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Abstract: The right heart is functionally and structurally different from the left heart; however, potential differences
in Akt signaling and the expression of metabolic genes between the right heart and left heart in different rodents
are still unknown. Using Western blotting and real time quantification polymerase chain reaction, we measured the
levels of total Akt, phosphorylated Akt and its downstream targets as well as metabolism genes including glucose
transporter 1, glucose transporter 4 (GLUT4), peroxisome proliferator-activated receptor o, peroxisome proliferator-
activated receptor y, peroxisome proliferator-activated receptor d, peroxisome proliferator-activated receptor gamma
coactivator 1a (PGC-1a), and pyruvate dehydrogenase lipoamide kinase isozyme 4. We found that phosphorylated
Akt and proline-rich Akt substrate 40 levels were significantly increased in the RV compared with the LV in rats but
only had an increased trend in mice. Correspondingly, GLUT4 was significantly increased in the RV compared with
the LV both in mice and rats. PGC-1a was significantly increased in the RV compared with the LV in mice but only had
an increased trend in rats. Moreover, Akt signaling activity and metabolism genes’ expression in the IVS were similar
to the RV in mice but to the LV in rats. There were some differences in the activity of Akt signaling and in the levels of
metabolism genes among the right ventricle, interventricular septum and left ventricle. Also, the diversity of activity
of Akt and metabolism genes between the right ventricle and left ventricle are different between rats and mice. In
conclusion, the activity of Akt signaling and the levels of metabolism genes are different among the right ventricle,
interventricular septum and left ventricle providing some potential clues for exploring the roles of Akt signaling and
cardiac metabolisms in different parts of the heart. Additionally, the differences in Akt activity and metabolism
genes’ levels between the right and left ventricles are different between mice and rats, to which we should pay at-
tention when using different animal model in heart study.
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Introduction ate more volume-overload than LV. Accordingly,
the RV cannot be understood simply by extrapo-
Limited information related to right heart sug- lating data and experience from the LV [2, 3].
gests that the right ventricle (RV) is an impor-
tant contributor and that further understanding
of these issues is of pivotal importance [1].
There are important differences in develop-

mental origin and postnatal function of left and

Protein kinase B (Akt) is a key molecule in ener-
gy metabolism and has been reported to be
involved in cardiac hypertrophy, remodeling and
cardiomyocyte proliferation in the LV [4, 5]. A
recent study showed that Akt signaling plays a

right ventricles (LV and RV, respectively) [2, 3].
The LV originates from the first heart field pro-
genitor cells whereas the RV from the second
heart field progenitor cells. Functionally, the tol-
erance of the RV for pressure-overload is weak-
er than that of LV. Conversely, the RV can toler-

very important role in the development of the
RV [6]. However, it is still unknown whether
there are differences in Akt activity between
the RV and LV. The relative expression of metab-
olism genes between the RV and LV is also
undefined.
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Table 1. Primer sequences of metabolism genes in rat and mouse

the Care and Use of
Laboratory Animals pub-

Species Primers Forward Reverse ) |
Rat GLUT1 GCTGTGGCTGGCTTCTCTAA  CCGGAAGCGATCTCATCGAA  lished Dby the US National
Rat GLUT4 GGCAATGCCAAATTGCTCCA  GGCACAGTTAAGGTCcceTe  moututes of Health (NIH pub-
lication no. 85-23, revised in
Rat PPARa  GAGTAGCCTGGGCTGCTTTT ~ CTGATCACCAGCAGAGGTCC 1996) and the regulations
Rat PPARy TACCACGGTTGATTTCTC TCTACTTTGATCGCACTTT on mouse welfare and ethics
Rat PPARS CATCCGTTCTCTACCCAGCC  AATTCTGAGCCCGGAGTTGG of Gansu Provincial Hospit-
Rat PGC-1a TGGAGTGACATAGAGTGTGCTG TATGTTCGCGGGCTCATTGT al. All procedures were app-
Rat PDK4 ACAATTCACGGAATGCCCCT — TACTTGGCGTAGAGACGGGA  roved by the Ethics Com-
Mouse GLUT1 GCTGTGCTTATGGGCTTCTC  CACATACATGGGCACAAAGC mittee of Gansu Provincial
Mouse GLUT4 ACTCTTGCCACACAGGCTCT  CCTTGCCCTGTCAGGTATGT Hospital (Lanzhou, China).
Mouse PPARa TGCAAACTTGGACTTGAACG  GATCAGCATCCCGTCTTTGT , )
Mouse PPARy GAGTGTGACGACAAGATTTG  GGTGGGCCAGAATGGCATCT Western blotting analysis
Mouse PPARS TGGAGCTCGATGACAGTGAC  GTACTGGCTGTCAGGGTGGT Heart lysates of mice and
Mouse PGC-1a CACGCAGCCCTATTCA GTCGTACCTGGGCCTA rats were prepared in lysis
Mouse PDK4 CCGCTGTCCATGAAGCA GCAGAAAAGCAAAGGACGTT  puffer (20 mM Tris, 150 mM

Abbreviation: GLUT1, glucose transporter 1; GLUT4, glucose transporter 4; PPAR«,
peroxisome proliferator-activated receptor o; PPARY, peroxisome proliferator-activated
receptor y; PPARJ, peroxisome proliferator-activated receptor d; PGC-1«a, peroxisome
proliferator-activated receptor gamma coactivator 1a«; PDK4, Pyruvate dehydrogenase

lipoamide kinase isozyme.

Rodents are extensively used as human dis-
ease models, including for many types of heart
disease [7]. Therefore, it is important to know
the characteristics of distribution of Akt signal-
ing pathway and metabolism genes’ expression
in RV and LV between rat and mouse.

In the present study, we measured the activity
of Akt signaling and the levels of metabolic
genes in the RV and LV of mice and rats. We
found the Akt activity and metabolism genes’
levels are different between the RV and LV. The
differences themselves differed between mice
and rats.

Materials and methods
Animal model

Male Sprague Dawley rats (200-250 g) fed a
standard diet were anesthetized with sodium
pentobarbital (50 mg/kg) i.p. The hearts were
excised and the RV, interventricular septum
(IVS) and LV were dissected on ice. Male mice
(20-25 g) on a C57BL/6 genetic background
were housed in groups with 12 h dark/light
cycles and free access to food. After anestheti-
zation (sodium pentobarbital 70-80 mg/kg),
the RV, IVS and LV were dissected. All experi-
ments were in accordance with the Guide for
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NaCl, 10% glycerol, 20 mM
glycerophosphate, 1% NP,0,
5 mM EDTA, 0.5 mM EGTA, 1
mM Na,V0,, 0.5 mM PMSF,
1 mM benzamidine, 1 mM
DTT, 50 mM NaF, 4 uM leu-
peptin, pH=8.0). Samples were resolved on
10% SDS-PAGE gels and transferred to PVDF
membranes (Millipore). Membranes were block-
ed with 5% non-fat milk in TBST (50 mM Tris,
150 mM NacCl, 0.5 mM Tween-20, pH=7.5) and
then incubated with primary antibodies over-
night. Antibodies used in this study were pur-
chased from Cell Signaling Technology (CST),
BioWorld: total Akt (CST #4691), phospho-Akt
(Ser308) (CST #4060), phospho-Akt (Thr473)
(CST #13038), phospho-GSK3p (Ser9) (CST
#5558), LC3A/B (CST #12741), PRAS40 (CST
#2691), phospho-PRAS40 (Thr246) (CST
#13175), PTEN (CST #9188), phospho-PTEN
(Ser380) (CST #9551), GAPDH (#AP0063),
Anti-rabbit 1gG, (HRP-linked Antibody) (CST
#7074). Image J software (NIH) was used to
perform densitometric analysis (http://rsb.info.
nih.gov/ij/).

Quantitative real-time PCR for metabolism re-
lated genes and fetal genes

Total RNA was extracted from the LV, IVS and
RV using TRIZOL reagent (Invitrogen), according
to the manufacturer’s protocol. One micro-
gram of total RNA from each specimen was
reverse transcribed to cDNA using SuperScript
Reverse Transcriptase and random hexamers
as primers (Invitrogen). Quantitative real-time
PCR (qRT-PCR) was performed with an ABI
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Figure 1. Akt signaling in LV, RV and IVS in mice. A. Representative Western blot. B-J. Quantifications of A (n=6).
Note: Akt, protein kinase B; PTEN, phosphatase and tensin homolog; GSK3, Glycogen synthase kinase 33; PRAS40,
proline-rich Akt substrate 40 kDa; LC3B, Autophagy marker Light Chain 3B; *P<0.05, versus LV.
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Figure 2. Metabolism genes in LV, RV and IVS in mice (n=6). Note: GLUT1,
glucose transporter 1; GLUT4, glucose transporter 4; PPARq, peroxisome
proliferator-activated receptor «; PPARy, peroxisome proliferator-activated
receptor y; PPARJ, peroxisome proliferator-activated receptor d; PGC-1q,
peroxisome proliferator-activated receptor gamma coactivator 1a; PDK4,
Pyruvate dehydrogenase lipoamide kinase isozyme 4; *P<0.05, **P<0.01,
versus LV.

Stepone plus instrument (App-
lied Biosystems) using 1 x| TaQ
SYBR green Supermix Kit (Bio-
Bad, Reinach, Switzerland) and
300 nmol/l for forward and
reverse primers in a total vol-
ume of 20 pl. The mRNA level
was based on the critical thre-
shold (Ct) value. Primer sequ-
ences for quantitative real-time
PCR were showed in Table 1.
Gapdh was used as internal
control.

Statistics

Results of calculations are pre-
sented as means + SEM.
Differences in means between
two groups were evaluated with
paired two-tailed Student t
tests. All statistics were per-
formed with GraphPad Prism
4.0 software (GraphPad, San
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Figure 3. Akt signaling in LV, RV and IVS in rats. A. Representative Western blot. B-J. Quantifications of A (n=6). Note:
Akt, protein kinase B; PTEN, phosphatase and tensin homolog; GSK3p, Glycogen synthase kinase 3f3; PRAS40,
proline-rich Akt substrate 40 kDa; LC3B, Autophagy marker Light Chain 3B; *P<0.05, **P<0.01, versus LV.

Diego, CA, USA). p values of <0.05 were consid-
ered statistically significant.

Results

Akt activity is slightly stronger in the RV and
IVS than in the LV in mice

Compared with the LV, phosphorylation of Akt
was slightly higher at both sites 473 and 308 in
the RV and IVS (Figure 1A-C). Total Akt had no
significant differences between the LV, RV and
IVS (Figure 1A, 1D). Correspondingly, total
PTEN, an upstream inhibitor of Akt activation,
was slightly lower in the RV and IVS than in the
LV. Phosphorylated PTEN was a little increased
in the IVS but not in the RV compared with the
LV (Figure 1A, 1E, 1F). PRAS40, an indicator of
Akt activity, had an increasing trend in phos-
phorylated form but not in total form in the RV
and IVS compared with the LV (Figure 1A, 1H,
1l). Phosphorylated GSK3pB, another down-
stream target of Akt, had a similar trend as
phosphorylated PRAS40 (Figure 1A, 1G).
Furthermore, LC3B also had an increased trend
in the RV and IVS compared with the LV (Figure
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1A, 1J). Taken together, there is an increasing
trend in Akt signaling indicated by its phosphor-
ylated form and downstreams in the RV and IVS
compared with the LV.

Glucose transporter 4 (GLUT4) and peroxi-
some proliferator-activated receptor gamma
coactivator 1a (PGC-1a) are more highly ex-
pressed in the RV and IVS than in the LV in
mice

Compared with the LV, GLUT4 was significantly
increased in the RV and IVS. The difference in
PGC-1a levels between the RV and LV was a
trend that was not statistically significant, but
the difference between the IVS and LV was sta-
tistically significant. There were no significant
differences in glucose transporter 1 (GLUT1),
peroxisome proliferator-activated receptor «
(PPARa), peroxisome proliferator-activated re-
ceptor y (PPARYy), peroxisome proliferator-acti-
vated receptor d (PPARJ), pyruvate dehydroge-
nase lipoamide kinase isozyme 4 (PDK4)
between the LV, RV and IVS. However, com-
pared with the LV, PPAR«, PPARy, PPARd and
PDK4 had an obvious increasing trend in the RV

Int J Clin Exp Pathol 2015;8(10):12915-12921
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Figure 4. Metabolism genes in LV, RV and IVS in rats (n=5). Note: GLUTZ,
glucose transporter 1; GLUT4, glucose transporter 4; PPARq, peroxisome
proliferator-activated receptor o; PPARYy, peroxisome proliferator-activated
receptor y; PPARJ, peroxisome proliferator-activated receptor d; PGC-

O LW er, Akt activity indicated by its
phosphorylated form and down-
& RV stream targets was significantly
stronger in the RV than in the
. Vs IVS and LV.

Higher expression of metabo-
lism genes in the RV than in the
LV and IVS in rats

Compared with the LV and
IVS, GLUT4 was significantly
increased in the RV. There was a
strong trend towards increased
GLUT1, PPARa, PPARy, PPARY,
PGC-1a and PDK4 in the RV
compared with the LV and IVS.
In a word, there were some dif-
ferences in the expression of
metabolism genes among LV,
RV and IVS (Figure 4).

1a, peroxisome proliferator-activated receptor gamma coactivator 1q;

PDK4, Pyruvate dehydrogenase lipoamide kinase isozyme 4; *P<0.05,

**P<0.01, versus LV, #P<0.05, versus RV.

and IVS (Figure 2). Taken together, several met-
abolic genes including GLUT4 in the RV and IVS
and PGC-1a in the IVS had significantly higher
expression than in the LV.

Akt activity is significantly stronger in the RV
than in the LV and IVS in rats

Compared with the LV, phosphorylation of Akt
was significantly stronger at site 308 but not at
473 inthe RV and IVS (Figure 3A-C). Compared
with LV, total Akt had no significant differences
in the LV, RV and IVS but it was significantly
increased in IVS than in RV (Figure 3A, 3D).
Correspondingly, PRAS40, an indicator of Akt
activity, was significantly increased in phos-
phorylation but not total level in the RV com-
pared with the LV. Compared with RV, phos-
phorylated PRAS40 had a decreasing trend in
the IVS (Figure 3A, 3H, 3l). Also, phosphorylat-
ed GSK3p, another downstream target of Akt,
was significantly increased in the IVS but not in
the RV compared with the LV (Figure 3A, 3G).
However, both phosphorylated PTEN and total
PTEN, upstream of Akt, had no significantly dif-
ferences among the LV, RV and IVS (Figure 3A,
3E, 3F). As in mice, LC3B was a little but not
significantly increased in the RV and IVS com-
pared with the LV (Figure 3A, 3J). Taken togeth-
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Discussion

The RV is very different in

embryonic origin, anatomy and
postnatal physiologic function from the LV. The
IVS has the same embryonic origin as the RV,
but is more functionally similar to the LV [2, 3].
Mounting evidence has shown that Akt signal-
ing plays a vital role in LV remodeling through
effects on energy metabolism [5]. Recently,
altered Akt signaling has been reported to
affect RV development [6]. However, it still
unclear that the differences in Akt signaling
and the expression of metabolism genes
between the LV, RV and IVS in mice and rats.
Here we report that there are differences in Akt
signaling and the expression of metabolism
genes between the LV, RV and IVS in mice and
rats.

Compared with the LV, Akt signaling has an
increased trend but not significantly in the RV
and IVS of mice. However, in rats, Akt signaling
is significantly stronger in the RV but not in the
IVS than the LV. Meanwhile, metabolism genes
including GLUT4 and PGC-1a are consistently
increased in the RV compared with the LV.
Previous studies have shown that the oxygen
demand of the RV is physiologically different
from the LV [8] and that the energy metabolism
of the RV is different from the LV under some
pathological conditions. In view of the fact that
Akt plays a central role in regulating heart

Int J Clin Exp Pathol 2015;8(10):12915-12921
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metabolism by directly or indirectly controlling
GLUT4 [9], GSK-3B [10], and mitochondrial
function [11, 12], it could be reasonable that
increased Akt signaling is responsible for
increased GLUT4 and PGC-1« in the RV com-
pared with the LV. Collectively, the RV relies
more on Akt signaling than LV under physiologi-
cal status which may be related to its physiolog-
ical features [3].

Although both mice and rats are rodents, there
are really some differences in some signaling
molecules including G protein-coupled receptor
78 (GPR78), inositol-requiring enzyme 1 (IRE1),
sterol regulatory element-binding protein 1
(SREBP-1) and sodium-glucose cotransporter-2
(SGLT2) et al. between rats and mice [13-18]. In
this study, we found that the IVS has Akt activity
similar to the LV in rats whereas it is more simi-
lar to the RV in mice. Rats also differed from
mice in the relative levels of several metabo-
lism genes including GLUT4 and PGC-la
between the RV, IVS and LV. One of the possible
reasons leading to these differences is genetic
discrepancy between rats and mice [19, 20].
These findings suggest that we should pay
attention to the diversity of these two species
which are frequently used as an experimental
models in heart study [7].

In conclusion, the present study shows differ-
ences in Akt signaling activity and metabolism
genes levels between the LV, RV and IVS, as
well as between mice and rats. Our findings
may be useful for future heart studies in rodent
models.
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