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Abstract
Cardiometabolic and cerebrovascular disorders belong to public health problem in most industralized countries and these disorders are rapidly achieving this dubious
distinction in the developing countries, as well. Efforts to arrest these disorders have today appeared unsatisfactory, for the mechanisms that underlie the disorders have
not been completely resolved. However, it is now widely appreciated that high levels of Lipoprotein (a) play central role in the development of the disorders. Efforts
to unravel the core of the mechanisms that underlie the above mentioned disorders has come to conclude that sthe imbalance between physiological serum levels of a
macrophage secretory glycoprotein that belongs to the mammalian chitinase-like protein family, which they used to call Human cartilage glycoprotein 39(HC-gp39)
and upregulated expression of HC-gp39 may represent an important factor to explain the pathogenesis of a range of human disorders. In concord, several lines of
evidence have accrued consolidating the concept that HC-gp39 plays critically important role in the pathogenesis of cardiometabolic and cerebrovascular disorders.
Additionally, in commensurate to this, recently accumulating body of evidence suggests that HC-gp39 may interact with Liporotein (a), working, in concert, very
probably, synergistically, and additionally in driving the pathogenesis of a range of human disorders characterized by inflammation and tissue remodeling, including
cardiometabolic disorders and cerebrovascular disorders. However, the mechanism(s) underlying this interaction is presently rudimentary. In this direction, the mere
fact that sound biology, biochemistry, and, as such, also, the real nature of the pathophysiology of these two organs: the heart and the brain, are without doubt vital for
the human life, and, coupled with the fact that there are presently no drugs at hand to either prevent nor markedly and/or completely arrest the progression of these
disorders, underscores the urgency and importance to proactively address this subject.

Introduction
It is gradually getting generally appreciated that Lipoprotein (a)
associates itself with a plethora of macrophage-derived molecules in the
pathogenesis of cardiometabolic and that of cerebrovascular disorders,
as well. The findings that exaggerated levels of Hc-gp39 correlate strictly
with the severity of disease processes in cardiometabolic disorders and
other human disorders, coupled with the wide appreciation that an
adverse relationship links insulin resistance, high serum levels of HCgp39 and metabolic and physiologic response of different structures
of the heart and blood vessels, paved the way to the concept that
Lipoprotein (a) may interact with human cartilage glycoprotein 39,
working in concert, impact profoundly on the natural course of disease
process (es) in cardiometabolic -and cerebrovascular pathologies.
However, the mechanism(s) underlying this event remains largely
undefined. Now, emerging discoveries reveal that inflammatory
cascades may interact with innate immune metabolism and drive this
process. It is, thus, the aim of this article to extend on this notion and
discuss briefly the direct consequence(s) of the effects.

Lipoprotein (a) may interact with Human Cartilage
Glycoprotein 39 (HC-gp39) and drive the disease
pathogenesis: Evolving Importance in cardiometabolic
and cerebrovascular medicine
Cerebrocardiovascular disease (CCVD) is one of the most common
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causes of morbidity and death worldwide, and, hence, represents an
important public health burden. Traditional risk factors in form of
family history, High blood pressure, hypercholesterolemia, diabetes
mellitus and excessive smoking cannot, indeed, account for the entire
risk for atherosclerotic lesions. A plethora of other potential risk
factors have been discovered in an effort to improve risk assessment
for atherosclerotic events. Direct compelling evidence collected
from a large body of literature indicates that high plasma levels of
lipoprotein (a); Lp (a) (>25 mg/dl) are potent, independent risk factor
for a variety of cerebrocardiovascular diseases, including coronary
heart disease (CHD), ischemic stroke, and venous thrombosis [13]. The ability of lipoprotein (a) to induce vascular inflammation,
endothelial dysfunction, and vascular calcification is believed to be a
common link among these disorders. Another phenomenon in this
lesion is autophagy: Autophagy, a regulatable cell repair-and housekeeping (cleansing) mechanism, which is active during fasting,
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represents major homeostatic process, which relies on the digestion of
potentially harmful intracellular structures,and or organelles, notably
mitochondria, endoplasmic reticulum, and fat droplets [4-7].
Autophagy participates in a wide range of biological processes,
including development, aging, degenerative disease, infectious disease
and cancer. Defective autophagy may contribute in significant ways to
cell death. Lipoprotein (a), a hydrophilic glycoprotein, is a modified
LDL-like lipoprotein in which a Kringle-containing protein called
apollipoprotein (a) is covalently bound to apolipoprotein B of LDL(Low
density lipoprotein) (Koschinky and Marcovina). Lp (a) has also been
identified as a carrier of oxidized phospholipids OxPLs; they are
highly inflammatory, prothrombotic, provoke disordered activation
of endothelial cells and quench nitric oxide. Of immense importance,
Lp (a) has recently been shown to be strongly linked genetically to
cardiovascular disease, and that individuals of African descent are
over proportionally associated with high plasma levels of Lp (a).
Emerging accumulating evidence indicates that Lp (a) is specifically
intimately involved in advanced progression of atherosclerotic lesions.
A set of experiments demonstrated that OxPL-containing Lp (a) and
apolipoprotein (a) play pivotal role in triggering a chain of events that
result in the development of advanced atherosclerotic lesions. In this
line, many lines of evidence have shown that oxidation of low density
lipoprotein (LDL) and phospholipids OxPLs is a major pathogenic
factor in the development of atherosclerosis. Highly oxidized LDL
(OxLDL) and OxPLs accumulate in atherosclerotic lesions and activate
macrophages and other vascular cells: A central event that results in
chronic inflammation in vascular wall, making atherosclerotic plagues
profoundly vulnerable to rapture, and, leading to a variety of acute
cardiovascular events.
An important mechanism underlying this event is attributed
to the ability of OxPL-containing Lp (a) and apo (a) to trigger cell
death (apoptosis) in endoplasmic reticulum-stressed macrophages in
atherosclerotic lesions via pathways, including oxidative stress, and
TLR-NADPH oxidase pathways. In addition, recently accumulating
evidence has associated deregulated autophagy process with a plethora
of OxLDL-mediated actions, thereby suggesting that regulated
mitochondrial and calcium physiology play important role in this
setting. Of note, emerging discoveries have come to indicate that an
evolutionarily conserved macrophage-derived secretory protein they
use to call human cartilage glycoprotein 39(HC-gh39)/(or YKL-40)
[8,9] and, lipoprotein (a), both important risk factors for endothelial
dysfunction and unifying factors in the development of atherosclerotic
lesions, may interact and amplify each other in a vicious circle of
toxicity, leading to inflammation, excessive oxidative stress, and
cellular dysfunction and eventually to cell death. HC-gp39 was first
reported as a secretory glycoprotein found in the inflammed joint of
arthritis patients only [10,11].
In the contrary, however, HC-gp39 is presently known to be
expressed and secreted in a wide variety of cells and tissues, and it
is widely appreciated that HC-gp39 is associated with almost every
human disorder, as well. In concord, large quantities of HC-gp39
are found in human atherosclerotic plaques. Its serum levels directly
correlate with cardiovascular morbidity, and mortality and all-cause
mortality; unstable angina, left ventricular dysfunction, hypertension,
obesity and several types of cancer [12,13]. HC-gp39, an inflammationassociated protein and a regulator of innate and adaptive immunity, is
a Th2-Cells responsive mammalian chitinase-like protein, and heparin,
collagen -and Chitin-binding C-Lectin [14]. It works in synergism
with IGF-1 and related proteins. It also exhibits biphasic dose
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response: a clear signature of hormesis mechanism (Okom Ofodile,
2004, unpublished.). Hormesis could be defined as a dose-response
relationship phenomenon characterized by low-dose stimulation
and high dose inhibition: it has been frequently observed in properly
designed studies and is broadly generalizable as being independent of
chemical/physical agent, biological model, and endpoint measured: EJ
Calabrese and LA Baldwin [15].
The biological and clinical role of HC-gp39 is not completely defined.
However, emerging investigations have provided new understanding of
how HC-gp39 alterations may impact on hypertension and have results
in exacerbation of both cardiovascular and cerebrovascular pathologies.
High serum levels of HC-gp39, besides inducing VSMC differentiation
to osteoblast-like cells, eliciting marked tissue remodeling, may induce
sustained inappropriate upregulation of matrixmetalloproteinase 9/
and, possibly, 2, as well. This will lead to degradation of elastin and
enhanced collagen deposition, resulting, thus, in disruption of vascular
wall integrity and vascular stiffness, (for elastin plays principal role
in vascular elasticity, and collagen fibers are more than 1000 times
stiffer than elastin): all the the se may bear particular relevance to
hypertension.
Exaggerated quantities of HC-gp39 could result in prolonged
inappropriate activation of ERK/1 and 2 (Extracellular regulated kinase
1and 2) pathway leading to glutamate and ischemia-induced oxidative
stress in neuronal cultures and brain. In almost direct association with
this: because Brain-derived neurotrophic factors is very vital for the
organs such as the heart and the brain, exaggerated serum levels of HCgp39 resulting in disordered expression and/or production of matrix
metalloproteinases, may, in turn, potently impair the synthesis and
the activity of the Brain-derived neurotrophic factors: an event that
might markedly compromise insulin sensitivity and cardiovascular
health, suggesting a link between HC-gp39 activity, food intake, energy
expenditure and/or metabolism. Furthermore, recent hypothesis
reveals that HC-gp39 may exert its biological effects through five to six
mechanisms, whereby its ability to impact upon, and modulate the cell
death machinery, and, also induce upregulation of angiogenic process,
and, possibly, also sustaining angiogenesis may represent the major
component of these mechanisms. In this context, the putative ability
of HC-gp39 to modulate autophagy machinery (Okom Ofodile, 2010,
Abstract. AJPP) should be associated with significant effects on human
biology, including mitochondrial physiology. This is particularly
relevant to degenerative diseases in which inflammation and oxidative
stress occur over time, and dysfunction in both mitochondrial and
autophagy pathways play a role. Another important event in this
scenario may be the process of efferocytosis.
Efferocytosis is a vital cell death machinery-associated process and
it is pivotal for the vascular physiology. Hence, as the central event in
the development of atherosclerotic lesions is the transformation of
arterial wall macrophages into lipid-laden foam cells, and, also, because,
efficient clearance of endoplasmic reticulum-mediated apoptotic
macrophages may modify development of advanced atherothrombotic
vascular disease susceptibility, and, therefore, without doubt, high
serum levels of HC-gp39, leading to perturbation of autophagic
process may contribute to defective efferocytosis: an event that may
markedly exacerbate advanced atherosclerotic pathology, with
disastrous consequences [16,17]. Furthermore, high levels of ROS as
direct consequence of perturbed mitochondrial physiology, among
other things, can cause reduced myocardial contractility and lipid
peroxidation of cellular membranes leading to myocyte structural
damage and eventually to destabilization of atherosclerotic plaque.
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Extending on and, going beyond this, exaggerated serum levels of
HC-gp39 leading to modulation of cell death machinery including
autophagic process could, in an intricate chains of events, contribute to
perturbation of the desmin architecture resulting in deleterious cellular
dysfunction and, eventually sudden cardiac death [18].
Furthermore, there is possibility that HC-gp39 could interact with
Fibroblast Growth factor 23 and, in turn, impacts upon the activity of
Klotho protein, leading to modulation of aging processes -particularly,
via aberrant tissue remodeling whereby the intricate interactions, and
activities of both TGF-beta 1 and Angiotensin II may play a role in this
scenario. These, in a chain of events, and altogether, may bear enormous
relevance to cardiovascular health and cerebrovascular pathology, as
well. This pieces of notion, based on the presently available data, might
point to a role for HC-gp39 in the complicated complex machinery of
human aging. (Okom Ofodile, Hypothesis: 2015, submitted).
Based on the above considerations, particularly in association with
the process of autophagy, the strict correlation of the serum levels of
HC-gp39 with both the normal course of disease progression and the
severity of disease activity in cystic fibrosis and Inflammatory Bowel
Diseases, respectively, for instance, may reflect the or an interplay
between HC-gp39 and autophagic process, as HC-gp39 serum levels,
in line with a large body of literature, have been repeatedly reported
to be particularly upregulated in these disease states. Of note, it is fair
to say that to our knowledge, this is the first serious attempt, robustly
arguing in favor for an intricate interactions between Lipoprotein
(a) and HC-gp39,: working, in concert, in synergy, and additionally,
in driving cardiometabolic and cerebrovascular pathologies. These
considerations raise the possibility that measures designed to contain
the havoc-associated with high serum levels of HC-gp39 may also
equally be efficacious in tackling the deleterious effects mediated by
high serum levels of Lipoprotein (a) in the development and resolution
of atherosclerotic lesion.
In this context, the dual role of HC-gp39 in the context of its
ability to display biphasic dose response : cytoprotective at low dose
and deleterious at high dose, is one of the most fascinating features
of this glycoprotein, and one that needs to be understood, if we ever
anticipate to harness HC-gp39 for therapeutic use. In addition to this,
the multiplicity of HC-gp39 and its virtually ubiquitous expression
calls for more rigorous investigation of its role in health and disease
states, and more importantly, cautious evaluation of its potential as
immunopharmacologic agent. In this continuum, several studies
have demonstrated the ability of lipid apheresis methodology to
markedly suppress the devastating health burden associated with
exaggerated quantities of Lipoprotein (a): it potentially inhibit multiple
components of inflammation, including complement fragments,
proinflammatory cytokine production, and leucocyte cell adhesion.
All this is very beneficial for the heart and the brain. Hence combined
therapy involving, humanized anti- HC-gp39 antibody, complementinhibitors, endoplasmic reticulum stress inhibitor, autophagy enhancer,
matrix metalloproteinase 9/2 inhibitor, TLR 9 inhibitor (to counteract
possible havoc in association with escaped mitochondrial DNA) and
appropriate Lipid Apheresis would be highly recommended. Given the
absence of any single treatment option in a position to significantly
contain the havoc directly related with high serum levels of Lipoprotein
(a) and the favorable side effects characteristic of Lipid Apheresis
methodology, Lipid Apheresis may be considered as the major therapy
for individuals with chronic cardiovascular disorders associated with
disordered Lipoprotein (a) production. In addition to the above
mentioned measures, mild physical activity, occasional intermittent
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fasting, and consequent implementation of calorie restriction measures
will be very beneficial.
Moreover, given the broad cytoprotective properties of the
heat shock response, for instance, there is now strong interest in
discovering and developing pharmacological agents capable of
inducing the heat response. This may open new perspectives in
medicine, as molecules inducing this defense mechanism appear to
be possible candidates for novel cytoprotective strategies. Because
mitochondrial dysfunction contributes to the pathogenesis of various
cardiometabolic and neurodegenerative disorders accompanied
by pathophysiological consequences at the level of calcium-driven
excitotoxicity and inflammation, and, because under this condition
free radical-induced injury may be a major component of calciuminduced injury, as well as macrophage mediated inflammation,
early and appropriate administration of various antioxidants may
be very beneficial. In this context, additional measures may be
warranted. In particular, manipulation of endogenous cellular defense
mechanisms, such as the heat shock response, through nutritional
antioxidants, pharmacological compounds or gene transduction,
may represent an innovative approach to therapeutic intervention in
diseases characterized by disordered lipid metabolism, deregulated
inflammatory responses (leading to chronic inflammation), excessive
tissue remodeling and, defective autophagy, such as cardiometabolic
disorders, cerebrovascular disorders and neurodegenerative diseases,
in general.

Calorie Restriction (Dietary calorie restriction)
Calorie restriction is the most robust and effective measure
in retarding the aging process [19-22]. Dietary calorie restriction
(DR) also referred as Calorie Restriction (CR) is the reduction of
diet consumed to a level less than that eaten by ad libidum (AL)-fed
animals, without any observable malnutrition. It is now established
that reduction of macronutrient can influence disease [23,24]. Calorie
restriction has been reported to decrease ROS production in rat heart
mitochondria by decreasing the degree of the complex I ROS generator
in normal conditions [25]. Of note, a very important finding is the fact
that Dietary calorie restriction is the only intervention to slow down
the aging process, reverse the effect of aging of protein process, mostly
through the process of autophagy. The above pieces of notion makes a
case suggesting that HC-gp39 may, possibly, represent a node, linking
human disorder (disease) via heat shock protein: Calorie Restriction;
Autophagy and Hormesis to human health. We term this construction
“ONIT-AXIS”. This, in turn, implies and, at the same time, warrants
us to propound that HC-gp39 may reside at the crossroads (-and/or
intimately interacts with the networks) governing the cells' decision
to proliferate or degenerate. The emergence of “Onit-Axis” might be
evidenced by this consideration: because the pathways governing the
activity of HC-gp39 largely overlap with the pathways intimatedly
implicated in mediating the biological effects of calorie restriction
; namely insulin -like growth factor-1 (IGF-1),/insulin signaling
pathway, the sirtuin pathway, the adenosin-monophosphate (AMP)
activated protein kinase (AMPK) pathway-and a pathway very closely
related to, but, not totally identical, with the mammalian target of
rapamycin (mTOR) pathway, thereby pointing to a link for HCgp39, connecting diet, obesity and aging to inflammation, diabetes
and related traits, and a range of other human disorders. This further
suggests that the activity of HC-gp39 may be involved in the genesis
and consequently, also, in the clinical outcome in almost all human
disorders largely characterized by inflammation, exaggerated tissue
remodeling, and defective autophagy. (Okom Ofodile, 2015). In this
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line, and, in commensurate to this, and, because of the central role HCgp39 plays in the context of NF-kappa B and PI(3)/AK T activation
and innate immunity, Humans carrying HC-gp39 gene variation may
be prone to microbial infections, autoimmune disorders and a range of
other disorders characterized by deregulated inflammatory responses,
and endothelial dysfunction.

Conclusion
It is essential to continue basic research on the mechanisms that
mediate the biological effect(s) of HC-gp39 by exploiting technological
advances and developing better animal models to validate established
and newly identified pathways associated with the activity of human
cartilage glycoprotein 39 (Hc-gp39). Hence, those Scientists and
Clinicians who discovered HC-gp39 and, for those who have
subsequently dedicated their lives' work to elucidation and targeting
the nature of the biochemical effects of HC-gp39, successful translation
of these effects into the clinics in the form of FDA-approved medicines
will be a crowning achievement. In combination, fuller understanding
of the networks governing the interaction between HC-gp39 (the
molecular events governing the interaction between HC-gp39 and
autophagic signaling, on the one side, and inflammatory responses,
on the other hand,) and Lipoprotein (a) in the development and the
resolution of cardiometabolic-and cerebrovascular pathologies may
open a new dimension in this province of research which may bear
profound relevance to novel therapy.
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