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ABSTRACT
Chemerin is an inflammatory adipokine positively associated
with hypertension and obesity. The majority of chemerin
derives from the liver and adipose tissue, however, their
individual contributions to blood pressure are unknown. We
began studying chemerin in the normal rat using antisense
oligonucleotides (ASO) with whole-body activity (Gen 2.5
chemerin ASO) or liver-restricted activity (GalNAc chemerin
ASO). We hypothesized that in normotensive male Sprague-
Dawley rats, circulating chemerin is predominately liver-derived
and regulates blood pressure. A dosing study of the Gen 2.5
chemerin ASO (with a scrambled control ASO) supported
25 mg/kg as the appropriate dose. GalNAc chemerin ASO
was also assessed and used at 10 mg/kg. Radiotelemetry
monitored mean arterial pressure (MAP) for a 1-week baseline
and weekly subcutaneous ASO injections for 4 weeks. Two

days after the final injection, animals were euthanized for tissue
reverse transcription–polymerase chain reaction and chemerin
Western analysis. Gen 2.5 chemerin ASO treatments reduced
chemerin mRNA and protein in liver, retroperitoneal fat (RP),
andmesenteric perivascular adipose tissue (mPVAT), as well as
reducing protein in plasma. GalNAc chemerin ASO treatments
reduced chemerin mRNA and protein in liver and chemerin
protein in plasma but had no effect on expression in RP fat or
mPVAT. Gen 2.5 chemerin ASO treatment reduced MAP
compared with control ASO but was unchanged in animals
receiving the GalNAc chemerin ASO. Although circulating
chemerin is liver-derived, it does not play a major role in blood
pressure regulation. Local effects of chemerin from fat may
explain this discrepancy and support chemerin’s association
with hypertension and obesity.

Introduction
Chemerin is an adipokine often positively associated with

inflammatory conditions like psoriasis (Albanesi et al., 2009),
metabolic syndrome (Cheon et al., 2017), dyslipidemia, and
hypertension (Zylla et al., 2017). Being an adipokine, chem-
erin is also positively associated with obesity (Chakaroun
et al., 2012) and visceral adipose tissue in both rat and human
models (Bozaoglu et al., 2007).
The Framingham Heart Study established the positive associa-

tion between hypertension and adiposity (Garrison et al., 1987), but
further analysis points toward visceral and retroperitoneal fat as the
specific culprits in the pathology of obesity (Hall et al., 2015). This
places chemerin production, and its propensity for inflammatory
activity, in the very same place as the source of obesity-associated
hypertension, the visceral adipose tissue. One component of this
visceral fat depot is the mesenteric perivascular adipose tissue
(mPVAT). These white adipocytes directly surround the mesenteric
resistance vessels, which are thought to play a major role in the
regulation of blood pressure (Christensen and Mulvany, 2001). The

proximity and possible paracrine release of chemerin from the
mPVAT could explain some of the blood pressure effects of
chemerin. Although there is a possible connection between PVAT
and the etiology of hypertension, the role of the liver in this
paradigmremainsmore of amystery. It iswell established that the
primary producer of chemerin mRNA is the liver, with the second
highest being the visceral adipocytes (Bozaoglu et al., 2007). This
begs the question, “Which source of chemerin is more important to
the association of chemerin with hypertension, liver or fat?”
To begin this investigation into the association of chemerin

with hypertension, it was worthwhile to first inquire how the
physiology of chemerin operates in the healthy normal rat.
When isolated aorta, superior mesenteric artery (SMA), and
mesenteric resistance vessels with a normal endothelium are
exposed to chemerin, the contraction of the vessel is slight.
However, when the vessel is contracted with phenylephrine,
the vessel further contracts in response to chemerin to the
same degree as when the endothelium is damaged or removed
(Watts et al., 2013). These conclusions have been supported by
other laboratories that noted the importance of the endothe-
lium in protecting against chemerin-induced contraction
(Neves et al., 2014). The normal SMA also has the ability to
contract in a chemerin receptor-dependent manner when
stimulated with an electrical field, a contraction that was
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dependent on PVAT and the sympathetic nervous system
(Darios et al., 2016). We have identified the mechanism of
vascular contraction in normal animals as an operation
through the smooth muscle cells themselves that works in a
calcium-dependent manner (Ferland et al., 2017).
Antisense oligonucleotides (ASOs) represent a class of

recent therapeutics that bind RNA through Watson-Crick
pairing, which promotes RNA degradation or can have other
modulatory effects such as redirecting splicing (Bennett et al.,
2017). There are a variety of ASO modifications that enhance
in vivo stability, distribution, and RNA binding affinity. For
example, the (S)-constrained ethyl (cET; Gen 2.5) sugar
modification improves RNA binding affinity, leading to im-
proved in vivo activity in hepatic and extrahepatic tissue
(Hung et al., 2013). Additionally, recent advances in targeted
delivery using the trivalent N-acetylgalactosamine (GalNAc)
conjugation have demonstrated improved targeting of the
liver (Prakash et al., 2016). GalNAc conjugation on ASOs
containing 29-O-methoxyethyl sugar modification (MOE; Gen
2.0) have demonstrated robust liver activity, with little to no
activity in adipose tissue (Mullick et al., 2017). Thus, to dissect
the role of liver-derived–versus–extrahepatic chemerin, a
GalNAc conjugated Gen 2.0 ASO with high specificity for
reducing liver chemerin expression was compared with the
Gen 2.5 ASO, which potently reduced liver and adipose
chemerin expression.
Because chemerin influences contraction of normal rat

aorta, SMA, and mesenteric resistance vessels (both with
and without prior contraction with phenylephrine) and elec-
trical field-stimulated contraction, we chose to begin our
in vivo studies with normal Sprague-Dawley (SD) rats. We
hypothesized that 1) a removal of chemerin protein from the
body by decreased mRNA translation would reduce mean
arterial pressure (MAP), 2) the degree ofMAP reductionwould
be correlated to the amount of circulating chemerin, and 3) the
liver would be the major contributor to the circulating
chemerin stores. Using in vivo pharmacology and constant
cardiovascular monitoring, we were able to test if knockdown
of chemerin by the liver-specific ASO (GalNAc Gen 2.0) or
whole-body ASO (Gen 2.5) could reduce MAP. Western
blotting and polymerase chain reaction allowed us to de-
termine the relative associations between the terminal tissue
or circulating chemerin and the short-term effect on MAP.

Materials and Methods
Animal Care. All procedures that involved animals were per-

formed in accordance with the institutional guidelines on animal use
committee of Michigan State University and the NIH Guidelines on
Use of Laboratory Animals. Animals were housed singly and main-
tained on a 12/12 light/dark cycle at a temperature of 22–25°C.Normal
male Sprague-Dawley rats (225–300 g; Charles River Laboratories,
Inc., Portage, MI) were used.

ASO Synthesis. Synthesis of the Gen 2.0 and 2.5 antisense
oligonucleotides (Seth et al., 2008) and GalNAc ASOs (Prakash
et al., 2016) were described previously. In vitro activity screens
followed by in vivo activity and tolerability screens were used to
identify leads. The following are lists of the scrambled, GalNAc Gen
2.0 and Gen 2.5 ASOs used in this study:

Scrambled (59–39): GGCCAATACGCCGTCA
GalNAc Gen 2.0 (59–39): GalNAc-ACAGTTTTATTAGCCTGGAG
Gen 2.5 (59–39): GTTTTATTAGCCTGGA

ASOs were diluted in sterile phosphate-buffered saline (PBS) to
their final concentration (described below).

Radiotelemetry and In Vivo Pharmacology. Rats were
implanted with a femoral catheter connected to a subcutaneously
implanted radiotelemeter. Early studies used C-40s (DSI, New
Brighton, MN) but were replaced with HD-S10s (DSI) for the added
capability of measuring core body temperature. After 5 days of
recovery, baseline cardiovascular measures were recorded every
10 minutes for 10 seconds over 1 week. Weekly subcutaneous injections
were performed under anesthesia (1–2% isoflurane) for 4 weeks. Phys-
iologic measures were sampled every 10 minutes for 10 seconds for the
duration of the experiment and averaged daily for statistical analysis and
graphical representation.

Gen 2.5 Chemerin ASO Dosing Study. After implantation of
radiotelemetry, rats were administered a scrambled control ASO or
Gen 2.5 chemerin ASO. Both control ASO and Gen 2.5 chemerin ASO
were administered at 25, 12.5, or 6.25 mg/kg. Doses were given
subcutaneously on days 0, 7, 14, and 19 with tissue and blood
collection on day 21.

Gen 2.5 Chemerin and GalNAc Chemerin ASO Blood
Pressure Studies. After implantation of radiotelemetry, rats re-
ceived subcutaneous injection of PBS (average volume of ASO
injections), control ASO (25 mg/kg), Gen 2.5 chemerin ASO (25 mg/
kg), or GalNAc chemerin ASO (10 mg/kg) on days 0, 7, 14, and 19.
Animals were sacrificed under anesthesia (1–2% isoflurane) by
pneumothorax. The entire retroperitoneal fat pad was dissected away
from the posterior abdominal wall and the mPVAT was removed in
bulk from the base of the SMAwithout collecting any of themesenteric
resistance vessels. Tissues were weighed and collected for mRNA and
protein analysis. Bloodwas also collected for plasma. All sampleswere
stored either at 280°C or under dry-ice until isolation of mRNA or
protein. Researchers performing themRNA and protein analysis were
initially blinded to the treatment conditions of the tissue.

Real-Time Quantitative PCR. Quantitative real-time reverse
transcription–polymerase chain reaction (qPCR) mRNA analysis was
performed with TaqMan primer probes (Applied Biosystems; Thermo
Fisher Scientific, Foster City, CA). Total RNA was extracted from
whole tissue with the RNeasy RNA isolation kit (Qiagen, Valencia,
CA). Samples (50 ng total RNA) were subjected to qPCR analysis with
commercial reagents (Invitrogen; Thermo Fisher Scientific, Carlsbad,
CA) and analyzed with the ABI StepOne Plus Sequence Detector
(Applied Biosystems). TaqMan primers and probe for chemerin are
as follows: forward sequence, CAGGAGATCGGTGTGGACAGT; re-
verse sequence, GAGCTTAAATTCC-AGCCTCACAA; probe sequence,
TGATGACCTGTTCTTCTCAGCTGGCACCX. The PCR probes were
labeledwith 59-FAM (a 6- carboxyfluorescein reporter) and 39-TAMRA
[a 5(6)-carboxytetramethyl rhodamine quencher]. After 40 amplifica-
tion cycles, absolute values were obtained with SDS analysis software
(Applied Biosystems). Values were normalized to total RNA via
RiboGreen measurement (Invitrogen). The use of total RNA as a
calibration control has been validated (Hashimoto et al., 2004).

Western Analysis. Blood was centrifuged for 20 minutes at 4°C
and 2000 rpm. Plasma was collected and diluted 1:25 before perfor-
mance of a bicinchoninic acid assay for total protein (cat. no. BCA1;
MilliporeSigma, St. Louis, MO). Fat pads were homogenized in an
Bead Ruptor 24 (5.65 m/s, 2 cycles, 30-second cycles, 30 seconds
between cycles, 6°C; Omni International, Kennesaw, GA). One-
hundred micrograms of protein was added to a 15% polyacrylamide
gel and run at 120 V. Protein was transferred to a Immobilon FL
PVDFMembrane (cat. no. IPFL00010; MilliporeSigma, Billerica, MA)
for 1 hour at 100 V. Blots were dried, Total Protein Stain (cat. no. 926-
11011; Li-Cor, Lincoln, NE) was added (if applicable) and reverted,
then blocked with Chick Egg Ovalbumin for 3 hours. Chemerin
antibody (1:1000; cat. no. 112520; Abcam, Cambridge, MA) was
incubated for 48 hours at 4°C and the secondary antibody (1:1000;
IRDye 800 anti-Mouse, cat. no. 926-32210; Li-Cor) was incubated for
1 hour at 4°C. Transferrin was used as a loading control (1:1000; cat.
no. 82411; Abcam)with an IRDye 680LT secondary (1:1000; anti-rabbit,
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cat. no. 926-68021; Li-Cor) for plasma, and Total Protein Stain was
the loading control for tissues. Total protein quantification is
becoming the preferred method of performing a loading control,
because it does not rely on the expression of one protein and canmore
ubiquitously control for expression changes over a large range of
tissue types (Eaton et al., 2013). Blots were visualized using the
Odyssey FC and CLx Infrared Imaging and quantified using Image
Studio (5.2.5; Li-Cor).

Data Analyses and Statistics. All mRNA data were compiled,
normalized to total RNA, then normalized to an average of all controls
(PBS and scrambled control ASO). All percentages of mRNA expres-
sionwere comparedwith this averaged control. Proteinwas quantified
then normalized to loading controls (total protein or transferrin). If
there were comparisons made between different blots, samples were
further normalized to their respective PBS control. All percentages of
chemerin protein expression were compared with an average of the
control ASO measurement. Although Western images may have
brightness or contrast enhanced as a whole to visualize bands, it does
not change the quantification by the Li-Cor Image Studio. All
comparisons of significance were performed in Prism 7 (vers. 7.0c;
GraphPad, La Jolla, CA) using one-way analysis of variance (ANOVA)
with a Sidak correction formultiple comparisons. Data are reported as
mean 6 S.E.M. In vivo data were analyzed by two-way ANOVA
(treatment and time) comparing the mean of each treatment with the
others using a Sidak correction for multiple comparisons.

Results
Gen 2.5 Chemerin ASO Must Be Dosed at 25 mg/kg

for Effective Knockdown. A small experiment assessed
the ability of the Gen 2.5 chemerin ASO to knock down
chemerin mRNA concentrations at weakly consistent doses
of 25, 12.5, and 6.25 mg/kg, comparing them all to the
scrambled control ASO at the same dose. Chemerin mRNA
expression in the liver (Fig. 1A) was completely reduced with
the 25-mg/kg dose compared with the control ASO. Expression
with 12.5- and 6.25-mg/kg dosing of Gen 2.5 chemerin ASO
rose to 3.3% 6 0.3% and 9.0% 6 2.3%, respectively. Likewise,
retroperitoneal (RP) fat (Fig. 1B) exhibited a complete re-
duction in chemerin expression at 25 mg/kg with expression
increasing to 16.0% 6 3.5% and 57.3% 6 2.7% with 12.5 and
6.25 mg/kg, respectively. Chemerin expression from the
mPVAT (Fig. 1C) was variable but the protein and mRNA

results from later studies (Fig. 3, E and F) indicate that the
ASO is working and effective in the mPVAT at 25 mg/kg.
Circulating chemerin protein (Fig. 1D) was also measured in
this dosing study with complete knockdown of chemerin at the
25 mg/kg dose and levels rising to 6.0% 6 1.5% and 10.3% 6
2.7% in the 12.5- and 6.25-mg/kg doses, respectively. Thus,
25 mg/kg was used as the dose of the chemerin ASO in vivo.
The goal of dosing the GalNAc chemerin ASO was to

accomplish the complete knockdown of the liver as seen in
the Gen 2.5 chemerin ASO, at the same time maintaining
chemerin expression in the fat pads. GalNAc-tagged ASOs
have an increased liver potency of 10- to 30-fold (Prakash
et al., 2016). On the basis of this information, preliminary
activity studies, and the studies we will share in Fig. 3, a dose
of 10 mg/kg was used and proven effective.
Minimal Off-Target Effects with a 4-Week Chemerin

ASO Regimen. Using established doses of Gen 2.5 chemerin
ASO and GalNAc chemerin ASO, the effects of chemerin on
physiologic parameters outside of MAP were minimal. There
was no change in final body weight (Fig. 2A) among any of the
treatment groups. In addition, there was no difference in
the total weight of the RP fat (Fig. 2B) or heart (Fig. 2E). The
kidney showed a slight increase compared with GalNAc
chemerin ASO treatment (Fig. 2F), but because there was no
increase compared with control ASO or Gen 2.5 chemerin
ASO, it is not considered physiologically significant with
respect to chemerin. The only differences in organ weight
associated with ASOs that modified chemerin were observed
with liver (Fig. 2C) and spleen (Fig. 2D). Both exhibited
differences between the control groups (PBS and control
ASO) and groups in which chemerin was removed (Gen 2.5
and GalNAc). Spleen weight increased 2.0-fold when treated
against chemerin compared with controls.
Whole-Body Removal of Chemerin Lowers Blood

Pressure. Gen 2.5 chemerin ASO at 25 mg/kg significantly
reduced chemerin mRNA expression in the liver (Fig. 3A), RP
fat (Fig. 3C), and mPVAT (Fig. 3E) down to 0.5%6 0.1%, 3.9%
6 0.4%, and 30.7%6 9.7% of control levels, respectively. More
importantly, this reduction in chemerin mRNA led to a
proportional reduction in chemerin protein expression to
2.7% 6 0.5% in liver (Fig. 3B), 0.8% 6 0.7% in RP fat (Fig. 3D),

Fig. 1. Chemerin mRNAmeasures of liver (A), retroperitoneal (RP) fat (B), and mesenteric perivascular adipose tissue (C) along with plasma chemerin
(D) to determine the optimum dosing scheme for Gen 2.5 chemerin ASO (gray bars) against a scrambled control ASO (black bars). Amount of RNA was
first normalized to total RNA then normalized to an average of all controls, making a percent. Densitometry data were normalized to transferrin. *P ,
0.05; n.s., no statistical significance by One-Way ANOVA with a Sidak Correction. Western blots are representative samples of the included bar graph.
(+) represents the liver positive control separate from all treatments. Arrows indicate the levels of the indicated molecular weights.
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and 6.0%6 1.1% inmPVAT (Fig. 3F). Representative blots are
shown on the left of Fig. 4, and densitometry and normaliza-
tion are shown on the right. Using the Gen 2.5 chemerin ASO,
circulating levels of chemerin were also undetectable (95%
CI 20.02 to 0.24; Fig. 4).
With this systemic loss of chemerin, MAP was reduced to a

nadir of 76 2.1mmHgwithin 48–72 hours after each injection
(Fig. 5A). Among the Gen 2.5 ASO animals, there was no
significant change in heart rate (Fig. 5B) but there was a
reflexive temperature rise with any chemerin ASO treatment
(Gen 2.5 and GalNAc; Fig. 5C).
Removal of Liver Chemerin Alone Does Not Show

the Same Blood-Lowering Effects. In treatment with an
ASO modified to specifically deliver its cargo to the liver
(GalNAc), the 10-mg/kg dosemaintained complete knockdown
of liver chemerin mRNA (Fig. 3A) and protein (Fig. 3B). RP fat
was not significantly affected by GalNAc chemerin ASO either
in mRNA (Fig. 3C) or protein expression (Fig. 3D). Although
chemerin mRNA was modestly reduced in the mPVAT with
GalNAc chemerin ASO (Fig. 3E), its levels were significantly
increased from Gen 2.5 chemerin ASO levels (P 5 0.01).
Likewise, the chemerin protein expression in mPVAT was
not significantly reduced from control (Fig. 3F). Even with
the fat depots expressing higher levels of chemerin, plasma
chemerin levels were still reduced by 90%6 5% by theGalNAc
chemerin ASO (Fig. 4). However, when MAP of the GalNAc
chemerin ASO–treated animals was measured, there was no
significant reduction in MAP (Fig. 5A). As with Gen 2.5 ASO,
rats treated with GalNAc chemerin ASO did not show a
change in heart rate (Fig. 5B) but did show spikes in
temperature with injections (Fig. 5C). A liver-effective dose
of GalNAc chemerin ASO at 10 mg/kg was confirmed by the

knockdown of chemerin from liver and maintenance of chem-
erin expression and protein in the RP fat and mPVAT (Fig. 3).

Discussion
The literature of chemerin promotes twomajor roles for this

molecule. First, chemerin is a chemokine with the ability to
promote chemotaxis of dendritic cells (Zabel et al., 2005),
natural killer cells (Della Chiesa et al., 2005), macrophages
(Wittamer et al., 2003), and T lymphocytes (Samson et al.,
1998). Second, chemerin is an adipokine (Goralski et al., 2007)
with the ability to promote blood vessel formation (Bozaoglu
et al., 2010). This dichotomy seems to be supported by the two
classes of major producers of chemerin: liver and fat. Our goal
was to take the first step toward understanding the role of
chemerin, ultimately in adiposity-associated models of hyper-
tension, by performing these critical studies in the normal rat.
The Liver Provides the Majority of Circulating

Chemerin. When chemerin mRNA expression by the liver
is virtually abolished (Fig. 3, A and B) and adipose tissue
expression remains high (Fig. 3, C–F), the plasma chemerin
levels are drastically reduced (Fig. 4). This not only supports
previous findings that the liver is the primary producer of
chemerin mRNA (Bozaoglu et al., 2007), but is also the first
demonstration that the majority of chemerin protein in the
plasma of the rat is derived from the liver.
The role of the liver in promoting circulating chemerin

levels supports the role of chemerin as a chemokine. Our
understanding of the liver as an organ that regulates immune
responses and inflammation is expanding. The liver is a highly
perfused organ exposed to a variety of toxins and insults
(especially from the gastrointestinal system) and other more

Fig. 2. Final weights of total mass (A), retroperitoneal (RP) fat (B), liver (C), spleen (D), heart (E), and kidney (F) after four injections of PBS, scrambled
control ASO, Gen 2.5 chemerin ASO, or GalNAc chemerin ASO. All individual organs were normalized to their total body weight to give a ratio. *P ,
0.05; n.s., no statistical significance by one-way ANOVA with a Sidak correction.
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must manage healthy inflammation and other more hazard-
ous stimuli (Robinson et al., 2016). The prominent association
of the liver with circulating chemerin uncovered by this study
indicates that chemerin may have a role to play in this
evolving story of the liver as an immunomodulatory organ.
Both the liver and spleen had increased final weights when

treated with both the Gen 2.5 chemerin ASO and GalNAc
chemerin ASO (Fig. 2, C and D). Although ASOs can cause
tissue hypertrophy, the treatments that caused a difference
were those that targeted chemerin mRNA. Because the

control ASO did not cause a spleen enlargement, the hyper-
trophymost probably is a result of the loss of chemerin and not
an off-target effect of the ASO. Future studies will have to
assess the microscopic and histologic changes of these two
organs, but we can reasonably assume that because this
hypertrophy also happened modestly in the liver of the
GalNAc chemerin ASO–treated animal, the hypertrophy is
related to liver function or plasma chemerin levels. The
hypertrophy of the spleen was prominent in these studies
and highlights a possible new role of chemerin in the body.

Fig. 3. Final measurements of chemerin mRNA and protein from liver (A and B), retroperitoneal (RP) fat (C and D), and mesenteric perivascular
adipose tissue (E and F) after four treatments of PBS, Gen 2.5 chemerin ASO, or GalNAc chemerin ASO. Amount of RNA was first normalized to total
RNA then normalized to an average of all controls, making a percent. Densitometry was normalized to total protein. *P , 0.05; **P , 0.01 by one-way
ANOVA with a Sidak correction. Western blots are representative samples of the included bar graph. (+) represents the liver positive control separate
from all treatments. Arrows indicate the levels of the indicated molecular weights.

Fig. 4. Plasma chemerin is reduced after treatment
with both Gen 2.5 chemerin ASO and GalNAc
chemerin ASO. Densitometry was normalized to
the loading control (either transferrin or total pro-
tein) then normalized to their respective PBS control
for comparison between blots. **P, 0.01 by one-way
ANOVA with a Sidak correction. Western blots are
representative samples of the included bar graph.
(+) represents the liver positive control separate
from all treatments. Arrows indicate the levels of the
indicated molecular weights.
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Blood Pressure Is Locally Regulated by Chemerin.
Although the liver may support chemerin as a chemokine and
provide circulating stores of the protein, it is not significantly
involved in blood pressure regulation. On the basis of our
initial hypothesis that the liver and circulating chemerin
levels contribute to blood pressure regulation, we would have
expected a proportional change between plasma chemerin
levels and a lowering of MAP. With the GalNAc chemerin
ASO, MAP remained at control levels (Fig. 5A), whereas
plasma chemerin levels still dropped by 90% (Fig. 4). By
contrast, MAP reduction in the whole-body knockdown of
chemerin (Fig. 5A) demonstrates that chemerin still has a role
to play in blood pressure regulation. This is in accordance with
previous in vitro studies on blood vessel contractility (Watts
et al., 2013; Ferland et al., 2017). A 7-mmHg fall in MAP with
the whole-body chemerin ASO may seem modest, but this
reproducible indication of blood pressure control by chemerin
in a normal SD rat offers promise that continued study will
demonstrate an interaction between chemerin and blood
pressure. Future studies will focus on the effects of chemerin
in hypertensive and obese rat models.
The most reasonable explanation for the reduction in MAP

outside of circulating chemerin levels lies with the adipose

tissue. First, chemerin is an adipokine. Second, among all
organs in the body, the liver andwhite adipose are the primary
producers of chemerin. Last, fat pads, where chemerin pro-
duction is regulated (RP and mPVAT), are also implicated as
important contributors to the pathology of hypertension. The
MAP with ASO treatment does not seem to be affected by
other cardiovascular factors like reductions in heart rate (Fig.
5B) or cardiac hypertrophy (Fig. 2E).
Themaintenance of body weight across the treatments (Fig.

2A) along with the specific maintenance of RP fat pad weights
(Fig. 2B) supports a conclusion that Gen 2.5 chemerin ASO
given over a 4-week period did affect the adipogenesis of this
adipokine but still affected the secretion of the cells. Although
chemerin secreted by the fat can certainly make its way into
the circulation, the proportional loss in plasma chemerin
protein andMAP between Gen 2.5 chemerin ASO and GalNAc
chemerin ASO (Figs. 4 and 5) does not match. As such, the
output of these adipocytes may also have a paracrine-like
effect on the vascular beds they surround and protect.
Limitations. The ASO technology was necessary and in-

valuable for its ability to help us manipulate chemerin protein
expression in vivo. However, there are currently no known
ways to specifically target an ASO to adipocytes. As a result,

Fig. 5. Mean arterial blood pressure (A), heart rate (B), and temperature (C) collected by radiotelemetry during a 5-day baseline and 20-day treatment
with four injections on days 0, 7, 14, and 19 (dotted lines). *P , 0.05 by two-way ANOVA with Sidak correction comparing the entire datasets. Baseline
measures for heart rates: PBS control, 383 6 7 beats/min; control ASO, 389 6 7 beats/min; Gen 2.5 chemerin ASO, 379 6 8 beats/min; and GalNAc
chemerin ASO, 362 6 9 beats/min. The baseline period (days –4 to –1) is not shown because it was used to calculate the subsequent values.

Antisense Oligonucleotide for Chemerin and Blood Pressure 217

 at A
SPE

T
 Journals on M

arch 20, 2024
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


we can drawdirect conclusions about the function of the liver and
chemerin but only inferences about the role of fat. This study can
only conclude that the loss in MAP is the result of chemerin
production in sites outside the liver. However, this study
provides (indirect) support for the role of chemerin and fat in
regulation of blood pressure. Future in vivo studies will have to
approach this association directly, but the technology to do so
does not currently exist.
Whereas chemerin mRNA expression in the RP fat (Fig. 1B)

was reduced to 67% 6 3% with 25 mg/kg control ASO and
chemerin protein seemed to increase to 141%63% in the plasma
(Fig. 1D) with 25mg/kg control ASO, it is the complete reduction
in chemerin expression that comes with the Gen 2.5 chemerin
ASO at 25mg/kg that is necessary for drawing conclusions about
chemerin and other physiologic measures. Even though these
effects of the control ASO may be of therapeutic concern, we do
not make any claims in this study about the ideal therapeutic
dosing—only the effective dose for chemerin knockdown. The
increase of chemerinmRNAexpressionwith the 25mg/kg dose of
control ASO did not change any other physiologic parameters,
such as MAP, temperature, or heart rate (Fig. 5). As such, the
apparent increase in chemerin mRNA with control ASO is an
acceptable event to accomplish the complete knockdown of
chemerin with the whole-body ASO.
These studies were performed on normotensive, healthy rats.

Future studies will apply this technology and method to models
of hypertension and obesity to observe if these changes in blood
pressure are conserved or exacerbated in these pathologic states.
Although we cannot use the present study to make any direct
conclusions about chemerin in hypertension or obesity, linking
chemerin to blood pressure and suggesting that blood pressure
control is dependent on adipose tissue is an important stepping
stone toward connecting chemerin to pathology.

Conclusions
Understanding the responsibilities of liver and fat in the

biologic mechanisms of chemerin is important for reasons that
are expanding and evolving, but the specific association of
chemerin and blood pressure should focus on the fat. Thanks
to the improving technology of ASOs, we were able to assess
the role of chemerin in vivo in a way that efficiently targeted
specific organs. We demonstrated that chemerin continues to
be important in the world of blood pressure regulation, but the
mechanism by which it accomplishes this regulation may be
unconventional. All signs point toward chemerin having a
local effect on the vasculature through the fat.
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