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Abstract

Objective: To investigate the expression of neuropeptides and their receptors that play a role in cardiac homeostasis in the right atrium
of nondiabetic and diabetic patients undergoing coronary artery bypass graft surgery.

Background: The cardioactive neuropeptides and their receptors investigated in this study were Neuropeptide Y (NPY), and its receptors, NPY
Receptor1 (NPY1R), NPY Receptor2 (NPY2R), NPY Receptor5 (NPY5R) and Substance P (SP) and its receptor, Neurokinin 1R (NK1R).
Methods: The gene and protein expression of NPY, NPY1R, NPY2R, NPY5R, SP and NK1R from the atrial tissue of 10 nondiabetic and diabetic
patients undergoing coronary artery bypass grafting (CABG) was assessed by Q-RTPCR, immunohistochemistry, Western blot, and ELISA.
Results: Gene expression of NPY2R, NPY5R, preproTachykinin A (SP gene), and NK1R and their respective protein expression were significantly
reduced whereas that of NPY and NPY 1R were unchanged in the right atrium of diabetic patients compared to nondiabetic patients.
Conclusions: These results demonstrate that the expression of neuropeptides and their receptors in the diabetic heart is significantly
impaired, and may be the link between neuropathy and cardiac complications. Further studies are warranted to delineate pathophysi-
ologic mechanisms associated with dysregulation of the cardiac neuropeptide system and the relationship to cardiac complications in
diabetes. Clin Trans Sci 2011; Volume 4: 346-350
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Introduction

Cardiac complications are a major cause of the excess mortality
of diabetes and are associated with diabetic neuropathy,
microvascular, and macrovascular complications."? The
cardioprotective neuropeptides and their receptors such as Substance
P (SP), its receptor, Neurokinin 1R (NKI1R), Neuropeptide Y
(NPY), and its receptors, NPY Receptor 1 (NPY1R), NPY Receptor
2 (NPY2R), and NPY Receptor 5 (NPY5R) are vasomodulators
present in the peripheral and/or autonomic nervous system that
may influence cardiac function or response to injury.

NPY is 36-amino acid peptide produced by cleavage from
a larger precursor, preproNPY. It is one of the most abundantly
distributed neurotransmitters and vasoconstrictors in the central
and peripheral nervous system. In the heart, the major sources of
NPY are the sympathetic nerve endings.’ In experimental models,
NPY is also known to be released by the parasympathetic neurons
of the intrinsic cardiac ganglia.* Following injury, autonomic
sensory neurons also produce significant amounts of NPY.?
Nonneuronal cells such as endothelial and smooth muscle cells
also produce NPY.%” NPY exerts its action through 6, G-protein
coupled receptors (GPCR) subtypes including NPY1R, NPYR2,
NPY3R, NPY4R, NPY5R, and NPY6R.® NPY and its receptors
NPY1R, NPY2R, and NPY5R appear to be involved in the
pathophysiology of a number of diseases including diabetes, heart
failure, hypertension, peripheral arterial disease, and congestive
feeding disorders.” NPY has vastly differential effects, for example,
when signaling through the combination of NPY2R and NPY5R,
it plays an imperative role in ischemic revascularization and
wound healing.’® Alternatively, when NPY acts through its
NPYI1R and NPY5R receptors the result is cardiac hypertrophy
and vasoconstriction of coronary vessels."

SP, an 11-amino acid peptide functions as a vasodilator and
neurotransmitter and is released from the autonomic sensory
nerve fibers. It signals through Neurokinin 1 receptor (NK1R), a
member of the tachykinin subfamily of GPCR. NK1R is expressed

ona variety of cell types including epithelial cells, endothelial cells,
glial cells, immune cells, and neurons. Experimental and clinical
studies have demonstrated that SP expression is dysregulated in
type 1 and 2 diabetes."? Pertinent to this study, recent reports have
shown that SP enhances the release of nitric oxide, which blunts
the norepinephrine effects thereby preserving heart function.”
Cardiac complications in diabetes associated with
neuropathy,'* may be due to the dysregulation of the neuropeptide
system.” The goal of this study is to investigate the gene and protein
expression of NPY and SP and their receptors NPY1R, NPY2R,
and NPY5R, and NKIR, respectively, in the atrial muscle of
diabetic and nondiabetic patients undergoing CABG surgery.

Materials and Methods

Human subjects and tissue sampling

Atrial tissue samples were collected from 10 consecutive
nondiabetic and diabetic patients undergoing on-pump elective
CABG surgery. All research involving human participants is
approved by the Beth Israel Deaconess Medical Center Institutional
Review Board. A written informed consent was obtained from
the patients and data are analyzed anonymously. At the time of
CABG, tissue flaps are routinely removed to insert the backflow
tube of the bypass and during this cannulation a small piece of
right atrium is routinely excised and discarded and this discarded
tissue was collected for this study. Patient characteristics are
summarized in Table 1. Patients undergoing any valve surgeries
or with cancer were excluded from this study.

Gene expression

Quantitative real-time RT-PCR (qRT-PCR) was used to
determine specific RNA transcripts from atrial muscle samples
as previously described.® For quantitative analysis, target gene
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Diabetes
(n=10)

Nondiabetic

(n=10)

Age (median) 65 (45-77) 68 (53-76)

Diabetes status 0 8 type-2 diabetic
2 type-1 diabetic

% Hemoglobin A1C (median) | 5.4 (5.1-5.9) 8.0 (6.9-8.6)

Hypertension 8 10

Myocardial infarction 1 3

Hyperlipidemia 8 9

Left ventricular ejection 60 (45-75) 51 (30-65)

fraction(median)

Left ventricular hypertrophy 1

Kidney Disease 2

BMI > 30.0 7

Medications

Insulin 0 7

Insulin secretagogue 0 2

Metformin 0 2

Beta blockers 6 4

Calcium channel blockers 0 2

ACE inhibitors 2 3

Diuretics 0 1

HMG-CoA reductase inhibitors 8 9

Table1. Patient characteristics.

levels were normalized to P-actin levels and target and B-actin
gene amplification reactions were performed using Brilliant SYBR
Green QPCR Reagent (Stratagene, La Jolla, CA, USA) in triplicate
for each cDNA sample using 1 uL. cDNA per reaction. Primers were
obtained from Super Array Biosciences, Frederick, MD, USA.

Immunohistochemistry (IHC)

Tissue samples were fixed in formalin and embedded in paraffin.
IHC was performed as described previously® with primary
antibodies for NPY, NPY1R, NPY5R, and NK1R (Abcam,
Cambridge, MA, USA), NPY2R (Imgenex, San Diego, CA, USA)

and SP (Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA).
The IHC staining was quantified by Improvision Volocity (Perkin
Elmer, Waltham, MA, USA) software. Data are presented in the
form of representative pictures along with pixel count analysis.

Western blot

Western blotting was performed using standard techniques
with commercially available primary antibody NK1R (Abcam).
Densitometry was performed using NTH Image J 1.34 with protein
levels corrected to B-Actin (Sigma, St. Louis, MO, USA) levels.
Data are presented in the form of representative pictures of the
blot along with densitometric analysis.

ELISA

For measurements of SP expression in the atrial muscle, an
SP ELISA kit was obtained from (R&D System, Minneapolis,
MN, USA). Manufacturer’s protocol was strictly followed. Data
are represented as fold change over the nondiabetic values in
pg/mL.

Statistics

All quantitative data are expressed as fold change in the expression
in the diabetic tissue compared to the nondiabetic tissue. All
data were analyzed using unpaired t-test on GraphPad Prism
(GraphPad, La Jolla, CA, USA). Data are presented as means +
SD. The value p < 0.05 was considered significant.

Results

Gene expression of preproNPY (NPY gene), preproTachykinin
A (SP gene), and their receptors, NPY1R, NPY2R and NPY5R,
and NKIR respectively:

The gene expression of NPY2R (0.575 = 0.252 vs.
1.526 + 1.41, p < 0.05), NPY5R (0.51 + 0.282 vs. 1.39 + 1.14,
p < 0.05), preproTachykinin A (0.158 + 0.103 vs. 3.631 £ 5.7,
p <0.05), and NKIR (0.248 + 0.211 vs. 3.532 + 5.09, p < 0.05)
was significantly reduced in the diabetic patients compared to
that of the nondiabetic patients. The gene expression of
preproNPY (0.757 + 0.766 vs. 2.01 + 2.48 p > 0.05) and
NPYIR (1.315 + 2.14 vs. 1.544 £ 2.20, p > 0.05) was not different
between diabetic and nondiabetic patients, (Figure 1).

Protein expression of NPY and its receptors, NPY2R and
NPY5R:

As determined by IHC and similar to gene expression, protein
expression of NPY2R (7.08x10* + 7.92 x 10* vs. 1.82 x 10° +

1.33 x 10°, p < 0.05) and NPY5R (2.82 x

Relative Gene Expression
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10° £ 2.59 x 10° vs. 5.67 x 10° +3.87 x 107,
P < 0.05) was significantly reduced whereas
that of NPY (2.73 x 10° + 1.95 x10°vs. 4.12 X
10°£3.05x 10% p>0.05) and NPY1R (1.75 x
10* £ 7.03 x 10° vs. 1.94 x 10* £ 9.25 x 10°,
p > 0.05) was unchanged, in the diabetic
patients compared to that of the nondiabetic
patients (Figures 2A and B).

Protein expression of SP and its receptor
NKI1R: Similar to gene expression, protein
expression of SP (1.96x10°+2.98 x 10°vs. 1.17 X

NPY1R NPY2R

PreproNPY

NPY5R PreproTachykininA NK1R

10° + 1.41 x 10°% p < 0.05) and NKIR (2.42 x

Figure 1. Gene expression of neuropeptides Y (preproNPY) and its receptors, NPY TR, NPY2R, and NPY5R and
Substance P (preproTachykinin A), and its receptor NK1R in human right atrial muscle. Fold change in gene expres-
sion in diabetic patients compared to nondiabetic patients. Data are expressed as mean + SD (N = 10).

10°+1.27 x 10°vs.4.37 x 10°+£ 3.05 x 10°, p <
0.05) as determined by IHC was significantly
reduced in the diabetic patients compared to
that of the nondiabetic patients.
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in diabetic patients compared to nondiabetic

A patients (Figures 3A and B).
NPY  Non-Diabetic

Discussion

This study is focused on comparing the
expression and translation of neuropeptides
and their receptors in atrial muscle biopsies
as related to diabetes status. These results,
for the first time, clearly demonstrate that
both gene and protein expression of SP
(PreproTachykinin A) and its receptor NK1R
and of NPY receptors, NPY2R and NPY5R,
are significantly decreased in the right atrium
of diabetic patients. Although there was a
trend toward a reduction in NPY gene and
protein expression in diabetic patients,
this difference did not achieve statistical
significance. The gene and protein expression
of NPYIR was not different between the
nondiabetic and diabetic patients.

The patient characteristics clearly indicate
that there were no differences in medications
that the diabetic and non-diabetic patients
were prescribed. Although there was no
difference in thelipid profile and hypertension
status, there were more diabetic patients
who had kidney disease than non-diabetic
patients. Another interesting observation of
this study is that the non-diabetic patients
had a higher BMI compared to the diabetic
patients. The left ventricular ejection fraction
was lower in diabetic patients compared
to nondiabetic patients. Although we did
not specifically assess patients for cardiac
autonomic neuropathy (CAN), the reduced
expression of neuropeptides in the diabetic
atrial muscle maybe probably due in part
to diabetic autonomic neuropathy. It has
been shown that the prevalence of CAN is
very high in diabetes and risk increases with
longer duration of diabetes.” This is almost

] Non-Diabetic certainly trut? for SP, which is produced only
1.5%1006 by nerve endings and does not have a known
Il Diabetic non-neuronal source.
N=10 In this study NPY expression is modestly
*P<0.05 reduced, whereas NPY2R and NPY5R
expressions are significantly reduced with
* no change in NPY1R expression in the
right atrium of diabetic patients compared
NPY NPY1R NPY2R NPY5R to nondiabetic patients. The reason for the
unchanged expression in NPY levels between

Figure 2. Protein expression of neuropeptides Y (NPY) and its receptor receptors, NPY1R, NPY2R, and NPY5R diabetic and non-diabetic patients mlght be
in human right atrial muscle. (A) Representative IHC images of NPY, NPY1R, NPY2R, and NPY5R of nondiabetic ~ due to the production of NPY from non-
and diabetic atrial tissue (magnification 20 x). (B) Quantification of NPY, NPY 1R, NPY2R, and NPY5R IHC protein
expression using Volocity software. Data are expressed as mean + SD (N = 10).
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neuronal sources such as the cardiomyocytes.
Therefore, although CAN is associated with
reduction and/or loss of neuronal activation
in diabetes, its effect on NPY neuronal loss

Changes in protein expression of SP when confirmed with ~ could be overridden by the local extra-neuronal production of
ELISA (128 £49.43 pg/mLvs. 355.8 £102.5 pg/mL,p<0.01)and ~ NPY."*'® NPY1R is expressed throughout the atria in humans
of NK1R when confirmed with western blot (NPY (3.69 + 1.89 vs. and in rodents. In rodents, it is the most abundant of the NPY
8.497 £ 1.73, p < 0.01), once again showed a significant decrease ~ receptors whereas its distribution in the human heart is not
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in the human right atrium. Moreover, in this
study only one nondiabetic patient presented
with left ventricular hypertrophy suggesting
that NPY1R did not play a significant role in
the right atria of these patients irrespective
of their diabetic status. When NPY acts via
the NPY2R receptor in concert with NPY5R
receptor, NPY induces angiogenesis and this
mechanism has been shown to be important
for ischemic revascularization and wound
healing. In the atria, NPY2R is expressed
on the intrinsic cardiac NPY producing
neurons where it acts as a prejunctional
inhibitory feed back receptor, inhibiting
norepinephrine release. Thus, although
NPY2R expression is more abundant in the
atria due to the presence of intrinsic neurons,
the feedback mechanism that it exerts can play
an important role in ventricular function.’
Given these mechanisms by which NPY2R
and NPY5R exert a protective effect in the
heart, any change, especially a reduction in
NPY2R and NPY5R expression may alter the
ventricular function.

The expression of SP and its receptor
NKIR is significantly reduced in the atrial
muscle of diabetic patients compared to that

Non-Diabetic Diabetic of nondiabetic patients. Clinically, it has been
shown that serum SP level is significantly
B c [ Non-Diabeti decreased in diabetic patients.” The reduced
2 3%10%- on-Diabetic expression of SP and NK1R in diabetes may be
o g Il Diabetic due to the impairment in the sensory nervous
S‘ 3 21006 system. In the heart, SP is released from the
x T . .
£2 PP=<10005 afferent nerves and diabetic neuropathy
2 x +p<0.01 damages the myocardial sensory afferent
a o 1%1006 * . fib . . . .
5 * ers, leading to the impaired expression
-% S ; ’l‘ == of SP.7 SP preserves heart function via the
Ko 0 release of nitric oxide and this is the only
& sP NK1R C S
known mechanism through which SP affects
the heart.”” During myocardial ischemia,
7 transient receptor potential vanilloid type
§ 750 '§ £ 157 1 leads to the release of SP, which can cause
g’-'; 600 g__g coronary vasodilatation and protect the
S'E.' 4501 o g 107 I heart from injury.*” Thus, any change in SP
c g £ - release and its receptor expression in diabetes
g‘ﬁ 3001 ** g g 54 can result in impaired cardiac response to
« < 150 x 2 ischemia.
@ X E This impaired expression of SP and its

Non-Diabetic Diabetic Non-Diabetic Diabetic

receptor and NPY receptors in diabetes may

resultin impaired ischemic revascularization,"
Figure 3. Protein expression of neuropeptides Y (NPY) and its receptor receptors, NPYTR, NPY2R, and NPY5R impaired contractility,zg and dysregulation in
in human right atrial muscle. (A) Representative IHC images of NPY, NPY1R, NPY2R, and NPY5R of nondiabetic in ki C (PKC e

and diabetic atrial tissue (magnification 20 x). (B) Quantification of NPY, NPY1R, NPY2R, and NPY5R IHC protein protein kKinase ( ) activation.

expression using Volocity software. Data are expressed as mean + SD (N = 10). In summary, the gene and protein

expression of SP, and SP and NPY receptors
are significantly impaired in diabetes,
most probably due to CAN. This study
clear.>” NPY, acting via its NPYIR plays a pathogenic role by  is observational and whether the changes we find are a direct
inducing cardiac hypertrophy and vasoconstriction of coronary ~ cause of the excess cardiac morbidity and mortality of diabetes
vessels.'»?** In this study, NPY1R expression is unchanged in ~ has yet to be determined. This work justifies and encourages
the right atrium of the diabetic patients compared to nondiabetic delineating the relationship between neuropeptide function and
patients and it does not seem to be the dominant of NPY receptors cardiac complications in diabetes.
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