
717  group) of recent clinical trials intended to expand collateral vasculature in the ischemic legs with
718  angiogenic growth factors [174].

719 It has been highlighted before that aging also has a strong impact on GH production, decreasing
720  its pulsatile secretion both in number and amplitude, until it is imperceptible [175]. This fact can
721  contribute to an imbalance between pro- and anti-angiogenic factors favoring the latter. GH
722 administration to old animals and humans raises plasma IGF-, increases skeletal muscle, improves
723 immune function, and cardiovascular function. Therefore, the relationship between age-related
724 changes in cardiovascular function and the decline in GH levels with age is awakening interest. Either
725  in aged mice and in human, the hormone reverses many of the deficits in cardiovascular function
726  [175].

727 All these are some of the reasons why the administration of GH to elderly people has been
728  proposed [176], though it must be balanced with its possible side effects.
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2.6. GH and neovascularization: experimental and clinical evidences

That GH has a positive role on the vascular system has been broadly set out here and
demonstrated in experimental and clinical studies. One typical example is that cerebral
microvasculature decline with age is parallel to that in GH/IGF-I, and the administration of the
hormone to aging rats increases the number of cerebral cortical arterioles [177]; or, as mentioned
above, the novel role discovered for the hormone in stimulating wound healing, mainly because its
angiogenic action and its capacity for promoting myofibroblast differentiation [164,178]. In fact, the
skin of GHD patients has reduced capillary density and permeability, which improves after they
receive GH treatment [179].

One of the more attractive action of GH related to this issue is the mobilization of EPC into the
bloodstream [21,170]. It seems that this action is not a direct stimulation of bone marrow, but an
indirect effect via VEGF, SDF-1 or erythropoietin (EPO), among others [21]. It has been demonstrated
an impairment of EPC with aging, and that the latter is corrected after GH therapy mediated by IGF-
1[170].

GH may have direct, non-IGF-I mediated, actions on endothelial cells, as the promotion of the
expression and activity of eNOS [180,181]. Moreover, systemic or local infusions of GH acutely
produces vasodilation in the forearm and NO delivery in healthy humans, without producing
significant changes in plasma IGF-I levels or in muscle IGF-I mRNA expression [9,182].

In muscle samples of PAD patients from our GHAS study, we found a significant increase of
eNOS mRNA expression in patients treated with GH as compared with those treated with placebo
[183].

IGF-I may also mediate the proangiogenic actions of GH, as its receptors are expressed in
endothelial cells, and it stimulates angiogenesis both in vivo and in vitro [184]. In rats with
myocardial infarction, the myocardial overexpression of IGF-I was induced after delivering a human
IGF-I gene by means of an adeno-associated viral vector [185]. This study demonstrated that the
angiogenic process, measured by micro-SPECT-CT 16 weeks after administering the gene, persisted
over time, leading to an improvement of the capillary network in rat hearts, a decreased left ventricle
remodeling and an improved cardiac function.

In line with these IGF-I effects, the local infusion of the IGF-I plasmid in skeletal muscle tissue
following ligation of the femoral artery in mice leads to angiogenesis and raises the blood flow in the
affected muscle [186]. Several studies indicate that IGF-I is a strong inducer of angiogenesis in
different tissues, including the brain [187-189], protecting them from ischemia-induced apoptosis
and inducing local expression of VEGF, as seen in cultures of ovarian granulosa cells [190].

Nonetheless, the systemic infusion of IGF-I causes negative collateral effects, such as
hypoglycemia, hypotension, edema and tachycardia [191], the latter probably occurring because of
the onset of hypoglycemia and/or hypotension. Furthermore, IGF-I is a mitogenic hormone with a
marked oncogenic potential; hence, its long-term use in myocardial or arterial diseases should be
avoided or carefully controlled.

Although the hepatic (and that of many other tissues) expression of IGF-I is mainly dependent
on GH, it does not take place if there is not an adequate liver metabolism of glucose [4]. Furthermore,
since plasma levels of IGF-binding protein 3 (IGFBP3), a main carrier of IGF-, are strongly dependent
on GH, the bioavailability of IGF-I (free IGF-I), established by the IGF-I/IGFBP3 ratio, would not
entail a major problem in the case of GH treatments, whenever it is well controlled.

As mentioned above, the angiogenic effects of GH do not only depend on its direct and IGF-I
mediated actions on endothelial cells, or on EPC, but also on its indirect effects mediated by the
induction of several growth factors such as VEGF, FGF, EGF, BDNF, EPO, and some cytokines [71].
Besides, GH is capable of interacting with receptors for prolactin (PRL) which can trigger
proangiogenic signals [192].

It is of interest, the relationship between GH and C-X-C motif chemokine ligand 12 (CXCL12) or
SDEF-1, since both molecules orchestrate vasculogenesis, and share CXCR4 receptor present in
pituitary somatotrophs [193]. Both also activate the JAK/STAT pathway, responsible for endothelial

d0i:10.20944/preprints201712.0186.v1
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780  migration and differentiation during angiogenesis [193]. GH stimulates the secretion of SDF1 and the
781  latter promotes GH delivery from the anterior pituitary gland [193-195].

782 GH may also enhance arteriogenesis. Collateral arteries enlargement is mediated by several
783  pathways as Rho and RAS-ERK pathways, both regulating cell proliferation and migration,
784  respectively, and the NO pathway, which partially controls endothelial function and leukocytes
785 adhesion [196]. The GH/IGF-I axis boosts the eNOS enzyme [21,170,179,180,197,198], increasing NO
786  which reduces vascular tone, and in parallel inhibits the proliferation and migration of SMC and
787  reduces platelet adhesion [142,199-202], leading to a control of the angiogenic process. Despite this,
788  some models of PAD have no proven a real depletion of NO, but rather a marked insensitivity to the
789  latter due to redox imbalance [203]. Figure 6 schematizes these events.
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792 Figure 6. Mechanism of arteriogenesis. Oxidative stress at endothelial cell level produces LDL
793 oxidation (ox-LDL) and foam cells formation that compose atheroma plaque, and, in the end,
794 determine the vessels occlusion. After an arterial occlusion (a), the increase in shear stress forces
795 through the collateral vessels (b, c) activates shear stress genes (SSRE) triggering the arteriogenic
796 response. Adhesion molecules (CAM) and some cytokines such as MCP-1 are produced by the
797 endothelial cells, attracting monocytes and lymphocytes from the blood to the vascular wall that start
798 up the vascular remodeling (b1, c1). eNOs is also activated, increasing NO that produces vasodilation,
799 inhibits SMC growing and the oxidation of LDL molecules. These facts lead to the control of the
800 atheroma plaque, lowering oxidative stress. GH contributes to increase NO pathway by activating
801 the Pi3K-AKt pathway. NO: nitric oxide; eNOS: endothelial nitric oxide synthase; ox-LDL: oxidized
802 low density lipoprotein; GH: growth hormone; GHR: GH receptor; SSRE: shear stress response
803 elements (promoter sequences that mediates the responsiveness of endothelial genes to shear stress);
804 SMC: smooth muscle cells. Blue arrows indicate stimulation.

805 Besides, GH may have vasoactive actions acting on the autonomic nervous system, since GH

806  therapy may reverse sympathetic hyperactivity in patients with GHD [204]. The removal of
807  sympathetic constrictor tone from arterial walls, along with the increased blood flow in the
808  denervated area may stimulate vessel enlargement, consequently leading to arteriogenesis.

809 The stimulation of VEGF by GH is another fact supporting the possible role of the hormone in
810  arteriogenesis, since VEGF up-regulates CAMs, which are key factors for the development of
811  collateral arteries [199].
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MCP-1 and T-lymphocytes also mediate vascular remodeling during arteriogenesis [199]. GH
strongly induces these cells [4,205,206]; for instance, it has been found that when GH is administered
exogenously, there is a rise in MCP-1 mRNA [205]. Moreover, would healing would benefit of the
induction of immune system by GH. However, GHD in humans does not frequently associate with a
significant affectation in immune system, as GHD in animals does [206], possibly because of the
locally produced GH.

Both arteriogenesis and angiogenesis, are affected by age, mainly because of the alteration in
EPC, and the parallel depletion in GH with aging has been related to the latter impaired processes.
Physiological anti-angiogenesis is favored as we age, and a GH therapy for elder people has been
proposed to compensate this imbalance [176]. Apart from its metabolic effects, a therapy with this
hormone would improve the eNOS system dysfunction and, hence, the arteriogenic and angiogenic
mechanisms. If we consider that most patients suffering from PAD are of old age, this therapy could
be justified at least as a complementary treatment, provided it has been found that there are no
significant contraindications, such as a severe illness, sepsis or a tumor, among others. Maybe it
would be necessary to define the most profitable type of therapy with the hormone. In any case, GH
treatment does not need to last long time for showing significant benefits. Moreover, they can be
interrupted during some months and resumed later.

2.7. Effects of GH on nerve dysfunction and other abnormalities in the ischemic muscle.

Ischemia also damages lower extremity nerves in PAD patients, causing functional impairment.
The observation of muscle denervation in these patients supports the idea that arterial flow
insufficiency coexists with distal motor neuron neuropathy that worsens muscle function [207].
However, cross-sectional studies have shown conflicting results, probably due to small sample sizes.
WALCS II study has found an ABI-dependent effect in non-diabetic PAD patients on the nerves.
Patients with ABI < 0.5 was associated with poorer peroneal nerve conduction velocity. For those
being diabetic, the damage to the nerves was simply related to the fact of suffering or not PAD [84].

In this sense, the actions of GH treatment on neurogenesis and peripheral nerve recovery after
an injury have been described [208]. Therefore, GH administration might also be useful in this nerve
affectations in PAD patients.

However, patients with PAD show many other changes in their lower extremities skeletal
muscles, among them: muscle apoptosis and atrophy, increased fiber type switching, altered myosin
heavy-chain expression, and muscle fiber denervation [209,210]. All these changes impair exercise
tolerance and performance, and could be produced by the greater inflammatory response that these
patients present [84]. In samples from the gastrocnemius muscle of PAD patients, caspase-3 levels
are twice as high as in control patients [210].

The role of GH in increasing the skeletal muscle mass has been broadly described. The GH/IGF-
I axis constitutes an important physiological regulatory mechanism for coordinating postnatal
skeletal muscle expansion and hypertrophy. The administration of GH to both animals and GHD
humans improves muscle strength [211,212]. Considering that most of patients with PAD are aged
people with a physiologic GH deficiency, and that sarcopenia appears along aging, GH therapy might
be useful for recovering muscle mass and performance [4]. GH activates the IGF-I-Akt-mTOR
pathway in the skeletal muscle, which mediates both differentiation in myoblasts and hypertrophy
in myotubes, and inhibits myostatin-dependent signaling [213,214]. Thereby, in this regard, GH could
also help in the recovery of PAD patients.

2.8. Why GH treatment could not work properly in cardiovascular disease?

With independence of all described GH vascular actions, the final vascular effects will depend
on the local environment in which the hormone tries to act. In this sense, high levels of GH can be
seen without angiogenesis stimulation. In fact, some harvested endothelial cells does not proliferate
with GH [192]. The presence of other angiogenic agents, such as IGF-I, NO, VEGF and even the
autocrine GH itself may determine the final effect of the exogenous GH. The autocrine hormone could
saturate the GHR, thus avoiding the action of endocrine or exogenous GH. Additionally, when GH

d0i:10.20944/preprints201712.0186.v1
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862  isinternalized, it may suffer a proteolytic cleavage, generating vasoinhibins, being then inactivated.
863  This helps to the balance between growth and regression of blood vessels under physiological
864  conditions, especially in the female reproductive system. The role of vasoinhibins has been reviewed
865  in detail [192].

866 The suppressor of cytokine signaling (SOCS) family is also involved in the regulation of GH
867  signaling. This relationship is not still well understood, since, for example, high levels of SOCS2 up-
868  regulate GH signaling, while less concentrations of the cytokine inhibits GH activity [214]. In PAD
869  patients, pro-inflammatory IL-1p or TNF-a, and endotoxins, are frequently increased, because of the
870  disease and infection at the level of the foot, and these cytokines may stimulate SOCS proteins,
871  promoting a GH insensibility.

872  2.9. Adverse effects of GH treatment

873 Although GH opposes to the effects of insulin and might produce hyperglycemia and diabetes,
874  this is not a clear contraindication for the possible use of the hormone in the case of diabetic patients
875  with PAD. The incidence of diabetes in the GHD population treated with the hormone is very low.
876 Data from more than 23.333 young people aged 10-19 treated with GH for growth disorders for
877  amean of 2 years showed an incidence of 46.3/100.000/year of GH therapy of type 2 diabetes. In old
878  people and children is even lesser [216]. Although some physicians remain unsure about using GH
879  for this reason and because the incidence of abnormal glucose tolerance is higher, this is not a strong
880  argument to contraindicate the hormone therapy in diabetic patients, as a recent study reported that
881  GH and its receptor regulate the pancreatic B-cell survival and insulin secretion in rats [217]. GH
882  corrects insulin sensitivity and long-term glycemic control without altering HbA1C levels
883  [216,218,219]. In addition, the plasma half-life of GH is very short (approximately 30 minutes) and
884  the slightly increased glycemia that the hormone produces, may be minimized by exercise, since the
885  working muscle has a great avidity to capture glucose in an insulin-independent manner.

886 In fact, in our GHAS study 65% of the patients suffered diabetes, but we did not find significant
887  differences between patients treated with GH or placebo in the levels of glycemia or HbA1C from the
888  beginning of the study to the end of it. This supports the fact that the treatment with GH during short-
889  time periods does not produce glycemic alteration and may be administrated in diabetic patients with
890  PAD, improving the arterial disease, as Figure 7 shows.
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Figure 7. (a) Upper picture: Combination of gammagraphy with leucocytes marked with technetium

99 m (pictures A, B) and single photon emission computed tomography (SPECT)-MIBI (pictures C,

D), showing the increasing of flow in the right foot of a diabetic patient suffering from PAD (critical

ischemia of the right limb). Before the treatment (picture A; Day 0), and after two months of GH
treatment (pictures B, C, D; Day 60). Arrows indicate the blood flow. (b) Middle: The table shows the
quantification of ROI (region of interest), demonstrating a final increase of flow of 31% of the right

foot as compared with the same foot at day 0. (c) Lower graph: Photoplethysmography (PPG) from

the same patient, showing the improvement in microcirculation at the wound level between the day

0 and the day 60 after GH treatment. Blue circle depicts the increase in pulsatility (PP), measured in
mV/V. HR: heart rate.

Concern arises with the oncogenic potential of GH. First, this is something inherent to most of

growth factors used for neovascularization. Second, long-term studies in GHD children do not show
any increase in the incidence of tumors; moreover, the slight increase in the incidence of a second
tumor detected in children with GHD secondary to leukemia treated with associated prophylactic
brain radiotherapy, has been shown to be a consequence of the radiotherapy and not of the treatment
with GH. Third, although an increased risk of thyroid cancer in acromegaly has been published
[220]0 , here we have already described that acromegaly implies a very high and sustained release of
GH for many years; therefore, we cannot be sure of the fact that it is GH and no other factors (for
example, IGF-I) that are responsible for the slight prevalence of cancer in patients with acromegalia.
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911 On the other hand, the association between GH and tumors (breast, colon, prostate, etc), has mainly
912 been established because of the detection of the hormone and its receptor in tumor cells. However, it
913  is necessary to remind that GH is produced in almost any tissue and organ, and therefore, this
914  auto/paracrine GH might be responsible of the development of a tumor in susceptible patients. In our
915  own experience, short-term treatment with a strict control of plasma IGF-I levels is safe and effective.
916  In any case, it is necessary to rule out a neoplasm if GH therapy will be scheduled, especially in the
917  elderly population.

918 Additionally, it has been found that acromegaly also rises the risk of atherosclerosis [221-223][.
919  This argument is contrary to the fact that GH is an atherosclerotic protector, but it must be elucidated
920  whether the latter is a consequence of the increase in cardiovascular risk factors, rather than a pure
921  consequence of the hormone. Another adverse effect of the hormone is the development of carpal
922 tunnel syndrome, but this is unlikely to occur during short-time treatments with GH, as these that
923 we propose for treating CVD and PAD.

924 2.1.0 Future perspectives

925 From the concepts described in this review, supported by our GHAS study and previous data
926  from other group [18], it is likely that a short-time GH treatment may be a good alternative for
927 cardiovascular diseases. In fact, eight years ago, one of us (JD) treated with GH (0.4 mg / day) a 72-
928  year-old man who had suffered a stroke 17 years earlier, whose sequelae was a spastic hemiplegia
929  that forced him to remain in a wheelchair. Over the years he developed a critical ischemia of limbs
930  thatled him to be programmed for the amputation of his left leg, because gangrene began to develop
931  in his left foot. He was treated for 3-months, followed by 1-month resting and after this another 3-
932 months of GH. Eight years later he still retains his leg, there are no sequels and several vascular
933 studies indicate that the blood flow in his affected leg is conserved at 80 years of age.

934 There are encouraging results obtained in many animal models of lower extremity ischemia, in
935  which an improvement in the perfusion of hypoxic tissues is described using viral-vector delivery
936  growth factors (mainly FGF-2 and VEGF) [224], However, the results in human patients with CLI did
937  notreveal significant benefits when using this type of therapies. Moreover, this type of therapy is not
938  free of adverse effects [225-228].

939 An important reason explaining why VEGF has failed on clinical trials, may be due to that when
940 VEGF is administered, it induces the formation of new vessels in a chaotic, unstable and not
941  functional way. New vessels need of a lumen to be functional, but VEGF alone is insufficient for the
942 lumenogenesis process. In this process, the activation of the protein kinase Akt and R-Ras seems to
943 be the key [229]. That is, Aktl-deficiency compromises endothelial cells sprouting, and impairs the
944  morphogenesis of the new vessels, making these vessels inadequate for re-oxygenating of the
945  ischemic tissues [230]. VEGF activates Akt to induce the sprouting of endothelial cells. Once this
946  phenomenon has been initiated, R-Ras stimulates Akt to reach lumenogenesis. In this second step,
947  the microtubule cytoskeleton is stabilized in the migrated endothelial cells, creating a stable structure
948  and the lumen [231]. The latter is essential for nutrients and oxygen transport and delivery to ischemic
949  tissues. Microtubule network is essential for endothelial cells polarization, lumenization, and
950 stabilization of the endothelial lumen structure [232]. On one side, GTPase protein R-Ras activates
951 Pi3K-Akt signaling [233], facilitating the maturation of vessels in the new vasculature [234], and the
952 association of pericytes with nascent blood vessels. On the other hand, it inhibits an excessive
953  sprouting and branching of angiogenic vessels to control the process.

954 In addition, some studies have described that, rather than a lack of growth factors in patients
955 with PAD, there is an altered response to them. As we stated above, not all studies agree, since in the
956  elderly population it seems to be a real depletion of growth factors, but the differences between VEGF
957  receptor flt-1 could explain the inter-subject differences with respect to the VEGF effect. Apart from
058  those mentioned above, other problem related to human ischemia is the existence of a real endothelial
959  dysfunction. This also impairs the arteriogenic response, which needs to be the ultimate goal in PAD

960  patients.
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961 Vasodilation of collateral vessels and a decreased resistance to blood flow occurs because of
962  arteriogenesis. Paradoxically, in leg ischemia oxygen tension drops in the foot, whilst a collateral
963  network is generated in the thigh, where they are adequately oxygenated tissues.

964 Therefore, although therapeutic interventions aimed at salvaging a limb affected by critical
965  ischemia may include attempts to stimulate both angiogenesis and arteriogenesis, the latter should
966  be predominant if we seek to find a real clinical benefit in the standard patient with a major artery
967  occlusion.

968 Taken together, all these facts explain why different growth factors used in PAD have failed in
969  the target: there are not mature angiogenic vessels, there is a lack of stimulation of arteriogenesis, and
970  lack of correction of the main process involved in the pathogenesis of this problem, the endothelial
971  dysfunction. This is corrected by GH administration, independently of the patient is GHD or not.

972 3. Conclusions

973 From this review and our own data, we can conclude that short-time GH administration may be
974  useful for improving the endothelial dysfunction leading to the development of atherosclerosis, or
975  correcting it when it is established. GH improves the redox imbalance, enhances the appearance of
976  collateral vessels after a major artery occlusion, improves wound healing, and ameliorates cardiac
977  functioning after a myocardial infarction or heart failure. Short-term GH treatment can be safely
978  given to elder patients suffering CVD, regardless they are GHD or not, whenever a severe
979 contraindication does not exist. The relationships between Klotho and GH merit further studies, but
980  the possibility exists that Klotho might be released from the dysfunctional endothelium to induce a
981  secretion of GH able to repair this damaged tissue.

982 Acknowledgments: This study has been funded by Fundacién Biomédica Galicia Sur, Hospital Alvaro
983 Cunqueiro-Bl. Técnico-P1.2, Vigo, Spain, the Carlos III Health Institute (ISCIII), Madrid, Spain, (grant number PI
984 13-00790) and The Spanish Society of Angiology and Vascular Surgery. They will cover the costs to publish in
985 open access. We would like to thank Dr. Santiago Pérez Cachafeiro, for the graphics of biomarkers from the
986 GHAS study. We would like to thank, equally, Dr. Clara Alvarez, from the Center of Research in Molecular
987 Medicine of the University of Santiago de Compostela (CIMUS), Spain, for the genetic analysis in muscle samples
988 from the GHAS study; and Dr. Guitian Iglesias, from the Nuclear Medicine Department of Mexoeiro Hospital
989 in Vigo, Spain, for the Gammagraphy and SPECT-MIBI images from the GHAS study.

990 Author Contributions: ].D., D.C. and P.D. conceived and designed the GHAS study. O.D. wrote the section
991 about GH and heart. J.D. wrote the sections about GH and the internal endothelium. J.D. and P.D. wrote the
992 section about Klotho and GH. D.C. wrote the sections about oxidative stress, atherosclerosis, age and diabetes.
993 J.D. and D.C. structured the final version of the manuscript.

994 Conflicts of Interest: The authors declare no conflict of interest.

995 The founding sponsors had no role in the design of the study; in the collection, analyses, or interpretation of
996 data; in the writing of the manuscript, and in the decision to publish the results.

997  References

998 1.  Hirt, H,; Kimelman, J.; Birnbaum, M.].; Chen, E.Y.; Seeburg, P.H.; Eberhardt, N.L.; Barta, A. The human

999 growth hormone gene locus: structure, evolution, and allelic variations. DNA 1987, 6, 59-70. doi:
1000 10.1089/dna.1987.6.59.
1001 2. Diaz, M.],; Dominguez, F.; Haro, L.S,; Ling, N.; Devesa, J. A 12-kilodalton N-glycosylated growth hormone-
1002 related peptide is present in human pituitary extracts. J. Clin. Endocrinol. Metab. 1993, 77, 134-138. doi:
1003 10.1210/jcem.77.1.8325936.
1004 3.  Garcia-Barros, M.; Costoya, J.; Rios, R.; Arce, V.; Devesa, ]. N-Glycosylated Variants of Growth Hormone
1005 in Human Pituitary Extracts. Horm. Res. Paediatr. 2000, 53, 40—45.
1006 4.  Devesa, J.; Almengld, C.; Devesa, P. Multiple Effects of Growth Hormone in the Body: Is it Really the
1007 Hormone for Growth? Clin. Med. Insights. Endocrinol. Diabetes 2016, 9, 47-71. doi: 10.4137/CMED.S38201.
1008 5. Devesa, ].; Lima, L.; Tresguerres, ].A.F. Neuroendocrine control of growth hormone secretion in humans.

1009 Trends Endocrinol. Metab. 1992, 3, 175-183.


http://dx.doi.org/10.20944/preprints201712.0186.v1
http://dx.doi.org/10.3390/ijms19010290

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 December 2017 d0i:10.20944/preprints201712.0186.v1

25 of 37

1010 6. Steyn, F. J; Tolle, V.; Chen, C.; Epelbaum, J. Neuroendocrine regulation of growth hormone secretion.

1011 Compr. Physiol. 2016, 6, 687-735. doi: 10.1002/cphy.c150002.

1012 7. Rubinek, T.; Modan-Moses, D. Klotho and the Growth Hormone/Insulin-Like Growth

1013 Factor 1 Axis: Novel Insights into Complex Interactions. Vitamins and Hormones 2016, 101,

1014 85-118. doi: 10.1016/bs.vh.2016.02.009.

1015 8. Wang, T,; Liu, J.; McDonald, C.; Lupino, K.; Zhai, X.; Wilkins, B. ].; Hakonarson, H.; Pei, L. GDF15 is a heart-
1016 derived hormone that regulates body growth. EMBO Mol. Med. 2017, 9, 1150-1164. doi:
1017 10.15252/emmm.201707604.

1018 9. Li, G; Del Rincon, J.P.; Jahn, L.A; Wu, Y.; Gaylinn, B.; Thorner, M.O.; Liu, Z. Growth hormone exerts acute
1019 vascular effects independent of systemic or muscle insulin-like growth factor I. ] Clin Endocrinol Metab
1020 2008, 93, 1379-1385. doi: 10.1210/c.2007-2021.

1021 10. Thum, T.; Tsikas, D.; Frolich, ].C.; Borlak, J. Growth hormone induces eNOS expression and nitric oxide
1022 release in a cultured human endothelial cell line. FEBS Lett. 2003, 555, 567-571. doi: 10.1016/S50014-
1023 5793(03)01356-5.

1024 11. Brunet-Dunand, S.E.; Vouyovitch, C.; Araneda, S.; Pandey, V.; Vidal, L.]J.; Print, C.; Mertani, H.C.; Lobie,
1025 P.E.; Perry, ].K. Autocrine human growth hormone promotes tumor angiogenesis in mammary carcinoma.
1026 Endocrinology 2009, 150, 1341-1352. doi: 10.1210/en.2008-0608.

1027 12. Lilien, M.R,; Schroder, C.H.; Levtchenko, E.N.; Koomans, H.A. Growth hormone therapy influences
1028 endothelial function in children with renal failure. Pediatr. Nephrol. 2004, 19, 785-789. doi: 10.1007/s00467-
1029 004-1495-z.

1030 13. Lanes, R; Soros, A.; Flores, K.; Gunczler, P.; Carrillo, E.; Bandel, J. Endothelial function, carotid artery
1031 intima-media thickness, epicardial adipose tissue, and left ventricular mass and function in growth
1032 hormone-deficient adolescents: apparent effects of growth hormone treatment on these parameters. J. Clin.
1033 Endocrinol. Metab. 2005, 90, 3978-3982. doi: 10.1210/jc.2005-0091.

1034 14. Smotkin-Tangorra, M.; Anhalt, H.; Ten, S. Growth hormone and premature atherosclerosis in childhood
1035 obesity. J. Pediatr. Endocrinol. Metab. 2006, 19, 455-465.

1036 15. McCallum, R.W.; Sainsbury, C.A.R.; Spiers, A.; Dominiczak, A.F.; Petrie, ].R.; Sattar, N.; Connell, ].M.C.
1037 Growth hormone replacement reduces C-reactive protein and large-artery stiffness but does not alter
1038 endothelial function in patients with adult growth hormone deficiency. Clin. Endocrinol. (Oxf). 2005, 62,
1039 473-479. doi: 10.1111/j.1365-2265.2005.02245.x.

1040 16. Bollerslev, J.; Ueland, T.; Jergensen, A.P.; Fougner, K.J.; Wergeland, R.; Schreiner, T.; Burman, P. Positive
1041 effects of a physiological dose of GH on markers of atherogenesis: A placebo-controlled study in patients
1042 with adult-onset GH defiency. Eur. J. Endocrinol. 2006, 154, 537-543. doi: 10.1530/eje.1.02125.

1043 17. Oflaz, H; Sen, F.; Elitok, A.; Cimen, A.O.; Onur, I; Kasikcioglu, E.; Korkmaz, S.; Demirturk, M.; Kutluturk,
1044 F.; Pamukcu, B.; et al. Coronary flow reserve is impaired in patients with adult growth hormone (GH)
1045 deficiency. Clin. Endocrinol. (Oxf). 2007, 66, 524-529. doi: 10.1111/j.1365-2265.2007.02767 ..

1046 18. Setola, E.; Monti, L.D.; Lanzi, R.; Lucotti, P.; Losa, M.; Gatti, E.; Galluccio, E.; Oldani, M.; Fermo, L;
1047 Giovannelli, M.; et al. Effects of growth hormone treatment on arginine to asymmetric dimethylarginine
1048 ratio and endothelial function in patients with growth hormone deficiency. Metabolism. 2008, 57, 1685—
1049 1690. doi: 10.1016/j.metabol.2008.07.024.

1050 19. Hill, J.M.; Zalos, G.; Halcox, J.P; Schenke, W.H.; Waclawiw, M.A; Quyyumi, A.A; Finkel, T. Circulating
1051 endothelial progenitor cells, vascular function, and cardiovascular risk. N. Engl. J. Med. 2003, 348, 593-600.
1052 doi: 10.1056/NEJMoa022287.

1053 20. vander Klaauw, A.A; Pereira, A.M.; Rabelink, T.J.; Corssmit, E.P.M.; Zonneveld, A.J.; Pijl, H.; de Boer, H.C,;
1054 Smit, ].W.; Romijn, J.A; de Koning, E.J.P. Recombinant human GH replacement increases CD34+ cells and
1055 improves endothelial function in adults with GH deficiency. Eur. J. Endocrinol. 2008, 159, 105-111. doi:
1056 10.1530/EJE-08-0179.

1057 21. Devin, ].K;; Vaughan, D.E.; Blevins Jr. L.S.; Chen, Q.; Covington, J.; Verity, D.K,; Young, P.P. Low-dose
1058 growth hormone administration mobilizes endothelial progenitor cells in healthy adults. Growth Horm.
1059 IGF Res. 2008, 18, 253-263.

1060  22. Miljic, D.; Miljic, P.; Doknic, M.; Pekic, S.; Stojanovic, M.; Cvijovic, G.; Micic, D.; Popovic, V. Growth
1061 hormone replacement normalizes impaired fibrinolysis: New insights into endothelial dysfunction in
1062 patients with hypopituitarism and growth hormone deficiency. Growth Horm. IGF Res. 2013, 23, 243-248.

1063 doi: 10.1016/j.ghir.2013.08.005.


http://dx.doi.org/10.20944/preprints201712.0186.v1
http://dx.doi.org/10.3390/ijms19010290

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 December 2017 d0i:10.20944/preprints201712.0186.v1

26 of 37

1064 23.  Gomez, ].M.; Sahun, M.; Vila, R.; Domenech, P.; Catalina, P.; Soler, J.; Badimon, L. Elevation of E-selectin

1065 concentrations may correlate with potential endothelial dysfunction in individuals with hypopituitarism
1066 during therapy with growth hormone. Curr. Neurovasc. Res. 2007, 4, 55-62. doi:
1067 10.2174/156720207779940662.

1068 24. Hansen, T.K;; Fisker, S.; Dall, R.; Ledet, T.; Jorgensen, ]J.O.L.; Rasmussen, L.M. Growth hormone increases
1069 vascular cell adhesion molecule 1 expression: in vivo and in vitro evidence. J. Clin. Endocrinol. Metab. 2004,
1070 89, 909-916. doi: 10.1210/jc.2003-030223.

1071 25. Takala, J.; Ruokonen, E.; Webster, N.R.; Nielsen, M.S.; Zandstra, D.F.; Vundelinckx, G.; Hinds, C.]J.
1072 Increased Mortality Associated with Growth Hormone Treatment in Critically Il Adults. N. Engl. ]. Med.
1073 1999, 341, 785-792. doi: 10.1056/NEJM199909093411102.

1074 26. Hoffman, R.P. Growth hormone (GH) treatment does not restore endothelial function in children with GH
1075 deficiency. J. Pediatr. Endocrinol. Metab. 2008, 21, 323-328.

1076 27.  Kuro-o, M.; Matsumura, Y.; Aizawa, H.; Kawaguchi, H.; Suga, T.; Utsugi, T.; Ohyama, Y.; Kurabayashi, M.;
1077 Kaname, T.; Kume, E.; et al. Mutation of the mouse klotho gene leads to a syndrome resembling ageing.
1078 Nature 1997, 390, 45-51. doi: 10.1038/36285.

1079 28. Matsumura, Y.; Aizawa, H.; Shiraki-lida, T.; Nagai, R.; Kuro-o, M.; Nabeshima, Y. Identification of the
1080 Human Klotho Gene and Its Two Transcripts Encoding Membrane and Secreted Klotho Protein. Biochem.
1081 Biophys. Res. Commun. 1998, 242, 626-630. doi: 10.1006/bbrc.1997.8019.

1082 29. Nagai, R.; Hoshino, Y. [Molecular genetics of cardiovascular diseases]. Rinsho Byori 1998, 46, 249-257.
1083 30. Saito, Y.; Yamagishi, T.; Nakamura, T.; Ohyama, Y.; Aizawa, H.; Suga, T.; Matsumura, Y.; Masuda, H,;

1084 Kurabayashi, M.; Kuro-o, M.; et al. Klotho protein protects against endothelial dysfunction. Biochem.
1085 Biophys. Res. Commun. 1998, 248, 324-329. doi: S0006291X98989434 [pii].

1086 31. Nagai, R.; Saito, Y.; Ohyama, Y.; Aizawa, H.; Suga, T.; Nakamura, T.; Kurabayashi, M.; Kuro-O, M.
1087 Endothelial dysfunction in the klotho mouse and downregulation of klotho gene expression in various
1088 animal models of vascular and metabolic diseases. Cell. Mol. Life Sci. 2000, 57, 738-746. doi:
1089 10.1007/s000180050038.

1090 32. Saito, Y.; Nakamura, T.; Ohyama, Y.; Suzuki, T.; lida, A.; Shiraki-lida, T.; Kuro-o, M.; Nabeshima, Y;
1091 Kurabayashi, M.; Nagai, R. In Vivo klotho Gene Delivery Protects against Endothelial Dysfunction in
1092 Multiple Risk Factor Syndrome. Biochem. Biophys. Res. Commun. 2000, 276, 767-772. doi:
1093 10.1006/bbrc.2000.3470.

1094 33. Shimada, T.; Takeshita, Y.; Murohara, T.; Sasaki, K.I.; Egami, K.; Shintani, S.; Katsuda, Y.; Ikeda, H.;
1095 Nabeshima, Y.I; Imaizumi, T. Angiogenesis and vasculogenesis are impaired in the precocious-aging
1096 klotho mouse. Circulation 2004, 110, 1148-1155. doi: 10.1161/01.CIR.0000139854.74847.99.

1097 34. Ikushima, M.; Rakugi, H.; Ishikawa, K.; Maekawa, Y.; Yamamoto, K.; Ohta, J.; Chihara, Y.; Kida, I.; Ogihara,
1098 T. Anti-apoptotic and anti-senescence effects of Klotho on vascular endothelial cells. Biochem. Biophys.
1099 Res. Commun. 2006, 339, 827-832. doi: 10.1016/j.bbrc.2005.11.094.

1100 35. Rhee, E.J.; Oh, KW,; Lee, W.Y,; Kim, S.Y.; Jung, C.H.; Kim, B.J.; Sung, K.C; Kim, B.S.; Kang, J. H.; Lee, M.H.;
1101 et al. The differential effects of age on the association of KLOTHO gene polymorphisms with coronary
1102 artery disease. Metabolism 2006, 55, 1344-1351. doi: S0026-0495(06)00187-9
1103 [pii] \ r10.1016/j.metabol.2006.05.020.

1104 36. Maekawa, Y.; Ishikawa, K.; Yasuda, O.; Oguro, R.; Hanasaki, H.; Kida, I.; Takemura, Y.; Ohishi, M,;
1105 Katsuya, T.; Rakugi, H. Klotho suppresses TNF-alpha-induced expression of adhesion molecules in the
1106 endothelium and attenuates NF-kappaB activation. Endocrine 2009, 35, 341-346. doi: 10.1007/s12020-009-
1107 9181-3.

1108 37. Chung, C.P.; Chang, Y.C,; Ding, Y.; Lim, K; Liu, Q.; Zhu, L.; Zhang, W.; Lu, T.S.; Molostvov, G.; Zehnder,
1109 D.; et al. a-Klotho expression determines nitric oxide synthesis in response to FGF-23 in human aortic
1110 endothelial cells. PLoS One 2017, 12, e0176817. doi: 10.1371/journal.pone.0176817.

1111 38. Hu, M.C,; Kuro-o, M.; Moe, O.W. aKlotho and Vascular Calcification: An Evolving Paradigm. Curr. Opin.
1112 Nephrol. Hypertens. 2014, 23, 331-339. doi: 10.1097/01.mnh.0000447024.97464.a3.

1113 39. Six, I; Okazaki, H.; Gross, P.; Cagnard, J.; Boudot, C.; Maizel, J.; Drueke, T. B.; Massy, Z. A. Direct, acute
1114 effects of Klotho and FGF23 on vascular smooth muscle and endothelium. PLoS One 2014, 9, €93423. doi:

1115 10.1371/journal.pone.0093423.


http://dx.doi.org/10.20944/preprints201712.0186.v1
http://dx.doi.org/10.3390/ijms19010290

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 December 2017 d0i:10.20944/preprints201712.0186.v1

27 of 37

1116 40. Shahmoon, S.; Rubinfeld, H.; Wolf, I; Cohen, Z.R.; Hadani, M.; Shimon, I.; Rubinek, T. The aging

1117 suppressor klotho: a potential regulator of growth hormone secretion. AJP Endocrinol. Metab. 2014, 307,
1118 E326-E334. doi: 10.1152/ajpend0.00090.2014.

1119 41. Wolf, L; Stein, D.; Shahmoon, S.; Ziv, S.I; Hemi, R.; Kanety, H.; Rubinek, T.; Modan-Moses, D. Alteration
1120 in serum klotho levels in anorexia nervosa patients. Clin. Nutr. 2016, 35, 958-962. doi:
1121 10.1016/j.clnu.2015.07.013.

1122 42. Ridker, P.M.; Everett, B.M.; Thuren, T.; MacFadyen, ].G.; Chang, W.H.; Ballantyne, C.; Fonseca, F.; Nicolau,
1123 J.; Koenig, W.; Anker, S.D.; et al. Antiinflammatory Therapy with Canakinumab for Atherosclerotic
1124 Disease. N. Engl. ]. Med. 2017, 377, 1119-1131. doi: 10.1056/NEJMoa1707914.

1125 43. Hiatt, W.R,; Armstrong, E.J.; Larson, C.J.; Brass, E.P. Pathogenesis of the Limb Manifestations and Exercise
1126 Limitations in  Peripheral = Artery Disease. Circ. Res. 2015, 116, 1527-1539. doi:
1127 10.1161/CIRCRESAHA.116.303566.

1128 44. Fragoso Lona, ].M.; Martinez, M.S.; Vargas Alarcon, G.; Barrios Rodas, A.; Ramirez Bello, J. El factor de
1129 necrosis tumor o (TNF-a) en las enfermedades cardiovasculares: Biologia molecular y genética. Gac. Med.
1130 Mex. 2013, 149, 521-530.

1131 45. Mazidi, M.; Toth, P. P.; Banach, M. C-reactive Protein Is Associated with Prevalence of the Metabolic
1132 Syndrome, Hypertension, and Diabetes Mellitus in US Adults. Angiology 2017, 3319717729288.
1133 doi:10.1177/0003319717729288. [Epub ahead of print]

1134 46. McDermott, M. M.; Lloyd-Jones, D. M. The Role of Biomarkers and Genetics in Peripheral Arterial Disease.
1135 J. Am. Coll. Cardiol. 2009, 54, 1228-1237.

1136 47. Heinrich, P.C,; Castell, ].V; Andus, T. Interleukin-6 and the acute phase response. Biochem. J. 1990, 265,
1137 621-636.

1138 48. Yudkin, J.S.; Kumari, M.; Humphries, S.E.; Mohamed-Ali, V. Inflammation, obesity, stress and coronary
1139 heart disease: is interleukin-6 the link? Atherosclerosis 2000, 148, 209-214.

1140 49. Kerr, R; Stirling, D.; Ludlam, C.A. Interleukin 6 and haemostasis. Br. ]. Haematol. 2001, 115, 3-12.
1141 50. Ridker, P.M.; Howard, C.P.; Walter, V.; Everett, B.; Libby, P.; Hensen, J.; Thuren, T. Effects of interleukin-

1142 18 inhibition with canakinumab on hemoglobin Alc, lipids, C-reactive protein, interleukin-6, and
1143 fibrinogen a phase IIb randomized, placebo-controlled trial. Circulation 2012, 126, 2739-2748. doi:
1144 10.1161/CIRCULATIONAHA.112.122556.

1145 51. Campbell, G.R.; Campbell, ].H. The Phenotypes of Smooth Muscle Expressed in Human Atheroma. Ann.
1146 N. Y. Acad. Sci. 1990, 598, 143-158. doi: 10.1111/j.1749-6632.1990.tb42286.x.

1147 52. Mann, J]. M.; Davies, M. J. Vulnerable plaque: Relation of characteristics to degree of stenosis in human
1148 coronary arteries. Circulation 1996, 94, 928-931. doi: 10.1161/01.CIR.94.5.928.

1149 53. Libby, P.; Ridker, P.M. Inflammation and Atherothrombosis. From Population Biology and Bench Research
1150 to Clinical Practice. J. Am. Coll. Cardiol. 2006, 48, A33-A46.

1151  54. Libby, P. Inflammation and Atherosclerosis. Circulation 2002, 105, 1135-1143. doi: 10.1161/hc0902.104353.
1152 55. Fragoso-Lona, J. M.; Ramirez-Bello, J.; Cruz-Robles, D.; Pérez-Méndez, O.; de la Pefia, A.; Vargas-Alarcon,

1153 G. [Pro-inflammatory and anti-inflammatory markers in coronary artery disease and acute ischemic
1154 coronary syndrome]. Arch. Cardiol. Mex. 2009, 79, 54-62.

1155 56. Martin-Ventura, J.; Rodrigues-Diez, R.; Martinez-Lopez, D.; Salaices, M.; Blanco-Colio, L.; Briones, A.
1156 Oxidative Stress in Human Atherothrombosis: Sources, Markers and Therapeutic Targets. Int. J. Mol. Sci.
1157 2017, 18, pii: E2315. doi: 10.3390/ijms18112315.

1158 57.  Ooi, B.; Goh, B.; Yap, W. Oxidative Stress in Cardiovascular Diseases: Involvement of Nrf2 Antioxidant
1159 Redox Signaling in Macrophage Foam Cells Formation. Int. J. Mol. Sci. 2017, 18, pii: E2336. doi:
1160 10.3390/ijms18112336.

1161 58. Sussan, T.E.; Jun, J.; Thimmulappa, R.; Bedja, D.; Antero, M.; Gabrielson, K.L.; Polotsky, V.Y.; Biswal, S.
1162 Disruption of Nrf2, a key inducer of antioxidant defenses, attenuates ApoE-mediated atherosclerosis in
1163 mice. PLoS One 2008, 3, 3791. doi: 10.1371/journal.pone.0003791.

1164 59. Brevetti, G.; Schiano, V.; Chiariello, M. Cellular adhesion molecules and peripheral arterial disease. Vasc.
1165 Med. 2006, 11, 39-47. doi: 10.1191/1358863x06vmé45ra.

1166 60. Enlimomab Acute Stroke Trial Investigators Use of anti-ICAM-1 therapy in ischemic stroke: results of the
1167 Enlimomab Acute Stroke Trial. Neurology 2001, 57, 1428-1434. doi: 10.1212/WNL.57.8.1428.

1168 61. Comi, G. Treatment of multiple sclerosis: role of natalizumab. Neurol. Sci. 2009, 30, 155-158. doi:
1169 10.1007/s10072-009-0147-2.


http://dx.doi.org/10.20944/preprints201712.0186.v1
http://dx.doi.org/10.3390/ijms19010290

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 December 2017 d0i:10.20944/preprints201712.0186.v1

28 of 37

1170 62. Tardif, ].-C.; Tanguay, J.-F.; Wright, S.R.; Duchatelle, V.; Petroni, T.; Grégoire, ].C.; Ibrahim, R.; Heinonen,

1171 T.M.; Robb, S.; Bertrand, O.F; et al. Effects of the P-Selectin Antagonist Inclacumab on Myocardial Damage
1172 After Percutaneous Coronary Intervention for Non-ST-Segment Elevation Myocardial Infarction. J. Am.
1173 Coll. Cardiol. 2013, 61, 2048-2055. doi: 10.1016/j.jacc.2013.03.003.

1174 63. Kling, D.; Stucki, C.; Kronenberg, S.; Tuerck, D.; Rhéaume, E.; Tardif, J.-C.; Gaudreault, J.; Schmitt, C.
1175 Pharmacological control of platelet-leukocyte interactions by the human anti-P-selectin antibody
1176 inclacumab - preclinical and clinical studies. Thromb. Res. 2013, 131, 401-410. doi:
1177 10.1016/j.thromres.2013.02.020.

1178 64. Nylaende, M.; Kroese, A; Stranden, E.; Morken, B.; Sandbaek, G.; Lindahl, A.K.; Arnesen, H.; Seljeflot, L.
1179 Markers of vascular inflammation are associated with the extent of atherosclerosis assessed as angiographic
1180 score and treadmill walking distances in patients with peripheral arterial occlusive disease. Vasc. Med.
1181 2006, 11, 21-28. doi: 10.1191/1358863x06vm6620a.

1182 65. Cuneo, R.C.; Salomon, F.; Wiles, C.M.; Hesp, R.; Sonksen, P.H. Growth hormone treatment in growth
1183 hormone-deficient adults. II. Effects on exercise performance. J. Appl. Physiol. 1991, 70, 695-700.

1184 66. Devesa, J.; Arce, V.; Lois, N.; Tresguerres, J.A.F.; Lima, L. a2-adrenergic agonism enhances the growth
1185 hormone (GH) response to GH-releasing hormone through an inhibition of hypothalamic somatostatin
1186 release in normal men. J. Clin. Endocrinol. Metab. 1990, 71, 1581-1588. doi: 10.1210/jcem-71-6-1581.

1187 67. Grenon, S.M.; Chong, K.; Alley, H.; Nosova, E.; Gasper, W.; Hiramoto, J.; Boscardin, W.].; Owens, C.D.
1188 Walking disability in patients with peripheral artery disease is associated with arterial endothelial function.
1189 J. Vasc. Surg. 2014, 59, 1025-1034. doi: 10.1016/}.,jvs.2013.10.084.

1190 68. Naldini, A.; Carraro, F. Role of inflammatory mediators in angiogenesis. Curr. Drug Targets. Inflamm.
1191 Allergy 2005, 4, 3-8. doi: 10.2174/1568010053622830.

1192 69. Gardner, AW.; Parker, D.E.; Montgomery, P.S.; Sosnowska, D.; Casanegra, A.L; Esponda, O. L.; Ungvari,
1193 Z.; Csiszar, A.; Sonntag, W.E. Impaired Vascular Endothelial Growth Factor A and Inflammation in Patients
1194 with Peripheral Artery Disease. Angiology 2014, 65, 683-690. doi: 10.1177/0003319713501376.

1195 70. Lin, E.; Wexler, T.L.; Nachtigall, L.; Tritos, N.; Swearingen, B.; Hemphill, L.; Loeffler, J.; Biller, BM.K,;
1196 Klibanski, A.; Miller, K.K. Effects of growth hormone deficiency on body composition and biomarkers of
1197 cardiovascular risk after definitive therapy for acromegaly. Clin. Endocrinol. (Oxf). 2012, 77, 430-438. doi:
1198 10.1111/j.1365-2265.2012.04361.x.

1199 71. Devesa, J.; Devesa, P.; Reimunde, P. [Growth hormone revisited]. Med. Clin. 2010, 135, 665-670. doi:
1200 10.1016/j.medcli.2009.10.017.

1201 72. GBD 2013 Mortality and Causes of Death Collaborators Global, regional, and national age-sex specific all-
1202 cause and cause-specific mortality for 240 causes of death, 1990-2013: a systematic analysis for the Global
1203 Burden of Disease Study 2013. Lancet (London, England) 2015, 385, 117-171. doi: 10.1016/S0140-
1204 6736(14)61682-2.

1205 73. Bloom, D. E.; Cafiero, E.; Jané-Llopis, E.; Abrahams-Gessel, S.; Reddy Bloom, L.; Fathima, S.; B. Feigl, A ;
1206 Gaziano, T.; Hamandi, A.; Mowafi, M.; et al. The Global Economic Burden of Noncommunicable Diseases.
1207 World Econ. Forum 2011, 1-46. doi: 10.1192/bjp.184.5.393.

1208 74. Roth, G.A; Forouzanfar, M.H.; Moran, A.E.; Barber, R.; Nguyen, G.; Feigin, V.L.; Naghavi, M.; Mensah,
1209 G.A; Murray, C.J.L. Demographic and Epidemiologic Drivers of Global Cardiovascular Mortality. N. Engl.
1210 J. Med. 2015, 372, 1333-1341. doi: 10.1056/NEJMoa1406656.

1211 75. Benziger, C.P.; Roth, G.A.; Moran, A.E. The Global Burden of Disease Study and the Preventable Burden
1212 of NCD. Glob. Heart 2016, 11, 393-397.

1213 76. Hansson, G.K. Inflammation, atherosclerosis and coronary artery disease. N. Engl. J. Med. 2005, 352, 1685—
1214 1695. doi: 10.1056/NEJM199408183310709.

1215 77. Bleumink, G.S.; Knetsch, A.M.; Sturkenboom, M.C.J.M.; Straus, S.M.].M.; Hofman, A.; Deckers, J.W.;
1216 Witteman, J.C.M.; Stricker, B.H.C. Quantifying the heart failure epidemic: prevalence, incidence rate,
1217 lifetime risk and prognosis of heart failure. Eur. Heart J. 2004, 25, 1614-1619. doi: 10.1016/.ehj.2004.06.038.
1218 78. Mozaffarian, D.; Benjamin, E.J.; Go, A.S.; Arnett, D.K,; Blaha, M.].; Cushman, M.; Das, S.R.; De Ferranti, S.;
1219 Després, J.P.; Fullerton, H.J.; et al. Executive summary: Heart disease and stroke statistics-2016 update: A
1220 Report from the American Heart Association. Circulation 2016, 133, 447-454.

1221 79. Heidenreich, P.A.; Albert, N.M.; Allen, L.A.; Bluemke, D.A.; Butler, J.; Fonarow, G.C.; Ikonomidis, J.S.;
1222 Khavjou, O.; Konstam, M.A.; Maddox, T.M.; et al. Forecasting the Impact of Heart Failure in the United


http://dx.doi.org/10.20944/preprints201712.0186.v1
http://dx.doi.org/10.3390/ijms19010290

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 December 2017 d0i:10.20944/preprints201712.0186.v1

29 of 37
1223 States: A Policy Statement from the American Heart Association. Circ. Heart Fail. 2013, 6, 606-619. doi:
1224 10.1161/HHF.0b013e318291329a.
1225 80. Fowkes, F.G.R;; Rudan, D.; Rudan, I; Aboyans, V.; Denenberg, J.O.; McDermott, M.M.; Norman, P.E.;
1226 Sampson, U.K.; Williams, L.J.; Mensah, G.A.; et al. Comparison of global estimates of prevalence and risk
1227 factors for peripheral artery disease in 2000 and 2010: a systematic review and analysis. Lancet 2013, 382,
1228 1329-1340. doi: 10.1016/50140-6736(13)61249-0.
1229 81. Blanes, ].I; Cairols, M.A.; Marrugat, ]. Prevalence of peripheral artery disease and its associated risk factors
1230 in Spain: The ESTIME Study. Int Angiol 2009, 28, 20-25.
1231 82. Criqui, M. H.; Aboyans, V. Epidemiology of Peripheral Artery Disease. Circ. Res. 2015, 116, 1509-1526. doi:
1232 10.1161/CTIRCRESAHA.116.303849.
1233 83. Wu, J.; Xia, S.; Kalionis, B.; Wan, W.; Sun, T. The Role of Oxidative Stress and Inflammation in
1234 Cardiovascular Aging. Biomed Res. Int. 2014, 2014, 1-13. doi: 10.1155/2014/615312.
1235 84. McDermott, M.M.G. Lower Extremity Manifestations of Peripheral Artery Disease: The Pathophysiologic
1236 and Functional Implications of Leg Ischemia. Circ. Res. 2015 116, 1540-1550. doi:
1237 10.1161/CTIRCRESAHA.114.303517.
1238  85. Pipinos, LL; Judge, A.R; Zhu, Z,; Selsby, ].T.; Swanson, S.A.; Johanning, ].M.; Baxter, B.T.; Lynch, T.G;
1239 Dodd, S.L. Mitochondrial defects and oxidative damage in patients with peripheral arterial disease. Free
1240 Radic. Biol. Med. 2006, 41, 262-269. doi: 10.1016/j.freeradbiomed.2006.04.003.
1241 86. Pipinos, LL; Sharov, V.G.; Shepard, A.D.; Anagnostopoulos, P.V.; Katsamouris, A.; Todor, A.; Filis, K.A,;
1242 Sabbah, H.N. Abnormal mitochondrial respiration in skeletal muscle in patients with peripheral arterial
1243 disease. J. Vasc. Surg. 2003, 38, 827-832. doi: 10.1016/S0741-5214(03)00602-5.
1244  87. Weiss, D.J; Casale, G.P.; Koutakis, P.; Nella, A.A.; Swanson, S.A.; Zhu, Z.; Miserlis, D.; Johanning, J.M.;
1245 Pipinos, I.I. Oxidative damage and myofiber degeneration in the gastrocnemius of patients with peripheral
1246 arterial disease. J. Transl. Med. 2013, 11, 230. doi: 10.1186/1479-5876-11-230.
1247 88. Drose, S.; Brandt, U. Molecular Mechanisms of Superoxide Production by the
1248 Mitochondrial Respiratory Chain. Adv. Exp. Med. Biol. 2012, 748, 145-169. doi:
1249 10.1007/978-1-4614-3573-0_6.
1250 89. Hickman, P.; Harrison, D.K.; Hill, A.; McLaren, M.; Tamei, H.; McCollum, P.T.; Belch, J.J. Exercise in
1251 patients with intermittent claudication results in the generation of oxygen derived free radicals and
1252 endothelial damage. Adv. Exp. Med. Biol. 1994, 361, 565-570.
1253 90. Melov, S.; Shoffner, ].M.; Kaufman, A.; Wallace, D.C. Marked increase in the number and variety of
1254 mitochondrial DNA rearrangements in aging human skeletal muscle. Nucleic Acids Res. 1995, 23, 4122-
1255 4126.
1256 91. Bhat, HK,; Hiatt, W R.; Hoppel, C.L.; Brass, E.P. Skeletal muscle mitochondrial DNA injury in patients
1257 with unilateral peripheral arterial disease. Circulation 1999, 99, 807-812. doi: 10.1161/01.CIR.99.6.807.
1258 92. Rouslin, W. Mitochondrial complexes I, II, III, IV, and V in myocardial ischemia and autolysis. Am. J.
1259 Physiol. 1983, 244, H743-748.
1260 93. Brass, E.P.; Hiatt, W.R.; Gardner, A.W.; Hoppel, C.L. Decreased NADH dehydrogenase and ubiquinol-
1261 cytochrome c oxidoreductase in peripheral arterial disease. Am. J. Physiol. Heart Circ. Physiol. 2001, 280,
1262 H603-609.
1263 94. Barker, G.A.; Green, S.; Green, A.A.; Walker, P.]. Walking performance, oxygen uptake kinetics and resting
1264 muscle pyruvate dehydrogenase complex activity in peripheral arterial disease. Clin. Sci. 2004, 106, 241-
1265 249. doi: 10.1042/CS20030244.
1266 95. Ardail, D.; Debon, A.; Perret-Vivancos, C.; Biol-N'Garagba, M.-C.; Krantic, S.; Lobie, P.E.; Morel, G. Growth
1267 hormone internalization in mitochondria decreases respiratory chain activity. Neuroendocrinology 2010,
1268 91, 16-26. doi: 10.1159/000268289.
1269 96. Nylander, E.; Gronbladh, A.; Zelleroth, S.; Diwakarla, S.; Nyberg, F.; Hallberg, M. Growth hormone is
1270 protective against acute methadone-induced toxicity by modulating the NMDA receptor complex.
1271 Neuroscience 2016, 339, 538-547. doi: 10.1016/j.neuroscience.2016.10.019.
1272 97. Keane, J.; Tajouri, L.; Gray, B. The effect of growth hormone administration on the regulation of
1273 mitochondrial apoptosis in-vivo. Int. J. Mol. Sci. 2015, 16, 12753-12772. doi: 10.3390/ijms160612753.

1274 98. Suzuki, K; Yanagi, K.; Shimizu, M.; Wakamatsu, S.; Niitani, T.; Hosonuma, S.; Sagara, M.; Aso, Y. Effect of
1275 growth hormone replacement therapy on plasma diacron-reactive oxygen metabolites and endothelial


http://dx.doi.org/10.20944/preprints201712.0186.v1
http://dx.doi.org/10.3390/ijms19010290

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 December 2017 d0i:10.20944/preprints201712.0186.v1

30 of 37
1276 function in Japanese patients: The GREAT clinical study. Endocr. J. 2017, doi: 10.1507/endocrj.EJ17-0330.
1277 [Epub ahead of print].
1278 99. Scacchi, M.; Valassi, E.; Pincelli, A.L; Fatti, L.M.; Pecori Giraldi, F.; Ascoli, P.; Viarengo, R.; Cestaro, B.;
1279 Cavagnini, F.; Cazzola, R. Increased lipid peroxidation in adult GH-deficient patients: effects of short-term
1280 GH administration. J. Endocrinol. Invest. 2006, 29, 899-904. doi: 10.1007/BF03349194.
1281 100. Rojanathammanee, L.; Rakoczy, S.; Brown-Borg, H.M. Growth hormone alters the glutathione S-transferase
1282 and mitochondrial thioredoxin systems in long-living Ames dwarf mice. J. Gerontol. A. Biol. Sci. Med. Sci.
1283 2014, 69, 1199-1211. doi: 10.1093/gerona/glt178.
1284 101. Kokoszko, A.; Lewinski, A.; Karbownik-Lewinska, M. The role of growth hormone and insulin-like growth
1285 factor I in oxidative processes. Endokrynol. Pol. 2008, 59, 496-501.
1286 102. Schneider, M.P.; Boesen, E.I; Pollock, D.M. Contrasting actions of endothelin ET(A) and ET(B) receptors in
1287 cardiovascular  disease. @ Annu. Rev. Pharmacol. Toxicol. 2007, 47, 731-759. doi:
1288 10.1146/annurev.pharmtox.47.120505.105134.
1289 103. Cunningham, M.E.; Huribal, M.; Bala, R.J.; McMillen, M.A. Endothelin-1 and endothelin-4 stimulate
1290 monocyte production of cytokines. Crit. Care Med. 1997, 25, 958-964.
1291 104. Babaei, S.; Picard, P.; Ravandi, A.; Monge, ].C.; Lee, T.C.; Cernacek, P.; Stewart, D.]. Blockade of endothelin
1292 receptors markedly reduces atherosclerosis in LDL receptor deficient mice: role of endothelin in
1293 macrophage foam cell formation. Cardiovasc. Res. 2000, 48, 158-167.
1294 105. Zhao, H.; Thanthan, S.; Yannaing, S.; Kuwayama, H. Involvement of endothelin B receptors in the
1295 endothelin-3-induced increase of ghrelin and growth hormone in Holstein steers. Peptides 2010, 31, 938
1296 943. doi: 10.1016/j.peptides.2010.02.005.
1297 106. ThanThan, S.; Mekaru, C.; Seki, N.; Hidaka, K.; A Ueno; ThidarMyint, H.; Kuwayama, H. Endogenous
1298 ghrelin released in response to endothelin stimulates growth hormone secretion in cattle. Domest. Anim.
1299 Endocrinol. 2010, 38, 1-12. doi: 10.1016/j.domaniend.2009.07.007.
1300 107. Pathipati, P.; Surus, A.; Williams, C.E.; Scheepens, A. Delayed and chronic treatment with growth hormone
1301 after endothelin-induced stroke in the adult rat. Behav. Brain Res. 2009, 204, 93-101. doi:
1302 10.1016/j.bbr.2009.05.023.
1303 108. Garcia-Barros, M.; Devesa, ].; Arce, V.M. Proteolytic processing of human growth hormone (GH) by rat
1304 tissues in vitro: influence of sex and age. J. Endocrinol. Invest. 2000, 23, 748-754.
1305 109. Sacca, L.; Cittadini, A.; Fazio, S. Growth hormone and the heart. Endocr. Rev. 1994, 15, 555-573. doi:
1306 10.1210/edrv-15-5-555.
1307 110. Ren, J.; Samson, W.K.; Sowers, ].R. Insulin-like growth factor I as a cardiac hormone: physiological and
1308 pathophysiological implications in heart disease. J. Mol. Cell. Cardiol. 1999, 31, 2049-2061. doi:
1309 10.1006/jmcc.1999.1036.
1310 111. Colao, A. The GH-IGF-I axis and the cardiovascular system: Clinical implications. Clin. Endocrinol. (Oxf).
1311 2008, 69, 347-358.
1312 112. Wickman, A.; Isgaard, J.; Adams, M.A.; Friberg, P. Inhibition of nitric oxide in rats. Regulation of
1313 cardiovascular structure and expression of insulin-like growth factor I and its receptor messenger RNA. J.
1314 Hypertens. 1997, 15, 751-759.
1315 113. Pete, G.; Hu, Y.; Walsh, M.; Sowers, ].; Dunbar, J.C. Insulin-like growth factor-I decreases mean blood
1316 pressure and selectively increases regional blood flow in normal rats. Proc. Soc. Exp. Biol. Med. 1996, 213,
1317 187-192.
1318 114. Rosén, T.; Bengtsson, B.A. Premature mortality due to cardiovascular disease in hypopituitarism. Lancet
1319 (London, England) 1990, 336, 285-288. doi: 10.1016/0140-6736(90)91812-O.
1320 115. Tomlinson, ].W.; Holden, N.; Hills, R.K.; Wheatley, K.; Clayton, R.N.; Bates, A.S.; Sheppard, M.C.; Stewart,
1321 P.M. Association between premature mortality and hypopituitarism. Lancet 2001, 357, 425-431. doi:
1322 10.1016/S0140-6736(00)04006-X.
1323 116. Isgaard, J.; Arcopinto, M.; Karason, K.; Cittadini, A. GH and the cardiovascular system: an update on a
1324 topic at heart. Endocrine 2014, 48, 25-35.
1325 117. Kirilov, G.; Zacharieva, S.; Alexandrov, A.S.; Lozanov, V.; Mitev, V. Increased plasma endothelin level as
1326 an endothelial marker of cardiovascular risk in patients with active acromegaly: a comparison with plasma
1327 homocysteine. Methods Find. Exp. Clin. Pharmacol. 2009, 31, 457-461. doi: 10.1358/mf.2009.31.7.1406701.

1328 118. Thum, T.; Hoeber, S.; Froese, S.; Klink, I.; Stichtenoth, D.O.; Galuppo, P.; Jakob, M.; Tsikas, D.; Anker, S.D.;
1329 Poole-Wilson, P.A ; et al. Age-dependent impairment of endothelial progenitor cells is corrected by growth-


http://dx.doi.org/10.20944/preprints201712.0186.v1
http://dx.doi.org/10.3390/ijms19010290

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 December 2017 d0i:10.20944/preprints201712.0186.v1

31 0f 37
1330 hormone-mediated increase of insulin-like growth-factor-1. Circ. Res. 2007, 100, 434-443. doi:
1331 10.1161/01.RES.0000257912.78915.af.
1332 119. Graham, M.R.; Evans, P.; Thomas, N.E.; Davies, B.; Baker, J.S5. Changes in endothelial dysfunction and
1333 associated cardiovascular disease morbidity markers in GH-IGF axis pathology. Am. J. Cardiovasc. Drugs
1334 2009, 9, 371-381.
1335 120. Tivesten, A.; Barlind, A.; Caidahl, K.; Klintland, N.; Cittadini, A.; Ohlsson, C.; Isgaard, J. Growth hormone-
1336 induced blood pressure decrease is associated with increased mRNA levels of the vascular smooth muscle
1337 KATP channel. J. Endocrinol. 2004, 183, 195-202. doi: 10.1677/joe.1.05726.
1338 121. Andersson, L].; Johansson, M.E.; Wickman, A.; Bohlooly-Y, M.; Klintland, N.; Caidahl, K.; Gustafsson, M.;
1339 Borén, J.; Gan, L.; Bergstrom, G. Endothelial dysfunction in growth hormone transgenic mice. Clin. Sci.
1340 (Lond). 2006, 110, 217-225. doi: 10.1042/CS20050281.
1341 122. Csiszar, A.; Labinskyy, N.; Perez, V.; Recchia, F.A.; Podlutsky, A.; Mukhopadhyay, P.; Losonczy, G.;
1342 Pacher, P.; Austad, S.N.; Bartke, A.; et al. Endothelial function and vascular oxidative stress in long-lived
1343 GH/IGF-deficient Ames dwarf mice. Am. J. Physiol. Heart Circ. Physiol. 2008, 295, H1882-H1894. doi:
1344 10.1152/ajpheart.412.2008.
1345 123. Ungvari, Z.; Gautam, T.; Koncz, P.; Henthorn, J.C.; Pinto, ].T.; Ballabh, P.; Yan, H.; Mitschelen, M.; Farley,
1346 J.; Sonntag, W.E.; et al. Vasoprotective effects of life span-extending peripubertal GH replacement in lewis
1347 dwarf rats. Journals Gerontol. - Ser. A Biol. Sci. Med. Sci. 2010, 65 A, 1145-1156. doi: 10.1093/gerona/glq147.
1348 124. Gray, C.; Li, M., Reynolds, C.M.; Vickers, M.H. Pre-weaning growth hormone treatment reverses
1349 hypertension, endothelial dysfunction and alters heart development in adult male offspring induced as a
1350 consequence of maternal undernutrition. PLoS ONE. 2013, 8, e53505.
1351 125. Delafontaine, P.; Song, Y.H.; Li, Y. Expression, Regulation, and Function of IGF-1, IGF-1R, and IGF-1
1352 Binding Proteins in Blood Vessels. Arterioscler. Thromb. Vasc. Biol. 2004, 24, 435—444.
1353 126. Pathipati, P.; Gorba, T.; Scheepens, A.; Goffin, V.; Sun, Y.; Fraser, M. Growth hormone and prolactin
1354 regulate human neural stem cell regenerative activity. Neuroscience 2011, 190, 409-427. doi:
1355 10.1016/j.neuroscience.2011.05.029.
1356  127. Michell, BJ.; Griffiths, J.E.; Mitchelhill, K.I; Rodriguez-Crespo, I; Tiganis, T.; Bozinovski, S.; Ortiz de
1357 Montellano, P.R.; Kemp, B.E.; Pearson, R.B. The Akt kinase signals directly to endothelial nitric oxide
1358 synthase. Curr. Biol. 1999, 9, 845-848. doi:10.1016/S0960-9822(99)80371-6.
1359 128. Deepak, D.; Daousi, C.; Javadpour, M.; Clark, D.; Perry, Y.; Pinkney, J.; Macfarlane, I.A. The influence of
1360 growth hormone replacement on peripheral inflammatory and cardiovascular risk markers in adults with
1361 severe growth hormone deficiency. Growth Horm. IGF Res. 2010, 20, 220-225. doi:
1362 10.1016/j.ghir.2010.02.002.
1363 129. Yi, C; Cao, Y.; Mao, S.H,; Liu, H,; Ji, L.L,; Xu, S.Y.; Zhang, M.; Huang, Y. Recombinant human growth
1364 hormone improves survival and protects against acute lung injury in murine Staphylococcus aureus sepsis.
1365 Inflamm. Res. 2009, 58, 855-862. doi: 10.1007/s00011-009-0056-0.
1366 130. Masternak, M.M.; Bartke, A. Growth hormone, inflammation and aging. Pathobiol. Aging Age Relat. Dis.
1367 2012, 2, 17293. doi: 10.3402/pba.v2i0.17293.
1368 131. Kim, I.; Moon, S.0.; Kim, S.H.; Kim, H.J.; Koh, Y.S.; Koh, G.Y. Vascular endothelial growth factor expression
1369 of intercellular adhesion molecule 1 (ICAM-1), vascular cell adhesion molecule 1 (VCAM-1), and E-selectin
1370 through nuclear factor-kappa B activation in endothelial cells. J. Biol. Chem. 2001, 276, 7614-7620. doi:
1371 10.1074/jbc.M009705200.
1372 132. Torzewski, M.; Rist, C.; Mortensen, R.F.; Zwaka, T.P.; Bienek, M.; Waltenberger, J.; Koenig, W.; Schmitz,
1373 G.; Hombach, V.; Torzewski, J. C-Reactive Protein in the Arterial Intima: Role of C-Reactive Protein
1374 Receptor-Dependent Monocyte Recruitment in Atherogenesis. Arterioscler. Thromb. Vasc. Biol. 2000, 20,
1375 2094-2099. doi: 10.1161/01.ATV.20.9.2094.
1376 133. Sesmilo, G.; Biller, B.M.; Llevadot, J.; Hayden, D.; Hanson, G.; Rifai, N.; Klibanski, A. Effects of growth
1377 hormone administration on inflammatory and other cardiovascular risk markers in men with growth
1378 hormone deficiency. A randomized, controlled clinical trial. Ann. Intern. Med. 2000, 133, 111-122.
1379 134. Beaudeux, J.-L. Serum Plasma Pregnancy-Associated Protein A: A Potential Marker of Echogenic Carotid
1380 Atherosclerotic Plaques in Asymptomatic Hyperlipidemic Subjects at High Cardiovascular Risk.
1381 Arterioscler. Thromb. Vasc. Biol. 2003, 23, 7e-10. doi: 10.1161/01.ATV.0000047448.76485.B8.

1382 135. Heeschen, C.; Dimmeler, S.; Hamm, C.W.; Fichtlscherer, S.; Simoons, M.L.; Zeiher, A.M. Pregnancy-
1383 associated plasma protein-A levels in patients with acute coronary syndromes: Comparison with markers


http://dx.doi.org/10.20944/preprints201712.0186.v1
http://dx.doi.org/10.3390/ijms19010290

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 December 2017 d0i:10.20944/preprints201712.0186.v1

32 of 37
1384 of systemic inflammation, platelet activation, and myocardial necrosis. ]. Am. Coll. Cardiol. 2005, 45, 229—
1385 237. doi: 10.1016/j.jacc.2004.09.060.
1386 136. Li, L.; Ren, W.; Li, J; Liu, J.; Wang, L.; Zheng, X; Liu, D.; Li, S.; Souvenir, R.; Tang, J. Increase in serum
1387 pregnancy-associated plasma protein-A is correlated with increase in cardiovascular risk factors in adult
1388 patients with growth hormone deficiency. Endocrine 2012, 42, 375-381. doi: 10.1007/512020-012-9697-9.
1389 137. Joaquin, C.; Aguilera, E.; Granada, M.L.; Pastor, M.C.; Salinas, I.; Alonso, N.; Sanmarti, A. Effects of GH
1390 treatment in GH-deficient adults on adiponectin, leptin and pregnancy-associated plasma protein-A. Eur.
1391 J. Endocrinol. 2008, 158, 483—490. doi:10.1530/EJE-07-0554.
1392 138. Marra, A.M.; Bobbio, E.; D’Assante, R.; Salzano, A.; Arcopinto, M.; Bossone, E.; Cittadini, A. Growth
1393 Hormone as Biomarker in Heart Failure. Heart Fail. Clin. 2018, 14, 65-74. doi: 10.1016/j.hfc.2017.08.008.
1394 139. Gazzaruso, C.; Gola, M.; Karamouzis, I.; Giubbini, R.; Giustina, A. Cardiovascular risk in adult patients
1395 with growth hormone (GH) deficiency and following substitution with GH-An update. J. Clin. Endocrinol.
1396 Metab. 2014, 99, 18-29. doi: 10.1210/jc.2013-2394.
1397 140. Maison, P.; Griffin, S.; Nicoue-Beglah, M.; Haddad, N.; Balkau, B.; Chanson, P. Impact of growth hormone
1398 (GH) treatment on cardiovascular risk factors in GH-deficient adults: a Metaanalysis of Blinded,
1399 Randomized, Placebo-Controlled Trials. J. Clin. Endocrinol. Metab. 2004, 89, 2192-2199. doi:
1400 10.1210/jc.2003-030840.
1401 141. Elbornsson, M.; Gotherstrom, G.; Bosaeus, I.; Bengtsson, B.A.; Johannsson, G.; Svensson, J. Fifteen years of
1402 Growth Hormone (GH) Replacement Improves Body Composition and Cardiovascular Risk Factors. Eur.
1403 J. Endocrinol. 2013, 168, 745-753. doi: 10.1530/EJE-12-1083.
1404 142. Muniyappa, R.; Walsh, M.F.; Rangi, ].S.; Zayas, R.M.; Standley, P.R.; Ram, ].L.; Sowers, J.R. Insulin like
1405 growth factor 1 increases vascular smooth muscle nitric oxide production. Life Sci. 1997, 61, 925-931.
1406 doi:10.1016/50024-3205(97)00594-8.
1407 143. Sverrisdottir, Y.B.; Elam, M.; Caidahl, K.; Soderling, A.-S.; Herlitz, H.; Johannsson, G. The effect of growth
1408 hormone (GH) replacement therapy on sympathetic nerve hyperactivity in hypopituitary adults: a double-
1409 blind, placebo-controlled, crossover, short-term trial followed by long-term open GH replacement in
1410 hypopituitary adults. J. Hypertens. 2003, 21, 1905-1914. doi: 10.1097/01.hjh.0000084757.37215.55.
1411 144. Molitch, M.E.; Clemmons, D.R.; Malozowski, S.; Merriam, G.R.; Vance, M.L. Evaluation and treatment of
1412 adult growth hormone deficiency: an Endocrine Society clinical practice guideline. J. Clin. Endocrinol.
1413 Metab. 2011, 96, 1587-1609. doi: 10.1210/jc.2011-0179.
1414 145. Colao, A; Di Somma, C.; Filippella, M.; Rota, F.; Pivonello, R.; Orio, F.; Vitale, G.; Lombardi, G. Insulin-like
1415 growth factor-1 deficiency determines increased intima-media thickness at common carotid arteries in
1416 adult patients with growth hormone deficiency. Clin. Endocrinol. (Oxf). 2004, 61, 360-366. doi:
1417 10.1111/}.1365-2265.2004.02105.x.
1418 146. Colao, A.; Di Somma, C.; Rota, F.; Di Maio, S.; Salerno, M.; Klain, A.; Spiezia, S.; Lombardi, G. Common
1419 carotid intima-media thickness in growth hormone (GH)-deficient adolescents: A prospective study after
1420 GH withdrawal and restarting GH replacement. J. Clin. Endocrinol. Metab. 2005, 90, 2659-2665. doi:
1421 10.1210/jc.2004-1844.
1422 147. Svensson, J.; Bengtsson, B.; Rosén, T.; Odén, A; Johannsson, G. Malignant disease and cardiovascular
1423 morbidity in hypopituitary adults with or without growth hormone replacement therapy. J. Clin.
1424 Endocrinol. Metab. 2004, 89, 3306-3312. doi: 10.1210/jc.2003-031601.
1425 148. Longobardi, S.; Cuocolo, A; Merola, B.; Di Rella, F.; Colao, A; Nicolai, E.; Cardei, S.; Salvatore, M.;
1426 Lombardi, G. Left ventricular function in young adults with childhood and adulthood onset growth
1427 hormone deficiency. Clin. Endocrinol. (Oxf). 1998, 48, 137-143. doi: 10.1046/j.1365-2265.1998.00281.x.
1428 149. Colao, A.; Cuocolo, A.; Di Somma, C.; Cerbone, G.; Della Morte, A.M.; Nicolai, E.; Lucci, R.; Salvatore, M.;
1429 Lombardi, G. Impaired cardiac performance in elderly patients with growth hormone deficiency. J. Clin.
1430 Endocrinol. Metab. 1999, 84, 3950-3955. doi: 10.1210/jcem.84.11.6112.
1431 150. Losa, M.; von Werder, K. Growth hormone and the heart. The heart in acromegaly. Manelli F, Ed.; Kluwer
1432 Academic Publishers: Boston, 2001.
1433 151. Castellano, G.; Affuso, F.; Di Conza, P.; Fazio, S. The GH/IGF-1 Axis and Heart Failure. Curr. Cardiol. Rev.
1434 2009, 5, 203-215. doi: 10.2174/157340309788970306.

1435 152. Bruel, A.; Oxlund, H. Biosynthetic growth hormone increases the collagen deposition rate in rat aorta and
1436 heart. Eur. J. Endocrinol. 1995, 132, 195-199. doi:10.1530/eje.0.1320195.


http://dx.doi.org/10.20944/preprints201712.0186.v1
http://dx.doi.org/10.3390/ijms19010290

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 December 2017 d0i:10.20944/preprints201712.0186.v1

33 0f37

1437 153. Li, Q. Li, B.; Wang, X,; Leri, A.; Jana, K.P,; Liu, Y.; Kajstura, J.; Baserga, R.; Anversa, P. Overexpression of

1438 insulin-like growth factor-1 in mice protects from myocyte death after infarction, attenuating ventricular
1439 dilation, wall stress, and cardiac hypertrophy. J. Clin. Invest. 1997, 100, 1991-1999. doi: 10.1172/JCI119730.
1440 154. Arcopinto, M.; Salzano, A.; Giallauria, F.; Bossone, E.; Isgaard, J.; Marra, A.M.; Bobbio, E.; Vriz, O.; Aberg,
1441 D.N.; Masarone, D, et al. Growth hormone deficiency is associated with worse cardiac function, physical
1442 performance, and outcome in chronic heart failure: Insights from the T.O.S.CA. GHD study. PLoS One
1443 2017, 12, 0170058. doi: 10.1371/journal.pone.0170058.

1444 155. Osterziel, K.J.; Strohm, O.; Schuler, J.; Friedrich, M.; Hanlein, D.; Willenbrock, R.; Anker, S. D.; Poole-
1445 Wilson, P.A.; Ranke, M.B,; Dietz, R. Randomised, double-blind, placebo-controlled trial of human
1446 recombinant growth hormone in patients with chronic heart failure due to dilated cardiomyopathy. Lancet
1447 1998, 351, 1233-1237. doi: 10.1016/50140-6736(97)11329-0.

1448 156. Le Corvoisier, P.; Hittinger, L.; Chanson, P.; Montagne, O.; Macquin-Mavier, I.; Maison, P. Cardiac effects
1449 of growth hormone treatment in chronic heart failure: A meta-analysis. J. Clin. Endocrinol. Metab. 2007, 92,
1450 180-185. doi: 10.1210/jc.2006-1313.

1451 157. Cuneo, R.C.; Salomon, F.; Watts, G.F.; Hesp, R.; Sonksen, P.H. Growth hormone treatment improves serum
1452 lipids and lipoproteins in adults with growth hormone deficiency. Metabolism 1993, 42, 1519-1523.

1453 158. Ruiter, M.S.; van Golde, J.M.; Schaper, N.C.; Stehouwer, C.D.; Huijberts, M.S. Diabetes impairs
1454 arteriogenesis in the peripheral circulation: review of molecular mechanisms. Clin. Sci. (Lond). 2010, 119,
1455 225-238. doi: 10.1042/CS20100082.

1456 159. Marso, S.P.; Hiatt, W.R. Peripheral arterial disease in patients with diabetes. ]. Am. Coll. Cardiol. 2006, 47,
1457 921-929.

1458 160. Eton, D.; Zhou, G.; He, T.C.; Elsorady, M.; Syed, Z.A. SS18. Enhancing Neovascularization in Chronic Limb-
1459 Threatening Ischemia. J. Vasc. Surg. 2015, 61, 106S. doi: 10.1016/j.jvs.2015.04.208.

1460 161. Leinninger, G.M.; Vincent, A.M.; Feldman, E.L. The role of growth factors in diabetic peripheral
1461 neuropathy. J. Peripher. Nerv. Syst. 2004, 9, 26-53. doi: 10.1111/j.1085-9489.2004.09105.x.

1462 162. Arita, J.; Kojima, Y.; Yamamoto, I.; Mazawa, S.; Kimura, F. Somatotropes and thyrotropes in the rat anterior
1463 pituitary gland cosecrete substance P: analysis by the sandwich cell immunoblot assay.
1464 Neuroendocrinology 1994, 60, 567-574.

1465 163. Coiro, V.; Volpi, R.; Capretti, L.; Speroni, G.; Bocchi, R.; Caffarri, G.; Colla, R.; Rossi, G.; Chiodera, P.
1466 Intravenously infused substance P enhances basal and growth hormone (GH) releasing hormone-
1467 stimulated GH secretion in normal men. Peptides 1992, 13, 843-846.

1468 164. Thorey, L.S.; Hinz, B.; Hoeflich, A.; Kaesler, S.; Bugnon, P.; Elmlinger, M.; Wanke, R.; Wolf, E.; Werner, S.
1469 Transgenic mice reveal novel activities of growth hormone in wound repair, angiogenesis, and
1470 myofibroblast differentiation. J. Biol. Chem. 2004, 279, 26674-26684. doi: 10.1074/jbc.M311467200.

1471 165. Juhaszova, M.; Rabuel, C.; Zorov, D.B.; Lakatta, E.G.; Sollott, S.]J. Protection in the aged heart: Preventing
1472 the heart-break of old age? Cardiovasc. Res. 2005, 66, 233-244.

1473 166. Weinsaft, ].W.; Edelberg, ]. M. Aging-associated changes in vascular activity: a potential link to geriatric
1474 cardiovascular disease. Am. J. Geriatr. Cardiol. 2001, 10, 348-354.

1475 167. Yang, H. Effect of Aging on Angiogenesis and Arteriogenesis. Curr. Cardiol. Rev. 2007, 3, 65-74. doi:
1476 10.2174/157340307779939970.

1477 168. Hoffmann, J.; Haendeler, J.; Aicher, A; Rossig, L.; Vasa, M.; Zeiher, A.M.; Dimmeler, S. Aging enhances the
1478 sensitivity of endothelial cells toward apoptotic stimuli: important role of nitric oxide. Circ. Res. 2001, 89,
1479 709-715. doi: 10.1161/hh2001.097796.

1480 169. Agah, A.; Kyriakides, T.R.; Letrondo, N.; Bjorkblom, B.; Bornstein, P. Thrombospondin 2 levels are
1481 increased in aged mice: Consequences for cutaneous wound healing and angiogenesis. Matrix Biol. 2004,
1482 22, 539-547. doi: 10.1016/j.matbio.2003.09.004.

1483 170. Thum, T.; Hoeber, S.; Froese, S.; Klink, I.; Stichtenoth, D.O.; Galuppo, P.; Jakob, M.; Tsikas, D.; Anker, S.D.;
1484 Poole-Wilson, P.A.; et al. Age-dependent impairment of endothelial progenitor cells is corrected by growth
1485 hormone mediated increase of insulin-like growth factor-1. Circ. Res. 2007, 100, 434-443. doi:
1486 10.1161/01.RES.0000257912.78915.af.

1487 171. Yang, H.T.; Feng, Y. bFGF increases collateral blood flow in aged rats with femoral artery ligation. Am. J.
1488 Physiol. Heart Circ. Physiol. 2000, 278, H85-93.

1489 172. Bach, M.H.M.; Sadoun, E.; Reed, M.]. Defects in activation of nitric oxide synthases occur during delayed
1490 angiogenesis in aging. Mech. Ageing Dev. 2005, 126, 467-473. doi: 10.1016/j.mad.2004.10.005.


http://dx.doi.org/10.20944/preprints201712.0186.v1
http://dx.doi.org/10.3390/ijms19010290

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 December 2017 d0i:10.20944/preprints201712.0186.v1

34 0f 37

1491 173. Gosain, A.; DiPietro, L.A. Aging and Wound Healing. World J. Surg. 2004, 28, 321-326.
1492 174. S.V.,, P; R.D,, S. Gene transfer for ischemic cardiovascular disease: Is this the end of the beginning or the

1493 beginning of the end? Nat. Clin. Pract. Cardiovasc. Med. 2005, 2, 138-144.

1494 175. Khan, A.S.; Sane, D.C.; Wannenburg, T.; Sonntag, W.E. Growth hormone, insulin-like growth factor-1 and
1495 the aging cardiovascular system. Cardiovasc. Res. 2002, 54, 25-35.

1496 176. Rudman, D.; Feller, A.G.; Nagraj, H.S.; Gergans, G.A.; Lalitha, P.Y.; Goldberg, A.F.; Schlenker, R.A.; Cohn,
1497 L.; Rudman, I.W.; Mattson, D.E. Effects of human growth hormone in men over 60 years old. N. Engl. J.
1498 Med. 1990, 323, 1-6. doi: 10.1056/NEJM199007053230101.

1499 177. Sonntag, W.E.; Lynch, C.D.; Cooney, P.T.; Hutchins, P.M. Decreases in cerebral microvasculature with age
1500 are associated with the decline in growth hormone and insulin-like growth factor 1. Endocrinology 1997,
1501 138, 3515-3520. doi: 10.1210/en.138.8.3515.

1502 178. Garcia-Esteo, F.; Pascual, G.; Gallardo, A.; San-Roman, J.; Bujan, J.; Bellon, ].M. A biodegradable copolymer
1503 for the slow release of growth hormone expedites scarring in diabetic rats. J. Biomed. Mater. Res. B. Appl.
1504 Biomater. 2007, 81, 291-304. doi: 10.1002/jbm.b.30665.

1505 179. Oomen, P.H.N.; Beentjes, ].A.M.; Bosma, E.; Smit, A.].; Reitsma, W.D.; Dullaart, R.P.F. Reduced capillary
1506 permeability and capillary density in the skin of GH-deficient adults: Improvement after 12 months GH
1507 replacement. Clin. Endocrinol. (Oxf). 2002, 56, 519-524. doi: 10.1046/j.1365-2265.2002.01517 x.

1508 180. Napoli, R.; Guardasole, V.; Angelini, V.; D’Amico, F.; Zarra, E.; Matarazzo, M.; Sacca, L. Acute effects of
1509 growth hormone on vascular function in human subjects. J. Clin. Endocrinol. Metab. 2003, 88, 2817-2820.
1510 doi: 10.1210/jc.2003-030144.

1511 181. Thum, T.; Tsikas, D.; Frolich, J.C.; Borlak, J. Growth hormone induces eNOS expression and nitric oxide
1512 release in a cultured human endothelial cell line. FEBS Lett. 2003, 555, 567-571.

1513 182. Napoli, R.; Guardasole, V.; Angelini, V.; D’Amico, F.; Zarra, E.; Matarazzo, M.; Sacca, L. Acute Effects of
1514 Growth Hormone on Vascular Function in Human Subjects. J. Clin. Endocrinol. Metab. 2003, 88, 2817-2820.
1515 doi: 10.1210/jc.2003-030144.

1516 183. Caicedo, D.; Devesa, P.; Arce, V.M.; Requena, J.; Devesa, J. Chronic limb-threatening ischemia could
1517 benefit from growth hormone therapy for wound healing and limb salvage. Ther. Adv. Cardiovasc. Dis.
1518 2017, 1-20. doi: 10.1177/1753944717745494. [Epub ahead of print].

1519 184. Delafontaine, P.; Song, Y.H.; Li, Y. Expression, regulation, and function of IGF-1, IGF-1R, and IGF-1 binding
1520 proteins in  blood vessels. Arter. Thromb. Vasc. Biol. 2004, 24, 435-444. doi:
1521 10.1161/01.ATV.0000105902.89459.09.

1522 185. Dobrucki, L.W.; Tsutsumi, Y.; Kalinowski, L.; Dean, J.; Gavin, M.; Sen, S.; Mendizabal, M.; Sinusas, A.],;
1523 Aikawa, R. Analysis of angiogenesis induced by local IGF-1 expression after myocardial infarction using
1524 microSPECT-CT imaging. J. Mol. Cell. Cardiol. 2010, 48, 1071-1079. doi: 10.1016/j.yjmcc.2009.10.008.

1525 186. Rabinovsky, E.D.; Draghia-Akli, R. Insulin-like growth factor I plasmid therapy promotes in vivo
1526 angiogenesis. Mol. Ther. 2004, 9, 46-55. doi: 10.1016/j.ymthe.2003.10.003.

1527 187. Schulze, P.C.; Fang, J.; Kassik, K.A.; Gannon, J.; Cupesi, M.; MacGillivray, C.; Lee, R.T.; Rosenthal, N.
1528 Transgenic overexpression of locally acting insulin-like growth factor-1 inhibits ubiquitin-mediated muscle
1529 atrophy in chronic left-ventricular dysfunction. Circ. Res. 2005, 97, 418-426. doi:
1530 10.1161/01.RES.0000179580.72375.c2.

1531 188. Lopez-Lopez, C.; LeRoith, D.; Torres-Aleman, I. Insulin-like growth factor I is required for vessel
1532 remodeling in the adult brain. Proc. Natl. Acad. Sci. U S A 2004, 101, 9833-9838. doi:
1533 10.1073/pnas.0400337101.

1534 189. Su, E.J.; Cioffi, C.L.; Stefansson, S.; Mittereder, N.; Garay, M.; Hreniuk, D.; Liau, G. Gene therapy vector-
1535 mediated expression of insulin-like growth factors protects cardiomyocyte from apoptosis and enhances
1536 neovascularization. Am. J. Physiol. Heart Circ. Physiol. 2003, 284, H1429-440. doi:
1537 10.1152/ajpheart.00885.2002.

1538 190. Martinez-Chequer, J.C; Stouffer, R.L.; Hazzard, T.M.; Patton, P.E.; Molskness, T.A. Insulin-like growth
1539 factors-1 and -2, but not hypoxia, synergize with gonadotropin hormone to promote vascular endothelial
1540 growth factor-A secretion by monkey granulosa cells from preovulatory follicles. Biol. Reprod. 2003, 68,
1541 1112-1118. doi: 10.1095/biolreprod.102.011155.

1542 191. Jabri, N,; Schalch, D.S.; Schwartz, S.L.; Fischer, ].S.; Kipnes, M.S.; Radnik, B.J.; Turman, N.J.; Marcsisin, V.S.;
1543 Guler, H. P. Adverse effects of recombinant human insulin-like growth factor I in obese insulin-resistant

1544 type II diabetic patients. Diabetes 1994, 43, 369-374.


http://dx.doi.org/10.20944/preprints201712.0186.v1
http://dx.doi.org/10.3390/ijms19010290

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 December 2017 d0i:10.20944/preprints201712.0186.v1

350f37

1545 192. Clapp, C.; Thebault, S.; Jeziorski, M.C.; Martinez De La Escalera, G. Peptide hormone regulation of

1546 angiogenesis. Physiol. Rev. 2009, 89, 1177-1215. doi: 10.1152/physrev.00024.2009.

1547 193. Lee, Y.; Kim, ].M.,; Lee, E.J. Functional expression of CXCR4 in somatotrophs: CXCL12 activates GH gene,
1548 GH production and secretion, and cellular proliferation. J. Endocrinol. 2008, 199, 191-199. doi: 10.1677/JOE-
1549 08-0250.

1550 194. Barbieri, F.; Bajetto, A.; Porcile, C.; Pattarozzi, A.; Schettini, G.; Florio, T. Role of stromal cell-derived factor
1551 1 (SDF1/CXCL12) in regulating anterior pituitary function. J. Mol. Endocrinol. 2007, 38, 383-389. doi:
1552 10.1677/JME-06-0014.

1553 195. Smaniotto, S.; Martins-Neto, A.A.; Dardenne, M.; Savino, W. Growth hormone is a modulator of
1554 lymphocyte migration. Neuroimmunomodulation 2011, 18, 309-313. doi: 10.1159/000329497.

1555 196. Eitenmiiller, I.; Volger, O.; Kluge, A.; Troidl, K.; Barancik, M.; Cai, W.J.; Heil, M.; Pipp, F.; Fischer, S,;
1556 Horrevoets, A.J.G.; et al. The range of adaptation by collateral vessels after femoral artery occlusion. Circ.
1557 Res. 2006, 99, 656-662. doi: 10.1161/01.RES.0000242560.77512.dd.

1558 197. Ungvari, Z.; Orosz, Z.; Labinskyy, N.; Rivera, A.; Xiangmin, Z.; Smith, K., Csiszar, A. Increased
1559 mitochondrial H202 production promotes endothelial NF-kappaB activation in aged rat arteries. Am. J.
1560 Physiol. Heart Circ. Physiol. 2007, 293, H37-47. doi: 10.1152/ajpheart.01346.2006.

1561 198. Hellstrom, A.; Svensson, E.; Carlsson, B.; Niklasson, A.; Albertsson-Wikland, K. Reduced retinal
1562 vascularization in children with growth hormone deficiency. J. Clin. Endocrinol. Metab. 1999, 84, 795-798.
1563 doi: 10.1210/jc.84.2.795.

1564 199. Heil, M.; Schaper, W. Insights into Pathways of Arteriogenesis. Curr. Pharm. Biotechnol. 2007, 8, 35-42.
1565 doi: 10.2174/138920107779941408.

1566 200. Walsh, M.F.; Barazi, M.; Pete, G.; Muniyappa, R.; Dunbar, ].C.; Sowers, J.R. Insulin-like growth factor I
1567 diminishes in vivo and in vitro vascular contractility: Role of vascular nitric oxide. Endocrinology 1996,
1568 137, 1798-1803. doi: 10.1210/en.137.5.1798.

1569 201. Tsukahara, H.; Gordienko, D.V; Tonshoff, B.; Gelato, M.C.; Goligorsky, M.S. Direct demonstration of
1570 insulin-like growth factor-I-induced nitric oxide production by endothelial cells. Kidney Int. 1994, 45, 598—
1571 604.

1572 202. Capaldo, B.; Guardasole, V.; Pardo, F.; Matarazzo, M.; Di Rella, F.; Numis, F.; Merola, B.; Longobardj, S.;
1573 Sacca, L. Abnormal Vascular Reactivity in Growth Hormone Deficiency. Circulation 2001, 103, 520-524.
1574 doi: 10.1161/01.CIR.103.4.520.

1575 203. Unthank, J.; Haas, T.L.; Miller, S. Impact of shear level and cardiovascular risk factors on bioavailable nitric
1576 oxide and outward vascular remodeling in mesenteric arteries. In: Arteriogenesis- Molecular Regulation,
1577 Patophysiology and Therapeutics I; Schaper, W., Deindl, E., Eds.; Shaker Verlag, 2011; pp. 89-119. ISBN
1578 978-3-8322-9797-8.

1579 204. Sverrisdottir, Y.B.; Elam, M.; Herlitz, H.; Bengtsson, B.A.; Johannsson, G. Intense sympathetic nerve activity
1580 in adults with hypopituitarism and untreated growth hormone deficiency. J. Clin. Endocrinol. Metab. 1998,
1581 83, 1881-1885. doi: 10.1210/jcem.83.6.4895.

1582 205. Fasshauer, M.; Klein, J.; Kralisch, S.; Klier, M.; Lossner, U.; Bluher, M.; Paschke, R. Monocyte
1583 chemoattractant protein 1 expression is stimulated by growth hormone and interleukin-6 in 3T3-L1
1584 adipocytes. Biochem. Biophys. Res. Commun. 2004, 317, 598-604. doi: 10.1016/j.bbrc.2004.03.090.

1585 206. Meazza, C,; Pagani, S.; Travaglino, P.; Bozzola, M. Effect of growth hormone (GH) on the immune system.
1586 Pediatr. Endocrinol. Rev. 2004, 1 Suppl 3, 490-495.

1587 207. England, J.D.; Ferguson, M.A.; Hiatt, W.R.; Regensteiner, J.G. Progression of neuropathy in peripheral
1588 arterial disease. Muscle Nerve 1995, 18, 380-387. doi: 10.1002/mus.880180403.

1589 208. Devesa, P.; Gelabert, M.; Gonzalez-Mosquera, T.; Gallego, R.; Relova, J.L.; Devesa, J.; Arce, V. M. Growth
1590 hormone treatment enhances the functional recovery of sciatic nerves after transection and repair. Muscle
1591 Nerve 2012, 45, 385-392. doi: 10.1002/mus.22303.

1592 209. McGuigan, M.R.; Bronks, R.; Newton, R.U.; Sharman, M.].; Graham, ].C.; Cody, D.V; Kraemer, W.J. Muscle
1593 fiber characteristics in patients with peripheral arterial disease. Med. Sci. Sports Exerc. 2001, 33, 2016-2021.
1594 210. Mitchell, R.G.; Duscha, B.D.; Robbins, J.L.; Redfern, S.I; Chung, J.; Bensimhon, D.R.; Kraus, W.E.; Hiatt,
1595 W.R,; Regensteiner, ].G.; Annex, B.H. Increased levels of apoptosis in gastrocnemius skeletal muscle in
1596 patients with peripheral arterial disease. Vasc. Med. 2007, 12, 285-290. doi: 10.1177/1358863X07084858.

1597 211. Weber, M.M. Effects of growth hormone on skeletal muscle. Horm. Res. 2002, 58 Suppl 3, 43—48. doi:
1598 10.1159/000066482.


http://dx.doi.org/10.20944/preprints201712.0186.v1
http://dx.doi.org/10.3390/ijms19010290

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 December 2017 d0i:10.20944/preprints201712.0186.v1

36 of 37

1599 212. Baum, H.B.; Biller, B.M.; Finkelstein, J.S.; Cannistraro, K.B.; Oppenhein, D.S.; Schoenfeld, D. A.; Michel,

1600 T.H.; Wittink, H.; Klibanski, A. Effects of physiologic growth hormone therapy on bone density and body
1601 composition in patients with adult-onset growth hormone deficiency. A randomized, placebo-controlled
1602 trial. Ann. Intern. Med. 1996, 125, 883-890.

1603 213. McCarthy, J.J.; Esser, K.A. Anabolic and catabolic pathways regulating skeletal muscle mass. Curr. Opin.
1604 Clin. Nutr. Metab. Care 2010, 13, 230-235. doi: 10.1097/MCO.0b013e32833781b5.

1605 214.  Yoon, M.S. mTOR as a key regulator in maintaining skeletal muscle mass. Front. Physiol.

1606 2017, 8, 788. doi: 10.3389/fphys.2017.00788.

1607 215. Croker, B.A.; Kiu, H.; Nicholson, S.E. SOCS regulation of the JAK/STAT signalling pathway. Semin. Cell
1608 Dev. Biol. 2008, 19, 414-422.

1609  216. Jeffcoatte, W. Can growth hormone therapy cause diabetes ? Lancet 2000, 355, 589-590.
1610 217. Huang, Y.; Chang, Y. Regulation of pancreatic islet beta-cell mass by growth factor and hormone signaling.

1611 Prog. Mol. Biol. Transl. Sci. 2014, 121, 321-349. doi: 10.1016/B978-0-12-800101-1.00010-7.

1612 218. Weaver, ].U.; Monson, J.P.; Noonan, K.; John, W.G.; Edwards, A.; Evans, K.A.; Cunningham, J. The effect
1613 of low dose recombinant human growth hormone replacement on regional fat distribution, insulin
1614 sensitivity, and cardiovascular risk factors in hypopituitary adults. ] Clin Endocrinol Metab 1995, 80, 153—
1615 159. doi: 10.1210/jcem.80.1.7829604.

1616 219. Hwu, CM,; Kwok, C.F.; Lai, T.Y.; Shih, K.C.; Lee, T.S.; Hsiao, L.C.; Lee, S.H.; Fang, V.S.; Ho, L.T. Growth
1617 hormone (GH) replacement reduces total body fat and normalizes insulin sensitivity in GH-deficient
1618 adults: A report of one-year clinical experience. J. Clin. Endocrinol. Metab. 1997, 82, 3285-3292. doi:
1619 10.1210/c.82.10.3285.

1620 220. Dagdelen, S.; Cinar, N.; Erbas, T. Increased thyroid cancer risk in acromegaly. Pituitary 2014, 17, 299-306.
1621 doi: 10.1007/s11102-013-0501-5.

1622 221. Rizzo, M.; Montalto, G.; Rizvi, A.A.; Christ, E.R. The role of elevated growth hormone on the increased
1623 atherosclerosis in patients with acromegaly. Angiology 2012, 63, 492-494. doi: 10.1177/0003319712436578.
1624 222. Vilar, L.; Naves, L.A.; Costa, S.S.; Abdalla, L.F.; Coelho, C.E.; Casulari, L.A. Increase of classic and
1625 nonclassic cardiovascular risk factors in patients with acromegaly. Endocr. Pract. 13, 363-372. doi:
1626 10.4158/EP.13.4.363.

1627 223. Boero, L.; Cuniberti, L.; Magnani, N.; Manavela, M.; Yapur, V.; Bustos, M.; Gdmez Rosso, L.;

1628 Meroiio, T.; Marziali, L.; Viale, L.; et al. Increased oxidized low density lipoprotein

1629 associated with high ceruloplasmin activity in patients with active acromegaly. Clin.

1630 Endocrinol. (Oxf). 2010, 72, 654-660. doi: 10.1111/j.1365-2265.2009.03685.x.

1631

1632 224. Kullo, L].; Leeper, N.J. The Genetic Basis of Peripheral Arterial Disease: Current Knowledge,

1633 Challenges, and Future Directions. Circ. Res. 2015, 116, 1551-1560. doi: 10.1161/CIRCRESAHA.116.303518.
1634 225. Isner, ].M.; Baumgartner, I.; Rauh, G.; Schainfeld, R.; Blair, R.; Manor, O.; Razvi, S.; Symes, J. F. Treatment
1635 of thromboangiitis obliterans (Buerger’s disease) by intramuscular gene transfer of vascular endothelial
1636 growth factor: Preliminary clinical results. J. Vasc. Surg. 1998, 28, 964-975. doi: 10.1016/S0741-
1637 5214(98)70022-9.

1638 226. Henry, T.D.; Rocha-Singh, K.; Isner, ].M.; Kereiakes, D.].; Giordano, F.J.; Simons, M.; Losordo, D.W.;
1639 Hendel, R.C.; Bonow, R.O.; Eppler, SM.; et al. Intracoronary administration of recombinant human
1640 vascular endothelial growth factor to patients with coronary artery disease. Am. Heart J. 2001, 142, 872-
1641 880. doi: 10.1067/mhj.2001.118471.

1642 227. Hashimoto, T.; Koyama, H.; Miyata, T.; Hosaka, A.; Tabata, Y.; Takato, T.; Nagawa, H. Selective and
1643 Sustained Delivery of Basic Fibroblast Growth Factor (bFGF) for Treatment of Peripheral Arterial Disease:
1644 Results of a Phase I Trial. Eur. J. Vasc. Endovasc. Surg. 2009, 38, 71-75. doi: 10.1016/j.ejvs.2009.02.005.
1645 228. Lederman, R.J.; Mendelsohn, F.O.; Anderson, R.D.; Saucedo, J.F.; Tenaglia, A.N.; Hermiller, ].B.; Hillegass,
1646 W.B.; Rocha-Singh, K.; Moon, T.E.; Whitehouse, M.].; et al. Therapeutic angiogenesis with recombinant
1647 fibroblast growth factor-2 for intermittent claudication (the TRAFFIC study): a randomised trial. Lancet
1648 2002, 359, 2053-2058. doi:10.1016/S0140-6736(02)08937-7.

1649 229. Li, F.; Sawada, J.; Komatsu, M. R-Ras-Akt axis induces endothelial lumenogenesis and regulates the
1650 patency of regenerating vasculature. Nat. Commun. 2017, 8, 1720. doi:10.1038/s41467-017-01865-x.


http://dx.doi.org/10.20944/preprints201712.0186.v1
http://dx.doi.org/10.3390/ijms19010290

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 December 2017 d0i:10.20944/preprints201712.0186.v1

37 of 37

1651 230. Ackah, E.; Yu, J.; Zoellner, S.; Iwakiri, Y.; Skurk, C.; Shibata, R.; Ouchi, N.; Easton, R.M.; Galasso, G;

1652 Birnbaum, M.J.; Walsh, K,; et al. Aktl/protein kinase Ba is critical for ischemic and VEGF-mediated
1653 angiogenesis. J. Clin. Invest. 2005, 115, 2119-2127. doi:10.1172/JCI24726.

1654 231. Kim, D.J.; Martinez-Lemus, L.A.; Davis, G.E. EB1, p150Glued, and Clasp1 control endothelial tubulogenesis
1655 through microtubule assembly, acetylation, and apical polarization. Blood 2013, 121, 3521-3530.
1656 doi:10.1182/blood-2012-11-470179.

1657 232. Marte, B.M.; Rodriguez-Viciana, P.; Wennstrom, S.; Warne, P.H.; Downward, J. R-Ras can activate the
1658 phosphoinositide 3-kinase but not the MAP kinase arm of the Ras effector pathways. Curr. Biol. 1997, 7,
1659 63-70. doi:10.1016/50960-9822(06)00028-5.

1660  233. Sawada, J.; Urakami, T.; Li, F.; Urakami, A.; Zhu, W.; Fukuda, M.; Li, D. Y.; Ruoslahti, E.; Komatsu, M.
1661 Small GTPase R-Ras Regulates Integrity and Functionality of Tumor Blood Vessels. Cancer Cell 2012, 22,
1662 235-249. doi: 10.1016/j.ccr.2012.06.013.

1663 234. Komatsu, M.; Ruoslahti, E. R-Ras is a global regulator of vascular regeneration that suppresses intimal
1664 hyperplasia and tumor angiogenesis. Nat. Med. 2005, 11, 1346-1350. doi:10.1038/nm1324.

1665


http://dx.doi.org/10.20944/preprints201712.0186.v1
http://dx.doi.org/10.3390/ijms19010290

