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Chemerin as a Driver of Hypertension: A Consideration

David J. Ferland," Adam E. Mullick,? and Stephanie W. Watts'-

The protein chemerin (tazarotene-induced gene, TIG2; RARRES2) is
a relatively new adipokine. Many studies support that circulating
chemerin levels associate strongly and positively with body mass
index, visceral fat, and blood pressure. Here, we focus on the specific
relationship of chemerin and blood pressure with the goal of under-
standing whether and how chemerin drives (pathological) changes
in blood pressure such that it could be interfered with therapeu-
tically. We dissect the biosynthesis of chemerin and how current
antihypertensive medications change chemerin metabolism. This is
followed with a review of what is known about where chemerin is
synthesized in the body and what chemerin and its receptors can do
to the physiological function of organs important to blood pressure

CHEMERIN BIOSYNTHESIS (SITES OF AND MECHANISM)

The earliest discoveries around chemerin were made in
the immune system, classifying chemerin as a chemokine.
Chemerin activates plasmacytoid dendritic cells, natural
killer cells, and tissue macrophages.!”” In 2007, chemerin
was identified as an adipokine and the receptor through
which it was originally identified to work termed chemerin
chemokine-like receptor 1 (CMKLR1) or ChemR23; this re-
ceptor is now named Chemerin1.8-13

Context matters relative to the role chemerin plays in bi-
ological functions. Prochemerin is made predominantly
within the hepatocyte and adipocyte. Figure 1 compares
qualitative comparisons of chemerin mRNA levels in some
human tissues vs. those in the rat. This figure was drawn to
understand whether the rodent (rat) might serve as a model
for the human, and to give a quick view of relative organ ex-
pression. We do not include tissues involved with reproduc-
tion (e.g., ovary, testes, and placenta) or bone in this figure,
nor have we included studies done in the mouse. While
studies of chemerin mRNA in mouse tissues are more plen-
tiful than those in the rat, we report data in the rat because of
its importance as a model in cardiovascular studies. The liver
was set to a maximum value with all other values compared
with it, given that the absolute magnitude of chemerin
mRNA is greatest in the liver of both species. The human

determination (e.g., brain, heart, kidneys, blood vessels, adrenal,
and sympathetic nervous system). We synthesize from the litera-
ture our best understanding of the mechanisms by which chemerin
modifies blood pressure, with knowledge that plasma/serum levels
of chemerin may be limited in their pathological relevance. This re-
view reveals several gaps in our knowledge of chemerin biology that
could be filled by the collective work of protein chemists, biologists,
pharmacologists, and clinicians.
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levels are reported from the Human Atlas (https://www.
proteinatlas.org/ENSG00000106538-RARRES2/tissue). The
rat measures, less in number because of the size of the study,
were done in the laboratory of one of the authors, Dr Adam
Mullick. Where a measure is absent in this specific rat study,
the bar is marked with not yet measured or a reference 14,15
is placed for a different study that validates the qualitative
expression of mRNA in that specific rat tissue. Secreted
prochemerin is cleaved at the N-terminus to form chemerin
(ref. 16 Figure 2). This molecule (Chem 20-163 or a 143
amino acid protein) is proteolytically degraded by a host of
diverse enzymes that include carboxypeptidases, cathepsins,
elastase, Factor XIIIa, Factor Xla, chymase, plasmin, and
tryptase, to name a few.”!->® Importantly, some of these
enzymes are involved in the renin-angiotensin system and
are targets of currently used antihypertensive medications.
The intersection of therapeutics with chemerin processing
and thus ultimate functioning in the body will be later
discussed.

Chemerin isoforms are named such that number after
chemerin refers to the length of the isoform relative to the
original 163 amino acid peptide. These include chemerin
125, chemerin 152, chemerin 154, chemerin 155, chemerin
156, chemerin 157, chemerin 158, and chemerin 163 with
chemerin 157 producing the most potent responses at
Chemerinl. We will term these r/h isoforms to indicate
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Figure 1. Expression of chemerin mRNA in human and rat organs. For
both species, the liver was set to 1 given that the absolute magnitude
of chemerin mRNA is greatest in the liver of both species. The human
levels are reported from the Human Atlas (https://www.proteinatlas.org/
ENSG00000106538-RARRES2/tissue) where mRNA is a conglomerate of
that expressed in a Consensus, HPA and GTEx dataset. The rat measures,
less in number because of the size of the study, were done in the labora-
tory of one of the authors, Dr Adam Mullick and were measured relative
to RiboGreen expression. Where a measure is absent in the rat study, the
bar is marked with not yet measured (NYM) or a reference is placed for
a different study that validates the expression of mRNA in that specific
tissue.

rat/human. All mouse isoforms are 1 amino acid shorter
than the rat/human. Chemerin isoforms do not possess
identical biological activity. In fact, the majority of circu-
lating chemerin is not bioactive, at least not in the human.?
Chemerin’s overall biological activity at a site is determined
by the amount of chemerin 20-163 protein present, and the
collective enzymes present that can metabolize chemerin to
various isoforms. Biological activity of chemerin isoforms
has been compared primarily in cellular chemotaxis and in-
tracellular calcium assays. While mass spectrophotometric
measurement of some isoforms has been done,'® determi-
nation of a “fingerprint” of chemerin isoforms for a specific
tissue has yet to be achieved. It is important to note that most
assays which measure chemerin do not discriminate between
the above listed chemerin isoforms. The groups of Leung
and Morser have contributed mightily to this field, and have
made some isoform-specific antibodies and enzyme-linked
immunosorbent assays, as well as a study in tissue-specific
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processing of chemerin (approaching a “fingerprint”) in the
obese mouse.'®2*? [soforms of chemerin become an issue in
determining whether chemerin measures from circulating
blood or plasma are a useful biomarker because isoforms can
have opposite biological effects, such as anti-inflammatory
actions.?”?® Chemerin isoforms have not been stratified to
different magnitudes of blood pressure.

The role of chemerin in hypertension is complicated by
the possibility that chemerin processing may be directly im-
pacted by antihypertensive drugs. For example, angiotensin-
converting enzyme degrades chemerin 20-163 to inactive
chemerin 152 due to angiotensin-converting enzyme’s action
as a carboxypeptidase.’* Angiotensin-converting enzyme in-
hibition would thus be predicted to increase the concentra-
tion of more active chemerin isoforms. Similarly, chymase
(also an angiotensin IT producer) metabolizes chemerin to
both active and inactive forms.?® The angiotensin-converting
enzyme inhibitor fosinopril reduced the elevation of serum
and renal chemerin in a streptozocin-induced diabetic
nephropathy in the rat.’° Finally, the PPARgamma agonists
rosiglitazone, pioglitazone,'* and the angiotensin receptor
antagonist irbesartan®! reduced the elevation in chemerin
protein and Chemerinl receptor observed in the kidney
of the streptozocin-induced diabetic rat. For these latter
studies, it is simply unclear if chemerin levels were reduced
because disease was being treated vs. chemerin processing
being modified by these drugs.

CHEMERIN RECEPTORS AND TOOLS FOR
CHEMERIN BIOLOGY

There are 3 receptors for chemerin—Chemerinl,
Chemerin2,and C-C chemokine receptor like 2 (CCRL23233).
All receptors are members of the G-protein-coupled re-
ceptor family and are recognized by the International Union
of Pharmacology (Figure 2; www.guidetopharmacology.org;
target id = 78 for CCRL2; target id = 79 for chemerin re-
ceptorl; target id = 82 for chemerin receptor2). We repeat
that chemerin receptors have had name changes in the last
ten years. Chemerinl was formerly known as ChemR23 or
CMKLRI, and Chemerin2 as G-protein-coupled receptor 1
(GPR1). Chemerinl and Chemerin2 mediate the direct bio-
logical effects of chemerin (Figure 2). CCRL2 is described as
a chaperone for chemerin.> Chemerin isoforms produced
endogenously serve as the cognate ligands for individual
chemerin receptors (Figure 3). Resolvins also appear to be
agonists (substances that stimulate receptor function) at
Chemerinl.’> While antibodies are available for chemerin
receptors, most of these antibodies have not been validated
in experimental samples in which the chemerin receptor
protein is knocked out/abolished.

Pharmacological tools to study chemerin receptor func-
tion are also available but are not numerous—this is a field
in the process of development. The agonist chemerin-9
constitutes residues 149-157 of the full-length pep-
tide, mimics r/h chemerin 157, and retains biological ac-
tivity at both Chemerinl and Chemerin 2 receptors*
(guidetopharmacology.org). The Chemerinl receptor an-
tagonist CCX832 was developed by Chemocentryx and
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Figure 2. Chemerin secretion, processing and functioning at membrane bound receptors (Chemerin1 and Chemerin2) and chaperone receptor CCRL2.
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validated within our laboratory®* (Figure 3). These 2
tools—chemerin-9 and CCX832—have been the most com-
monly used tools in experimental laboratories. Other tools
are being developed. For example, Graham et al.3> devel-
oped 2-(a-naphthoyl)ethyltrimethylammonium iodide as
a Chemerinl antagonist; this molecule is recognized by
IUPHAR as such. Chemerin2 antagonists are not known.
Our team was also involved in the development of a dif-
ferent type of pharmacological tool to reduce chemerin
expression vs. mimicking or antagonizing its effects. Dr.
Adam Mullick of Ionis Pharmaceuticals created a series of
antisense oligonucleotides (ASOs) that facilitate degrada-
tion of chemerin pre-mRNA through RNase H1-dependent
mechanisms®® (Figure 3). As such, this destroys the ability
of the cell to make chemerin protein. Due to hepatic and
extrahepatic expression of chemerin, robust inhibition
of chemerin at all sites of its expression requires the most
potent ASO design. This is achieved by using Generation
(Gen) 2.5 ASOs that contain a bicyclic sugar, 2',4"-methylene
bridged nucleic acid with a (S)-constrained ethyl modifica-
tion (cEt). Importantly, RNase H1-active ASOs are designed
as gapmers, as RNA cleavage is only supported at positions
containing unmodified sugars. Thus, a typical Gen 2.5 de-
sign is a 16mer 3-10-3, with the 3 flanking nucleotides at
the 5" and 3’ ends containing cET modified sugars and a gap
of 10 nucleotides containing DNA. As with all ASOs, the
nucleotides are connected via a phosphorothioate backbone

which is important for nuclease resistance and pharmacoki-
netic properties necessary for tissue uptake. Lastly, the same
Gen 2.5 ASO chemerin with addition of a 5'- Trishexylamino-
(THA)-C2GalNAC3 5'endcap (GalNAc) targets the ASO
specifically to the liver. This is because of the high affinity of
N-acetylgalactosamine (GalNAc) for the asialoglycoprotein
receptor, which is highly expressed in hepatocytes.’” These
tools allow us to begin to dissect contributions of chemerin
to blood pressure regulation and will be discussed within
this review.

CHEMERIN’S MECHANISTIC INFLUENCE OVER BLOOD
PRESSURE AND HYPERTENSION

As evidenced by the evolution of chemerin’s classification
from chemokine to adipokine, chemerin is involved in a wide
variety of physiological processes. The cardiovascular system,
especially as it relates to hypertension, is one such system in
which chemerin has a multiplicity of effects. While there is
not yet a clear understanding of how chemerin participates
in human hypertension, we can begin to piece this puzzle
together by understanding its individual parts. Below, we
address each of the systems/organs well-established to play
a role in blood pressure (dys)regulation, and how chemerin
modifies the function of these important elements of the car-
diovascular system (Figure 4). Below, we offer an introduction
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Figure 3. Experimental tools to investigate the chemerin/chemerin receptor axis. Abbreviations: ELISA, enzyme linked immunosorbent assay; KO,
knockout; RT-PCR, reverse transcriptase-polymerase chain reaction. Red capped lines = inhibition. Green arrow = stimulation.

to chemerin function in cardiovascular organs. Because of
reference limitations, we have not been able to exhaustively
reference the number of papers for the totality of studies done
in each organ. We apologize to our colleagues for this.

Our overall opinion at this time is that the mecha-
nistic chemerin research has been deepest in the vascular
system; this section of this review is the most thorough in
its references and mechanistic discussion. This is in part be-
cause this is our expertise. This focus does not mean that
vascular work on chemerin is yet sufficient, nor does it
mean that no research has been done in other systems. We
do not mean to dismiss any organ as being unimportant by
citing fewer references. It is a goal of this review to highlight
that there is significant important work yet to be done on
chemerin in tissues of the cardiovascular system. This is a
call to those far more expert than we in these areas to meet
the challenge of mechanistic studies in these areas.

The blood vessel

The vasculature, both arteries and veins, contain an endo-
thelium, smooth muscle layer, adventitia, and perivascular
adipose tissue (PVAT). The first 3 listed layers are well estab-
lished. PVAT is gaining ground to be recognized as a vessel
tissue layer of its own. In regard to chemerin-stimulated
vasoreactivity, the aorta and mesenteric resistance vessels are
the most studied at this time.

Chemerin, either as chemerin-9 or full-length recom-
binant peptide, causes contraction of isolated arteries
(rat and human) and potentiates the effect of established
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vasoconstrictors such as endothelin-1.3-* Importantly,
chemerin-induced contraction is significantly enhanced
when the endothelium is removed.*®? Specific parts of the
formally recognized blood vessel—the endothelial cell, the
smooth muscle cell, and the sympathetic nerves that inner-
vate these tissues—are next considered.

Endothelium. The presence of a healthy endothelium
clearly influences chemerin physiology. In endothelial cells,
chemerin increases reactive oxygen species and may lead
to decreased nitric oxide production.**>4¢ Nitric oxide
synthase inhibitors increased the magnitude of contraction
caused by chemerin-9,% suggesting that chemerin might in-
teract with receptors within the endothelium to reduce con-
traction or play a role in chemerin disposition. However,
the full ability of chemerin-9 to cause contraction was only
revealed with the removal of the endothelium, an action
that is greater than inhibition of nitric oxide synthase.’
Direct endothelium-dependent contraction and/or relax-
ation stimulated by chemerin or chemerin-9 has not been
reported. If observed, such an action would occur in oppo-
sition to the ability of chemerin to increase reactive oxygen
species in endothelial cells, typically considered an event
that promotes contraction. Understanding how chemerin
affects the endothelial cell is important given that endothe-
lial cell dysfunction is a hallmark of cardiovascular diseases,
including hypertension.

Smooth muscle. Chemerinl is present on the smooth
muscle cell, with the caveat that antibodies used in the assays
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Figure 4. The physiological actions of chemerin in primary organs of the CV system. ? = insufficient basic research.

that would determine this (immunohistochemistry, Western
analyses) have not been validated in a Chemerinl knockout.
As stated above, chemerin-9 and recombinant chemerin cause
direct arterial contraction. Chemerin inhibits cyclic adeno-
sine monophosphate production*? and contraction stimulated
by chemerin is inhibited by pertussis toxin,***?* supporting
the role of the G protein G; in chemerin-stimulated signal
transduction. G, proteins are also activated by Chemerinl.#
Activation of these pathways supported by these G proteins
is consistent with chemerin causing vascular contraction.
Multiple groups agree that Chemerin2 (aka GPR1) is not in-
volved in smooth muscle responses to chemerin.**42 However,
chemerin receptor signaling may be more complicated than
previously appreciated. Recombinant r/h chemerin 157 and
its analog chemerin-9 elicit selective signaling (also known as
biased signaling or signaling by biased agonists). This means
that different chemerin isoforms elicit different second mes-
senger signaling through the same receptor, making these
events appear to be conducted through different receptors.
For example, chemerin-9 but not the recombinant, full-
length chemerin elevates intracellular calcium in a manner

antagonized by CCX 832.%0 Finally, chemerin is a mitogen
in vascular smooth muscle cells and, when infused in the
mouse, elevates blood pressure.*®% This proliferative effect
could influence the long-term remodeling of blood vessels in
hypertension.

PVAT. We consider PVAT as an independent layer of the
vessel, given that it can be readily dissected from the adven-
titia. There is increasing support that PVAT plays a role in
creating a healthy/unhealthy environment for the vessel. Both
chemerin and Chemerinl receptor can be found in PVAT of
experimental rodents and human.’®# In fat, chemerin plays a
beneficial autocrine role in adipogenesis’ but this specific role
has not been investigated in PVAT. If there is a PVAT-specific
role to chemerin, it makes this layer of the blood vessel more
relevant in blood pressure regulation due to the proximity of
the site of chemerin synthesis and its receptor expression in
vascular smooth muscle cell and nerve.

Microvasculature.  Aside from the cell/layer-specific
effects of chemerin on the microvasculature, chemerin
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promotes angiogenesis, which is more elevated in type
2 diabetes mellitus patients with microvasculature
complications.’®*! Chemerin’s positive association with an-
giogenesis is typically viewed through the lens of carcino-
genesis, an area with a greater literature.>?

The sympathetic nervous system

The cell type in PVAT is predominantly adipocytes, but
other cells and tissue types are present. These include sym-
pathetic nerves that may be found in the connective tissue
space between the smooth muscle and adipocyte layers.>
Chemerin has at least 2 functions in the vascular sym-
pathetic nerve. First, chemerin made in PVAT promotes
electrical-field stimulation (EFS)-induced superior mes-
enteric arterial contraction (a way to test nerve-mediated
contraction) through activation of Chemerinl receptor.*
EFS-induced contraction was determined to be both
nerve- and adrenergic receptor-dependent, suggesting
EFS activates sympathetic nerves. Second, exogenous
chemerin-9 potentiates EFS-induced arterial contrac-
tion. These experimental findings in the rat support that
chemerin enhances sympathetic nerve function. This is
important in considering the contributions chemerin may
make to blood pressure regulation and the multiple levels
at which the sympathetic nervous system controls and
regulates blood pressure.

The adrenal is part of the sympathetic nervous system
and exerts short-term (medulla via epinephrine) and long-
term (cortex via mineralocorticoids) control over blood
pressure. Chemerin is found in both portions of the adrenal
but Chemerinl is only present in the cortex.>* Chemerin
mRNA transcripts are found in the whole adrenal (at rather
high levels in human)> (www.proteinatlas.org) but it is
not clear whether 1 or both divisions of the adrenal regu-
late chemerin-dependent blood pressure responses. The
EFS experiments mentioned previously suggest that sympa-
thetic nerve stimulation may lead to the release of chemerin.
If chemerin is secreted in the adrenal medulla in response
to sympathetic nerve activation, the receptors in the cortex
could be activated. While the function of Chemerinl in
the cortex is unknown, the cross-section of chemerin and
mineralocorticoids on long-term control over blood pres-
sure warrants further investigation.

It is less clear whether the central nervous system uses
chemerin and its receptors to regulate blood pressure, ei-
ther in the short or long term. Studies in this area investigate
the role of chemerin in central control of appetite/feeding
behavior.>® Pig, cow, rat, and human brain contain mRNA
and protein for chemerin as well as the Chemerinl and
Chemerin2 receptors.””® It is not known whether chemerin
(including any of its metabolites) made from the periphery
can cross the blood brain barrier, but 1 study suggests it
might. Chemerin was given intraperitoneally to the rat,
and decreased food intake and body weight compared with
vehicle control, an event thought of as being centrally de-
pendent.* This particular area is ripe for mechanistic studies
given the important control the central nervous system
possesses over blood pressure and feeding.
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The heart

Knowledge of chemerin expression, chemerin receptors
and chemerin function in the heart is sparse. Chemerin
mRNA is expressed in the heart of the rat, in which chemerin
is a negative inotrope®® and may induce cellular insulin resist-
ance.’! Chemerin, stimulated by tumor necrosis factor alpha,
induced apoptosis in mouse cardiomyocytes.®?> Chemerin
processing is potentially regulated by peptidase inhibitor
16, a protein upregulated in cardiac disease. Specifically,
upregulated peptidase inhibitor 16 inhibited chemerin activa-
tion in cardiomyocytes.* While basic research on the effects
of chemerin in the heart are sparse compared with that of the
vasculature, epidemiological evidence supporting chemerin’s
role in cardiac disease, many times associated with hyperten-
sion, has grown. Specifically, there is a positive correlation
between chemerin protein serum/plasma concentration and
various pathologies associated with the heart. These include
atherosclerosis, hypertension, and atrial fibrillation,*® along
with the more general designation of cardiovascular disease.
Heart failure is a disease in which serum chemerin concen-
tration may be a novel prognostic indicator.54-%¢

Study of chemerin in cardiac (dys)function is an impor-
tant new avenue of research. It is unknown whether the
association of chemerin levels with cardiac dysfunctions
described above are because of direct effects of chemerin on
the (human) heart or are the results of the long-term sec-
ondary insults of chemerin elsewhere in the body (adipose
tissue health, immune cell infiltration, sympathetic nerve
control, and elevated blood pressure).

The kidneys

As found in literature for the heart, there are plentiful data
from humans suggesting chemerin serum/plasma concen-
tration is positively correlated with renal disease. However,
multiple groups support the idea that elevated levels of
chemerin in patients with chronic kidney disease are not
because of overproduction of chemerin (at least by adi-
pose tissue) but due to poor renal elimination.®’-7* Dialysis
directly decreased plasma chemerin concentration,®”
supporting this idea.

While multiple groups have shown that the Chemerinl
receptor was not expressed in the kidney,” others support
its presence in rat and pig.”> Moreover, chemerin mRNA
has been measured in the rat kidney’® and pig kidney.””
In the rat, a renal-specific induction of chemerin expres-
sion is observed in a model of hypertensive nephropathy.”s
Importantly, in this same model, circulating chemerin levels
were not elevated in disease. These cited studies do not,
however, describe what the function of chemerin within the
kidney might be. This underscores an important point of this
review: the local/paracrine actions of chemerin may be the
most important to biological function.

The immune system

This subject has been covered by excellent reviews (ref. 78,
for example). The inflammatory/anti-inflammatory actions
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of chemerin remain an important aspect of chemerin’s func-
tion, especially given that hypertension has been described
as an inflammatory disease. Briefly, active chemerin can
serve as a potent chemoattractant for natural killer cells,”
macrophages,! and dendritic cells.®® Activation of each of
these cell types can be linked to an increase in blood pres-
sure.8! Because of chemerin’s chemotactic nature, plasma
circulating chemerin is an important component to the
immune axis of chemerin. However, there is mounting ev-
idence that plasma chemerin is not directly associated with
increases in blood pressure. Finally, forms of chemerin have
been described as anti-inflammatory, an area not without
controversy.”?8 These findings, coupled with the ability
of chemerin to function in potentially biased means at its
receptors, have further confused our understanding of
chemerin in the inflammatory system.

CHEMERIN MEASURES IN NORMAL AND HUMANS WITH
CARDIOVASCULAR DISEASE: WHAT DOES IT MEAN?

Since its discovery, dozens of studies have reported on
measurements of circulating (serum or plasma) chemerin,
with the idea that such a measure would serve as a potential
biomarker for cardiovascular disease. Enzyme-linked im-
munosorbent assays have been the most used analytic assay.
These assays have allowed the field to gain a sense of what
is a level of circulating chemerin protein is in humans, both
healthy and with disease. Figure 5 reports findings from over
2 dozen human studies, not exhaustive of what is found in
the literature.32-1% Each study found circulating chemerin to
be in the pg/l range. Children and normal humans were at
the low 100 pg/l range. Two points can be made from this
figure. First, humans of different ethnicities are represented.
Notably, Chinese populations presented with among the
lowest level of circulating chemerin protein in what are
considered clinically healthy adults (Figure 5). Second, the
highest levels of circulating chemerin are associated, gener-
ally, with the most severe disease. This is not a perfect associ-
ation, given that morbidly obese patients had relatively lower
levels of circulating chemerin.®

Importantly, circulating chemerin correlates with the
amount of visceral but not subcutaneous fat.'%-1% Visceral fat
quantity and quality are associated with increased cardiovas-
cular disease in the human,'%-"! making observations about
chemerin consistent with these general findings. However,
circulating chemerin levels have not been used in predictive
manner. There are 2 likely reasons for this. First, as relayed
above, chemerin exists in multiple isoforms and the biological
contributions of each isoform are simply unclear. A significant
majority of the enzyme-linked immunosorbent assays used
measure a multitude of these isoforms. Second, it is unclear
what information circulating chemerin can relay as far as its
impact on cardiovascular health because it is, today, impos-
sible to tell which tissues are the greatest contributor to cir-
culating levels or whether high circulating chemerin levels
equates to increased chemerin receptor activation.

To this idea, studies in the rat can begin to shed some light.
Our laboratory created the global chemerin knockout rat to
test the hypothesis that a lack of chemerin would reduce the

ability of the knockout to become hypertensive.!'> At base-
line, blood pressures (mean, systolic, diastolic) were not dif-
ferent between the knockout and wild type of either the male
or female rat. With the hypertensive challenge of deoxycor-
ticosterone acetate and salt, the male knockout rats devel-
oped a higher blood pressure than the wild type, while the
reverse was true in the female. This suggests 2 things. First,
the actions of chemerin removal long term (from birth)
have consequences that may be different than acute removal
(discussed below). Second, there could be sex differences
in the role of chemerin in blood pressure regulation. A few
groups have demonstrated an upregulation of chemerin and
its receptors in rat models of disease. Weng et al.!'® used
a high fat diet in male Wistar rats and demonstrated that
chemerin and Chemerinl protein expression was higher
in the arteries and PVAT of the high fat vs. control group.
Similarly, circulating chemerin was elevated in a rat model
of preeclampsia.!!'* In another study, renal chemerin was ele-
vated in a diabetic model,>! and Chemerinl was upregulated
in renal T cells in casein fed progeny of the Dahl S rat.!!> This
latter study used 2-(a-naphthoyl)ethyltrimethylammonium
iodide as a Chemerinl antagonist. Antagonism of Chemerinl
attenuated the hypertension of the Dahl S rat fed high salt,
as well as renal damage.!!> These studies are significant in
that they support the activation of a chemerin receptor as
mediating the disease.

In the rat, as in the human, the liver and adipose tissue
are likely the greatest overall contributors to the body load
of chemerin (Figure 1). Our group has used the above
described ASOs in the rat that cause the degradation of
chemerin (pre)mRNA to reduce chemerin protein levels.
The ASO against chemerin has been validated. In rats given
this ASO, chemerin mRNA expression and chemerin protein
in tissues, as well as circulating (plasma) levels of chemerin
protein, were abolished compared with chemerin mRNA
and protein expression in the tissues and plasma from rats
given a control, scrambled ASO. In normal male Sprague-
Dawley rats, chemerin ASO treatment reduced mean arterial
blood pressure by ~7 mm Hg.!'¢ These data, combined with
others discussed below, have been redrawn from 6117 in
Figure 6. Similarly, the GalNAc ASO (liver-specific) against
chemerin abolished liver chemerin mRNA, chemerin pro-
tein and reduced circulating chemerin levels to near zero,
as determined by Western analysis.!!® However, this same
ASO was unable to reduce blood pressure. This suggests that
while hepatic contributions dominate circulating plasma
chemerin, liver chemerin is not involved in blood pressure
determination.

The chemerin protein important to blood pressure regu-
lation must be from other sources. We argue that adipose
tissue is this source. In fact, the chemerin ASO could dra-
matically reduce the elevated blood pressure of the high
fat but not high salt fed Dahl S rat,''” where the Dahl S is
a recognized genetic model of hypertension. In the high
fat Dahl S rat, the GalNAc ASO did not reduce the blood
pressure of the high fat rat but almost abolished circulating
chemerin levels (Figure 6).

These findings argue that it is not circulating but
rather local chemerin that is most biologically relevant
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to blood pressure. Figure 7 depicts a working hypothesis
of our investigation of fat (primarily adipocytes) as a
source of biologically relevant chemerin for blood pres-
sure regulation. PVAT could be particularly important
because it contains chemerin that could be secreted to
affect both sympathetic nerve and vessel (endothelium,
smooth muscle) function. It is also possible that PVAT fat
produces particular isoforms of chemerin that are more
effective than others in eliciting a biological response. If
the human situation is similar, then measures of circu-
lating plasma must be questioned as to their meaning-
fulness. Admittedly, we know of no way that would allow
discrimination between PVAT and other adipose depots
as sources of chemerin.

However, these data do not invalidate or diminish the
substantial human data correlating blood pressure with cir-
culating levels of chemerin. While local chemerin from the
PVAT is likely facilitating the molecular effects leading to the
changes in blood pressure, chemerin in the serum is likely
secondary to these changes and still a good diagnostic indi-
cator of what is happening on the local level.

WHAT WE NEED TO LEARN ABOUT CHEMERIN AND
HYPERTENSION

We share ideas that would move the chemerin field for-
ward, significantly past its strong but largely epidemiological
support.
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o We need more information as to the direct effects of chemerin
in the heart, kidney, brain and adrenal. Specifically, we
need to learn much more about the basic physiological
functions of chemerin, what receptors chemerin utilizes
to carry out these functions, and how this system changes
in hypertensive disease. Additionally, we need to under-
stand how much of chemerin receptor activation is from
systemic (endocrine) vs. local (paracrine) prochemerin
processing and metabolite distribution.

o We need tools that can selectively activate and inhibit
chemerinl, chemerin2, and CCRL2. Possession of re-
ceptor subtype tools would help in determining more
specific functions of chemerin at the tissue and whole-
body level.

o We need to understand how important biased actions
of chemerin receptors are to biological functions. We
introduced the idea that chemerin’s action can be in op-
position, an example being that chemerin is described
as both inflammatory and inflammatory. Is this because
different isoforms stimulate a different collective cadre
of receptors (referred above)? Is this because the loca-
tion of the receptor changes its actions? In this context,
understanding whether the cellular machinery available
to a chemerin receptor can change the biological out-
come is important. Are there cell types, for example, in
which chemerin and its isoforms act through receptors
in a biased fashion, but others in which biased signaling
is not possible?
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o We should be careful about interpretation of plasma concen-
tration of chemerin in the human. This would require having
assays that could discriminate between prochemerin and
chemerin metabolites.

o We need to determine how adipose tissue specifically
contributes to functional chemerin. Adipocyte specific
targeting of chemerin is currently a work in progress.
There is much interest in being able to reduce adipocyte
contributions, in general, but this field has been stymied
by technical difficulties.

o We need to understand the regulation of prochemerin pro-
cessing into its myriad of active chemerin metabolites.
Which proteases are essential vs. redundant? What is the
tissue-dependency?

o We need to identify whether there is a genetic associa-
tion of Loss-of-Function or Gain-of-Function variants in
chemerin signaling associated with disease. Work that has
found an association of increased plasma chemerin and
disease are intriguing but are not nearly as powerful of
identifying whether genetic variants in chemerin or the
chemerin receptors are associated with improved health
or disease.

Fat Pad

PVAT

/

Constriction

Figure 7. Working hypothesis of the local actions of chemerin in the vasculature as facilitated by the perivascular adipose tissue (PVAT) as a source of
chemerin that could activate chemerin1 receptors on the sympathetic nerve (yellow) or smooth muscle cell to stimulate vascular contraction.
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o We need to investigate whether therapeutics that modulate
chemerin levels and/or chemerin receptor signaling have
utility in treatment of cardiometabolic and/or inflammatory
diseases.
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