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Sirtuin 3 and Uncouplin Protein 2,
the Missing Link Between Genetics,
Metabolism, and Pulmonary Arterial

Hypertension

Annie C. Lajoie “/, MD; Frangois Potus “*/, PhD

pertension, the saga continues. SIRT3 (Sirtuin

3) and UCP2 (uncoupling protein 2) are 2 genes
located in chromosome 11 coding for a major mito-
chondrial deacetylase and a mitochondrial calcium
uniporter facilitating the entry of calcium into the
mitochondria. Almost a decade ago, the Michelakis
group demonstrated that the lack of UCP2 contrib-
utes to mitochondrial dysfunction, metabolic defects,
and a pro-proliferative and antiapoptotic phenotype
of pulmonary arterial hypertension (PAH) pulmo-
nary arterial smooth muscle cells.! Moreover, they
reported that genetically engineered mice lacking
Ucp2 spontaneously developed pulmonary hyper-
tension associated with adverse pulmonary vascular
remodeling and mitochondrial and metabolic dys-
function. In separate work, the same group also un-
covered the critical role of SIRT3 in PAH etiology and
metabolic dysfunction.? They reported that heterozy-
gous and homozygous Sirt3 depleted mice sponta-
neously developed pulmonary vascular lesions and
pulmonary hypertension in a dose-dependent man-
ner. They were also the first to propose that SIRT3
loss of function single nucleotide polymorphism
(SNP rs11246020) was associated with decreased
SIRT3 expression and idiopathic pulmonary arterial
hypertension (IPAH) in humans.
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See Article by Zhang et al.

In this issue of the Journal of the American Heart
Association (JAHA), Zhang and colleagues further
investigate the connection between SIRT3, UCP2
genes, metabolic dysfunction, and PAH.3 In a pro-
spective cohort of 60 patients with PAH (32 with
IPAH and 28 with associated PAH), the authors in-
vestigate the occurrence of SIRT3 (rs11246020) and
UCP2 (rs659366) loss of function SNP. Nearly 70% of
their cohort, irrespective of the PAH subtype, carried
an SNP on at least 1 of the SIRT3 or UCP2 alleles.
Moreover, they report that SIRT3 and UCP2 SNP is
clinically associated with disease severity and pro-
pose SIRT3 (rs11246020) and UCP2 (rs659366) as po-
tential novel biomarkers of PAH severity. Interestingly,
Zhang et al’s findings suggest an additive effect of
the SNP on disease severity, as patients carrying ho-
mozygous or heterozygous SNP in both genes dis-
played worse hemodynamics and event-free survival
compared with patients with a single SIRT3 or UCP2
heterozygous SNP. Whether this observation reflects
an incremental SIRT3/UCP2 loss of function/expres-
sion in patients remains unknown and needs to be
further clarified. Thus, SIRT3 and UCP2 were added
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to the constantly growing list of potential genetic de-
terminants of PAH.4-6

Although the genetic association reported by Zhang
et al needs to be replicated in an independent cohort,
their findings are supported by complementary analy-
ses. They conducted an impressive in vivo study inves-
tigating the development of pulmonary hypertension in
Sirt3/Ucp2 heterozygous (Sirt37~/Ucp2-), Sirt3 ho-
mozygous Ucp?2 heterozygous (Sirt3~-/Ucp2+-), Sirt3
heterozygous Ucp2 homozygous (Sirt3*~/Ucp2"-),
and Sirt3/Ucp2 double homozygous (Sirt3~-/Ucp2~")
knockout mice (KO). They observed that all the mice
exhibited adverse pulmonary vascular lesions and
developed pulmonary hypertension in a gene dose-
dependent manner, with the Sirt3~~/Ucp2/~ mice
being the most affected. Consistently, at the cellular
level, Sirt3~-/Ucp2~- pulmonary arterial smooth mus-
cle cells had more mitochondrial defects and displayed
a greater pro-proliferative/antiapoptosis phenotype.
Thus, using a combination of Sirt3/Ucp2 double KO
mice the authors elegantly demonstrated that mito-
chondrial dysfunction mediated by Sirt3 and Ucp2
depletion contributes to PAH etiology in a gene dose-
dependent manner.

The characterization and the development of a
novel genetically engineered mice model mimick-
ing an advanced stage of human PAH is one of the
main strengths of the study. Indeed, mice models of
the disease traditionally develop mild pulmonary hy-
pertension and harbor few features of severe PAH.
However, the double KO mice (Sirt3~~/Ucp277) in this
study displayed features of right ventricular failure and
plexogenic lesions and had overall increased mortality.
Plexiform lesions, the hallmark feature of severe PAH,
were never observed in mice so far.8 Interestingly, only
the mice carrying the double homozygote Sirt3 and
Ucp2 KO developed these complex lesions, suggest-
ing that the disruption of both Sirt3 and Ucp2 gene
expression is required for the development of plexiform
lesions. Whether impaired SIRT3/UCP2 expression
and mitochondrial dysfunction are observed in human
plexiform lesions is unknown and the exact mechanism
connecting Sirt3/Ucp2 and the formation of plexiform
lesions remains to be pinpointed.

Nevertheless, one must exert caution when trans-
lating these experimental findings to humans. Indeed,
the mutation strategy performed in mice results in the
total abrogation of the Sirt3a and Ucp2 gene expres-
sion. The SIRT3 (rs11246020) and UCP2 (rs659366)
SNP reported in humans does not necessarily lead to
impaired gene expression. SIRT3 (rs11246020) results
in a change of valine to isoleucine at residue 208 of
the SIRT3 polypeptide affecting the enzyme’s cata-
lytic activity.? Experimentally, the SIRT3-V208!| vari-
ant has been associated with a 34% reduction in the
SIRT3 catalytic efficiency. There is no effect of SIRT3
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(rs11246020) on gene expression reported in the lit-
erature. In previous work, Paulin et al showed that
SIRT3 expression is decreased in patients with IPAH
independently of the SIRT3 (rs11246020) SNP.? Both
SIRT3 (rs11246020) (homozygote and heterozygote)
carrier and patients with noncarrier IPAH exhibit a sim-
ilar decreased SIRT3 expression compared with con-
trols. This observation suggests that impaired SIRT3
expression observed in patients with PAH occurs in-
dependently of the rs11246020 SNP. UCP2 (rs659366)
SNP is associated with a -866G>A nucleotide change
in the promoter of the gene.”® The functional conse-
quence of UCP2 (rs659366) SNP on gene expression
remains conflictual in the literature. On one hand, Wang
and colleagues reported that the -866 A allele is as-
sociated with decreased UCP2 expression in adipose
tissue.!" Conversely, rs659366 SNP has also been as-
sociated with increased UCP2 expression in adipose
cells, pancreatic [3-cells, inflammatory cell lines, and
human blood samples.’>='® The differences in effect on
mRNA levels might suggest that other factors, either
independently or in interaction with the -866 variant,
influence the UCP2 mRNA levels. Although the authors
successfully demonstrated the association between
SIRT3 (rs11246020) SNP, UCP2 (rs659366) SNP, and
PAH severity, the contribution of those specific SNPs
to PAH etiology in humans remains to be experimen-
tally investigated.

Other important findings of this work merit discus-
sion and offer potential areas for future research. First,
Zhang et al also reported that a greater proportion of
male patients (77%) carried a SIRT3/UCP2 SNP com-
pared with female patients (64%). If replicated in larger
independent patient cohorts, this observation might
provide some insight on the sexual dimorphism ob-
served in PAH, where women are more affected than
men but have a greater survival.'®

Another exciting observation is the association
between SIRT3, UCP2, and diabetes mellitus in pa-
tients with PAH. In the patient cohort, they observed
that homozygous or heterozygous SNP in both genes
was associated with a 756% increased risk of type 2
diabetes mellitus, whereas heterozygous SNP in
SIRT3 or UCP2 had a 58% risk. In addition to pulmo-
nary hypertension, Sirt3/Ucp2 double homozygous
KO mice (Sirt3~~/Ucp2~-) exhibited marked glucose
intolerance and insulin resistance. This observation
supports clinical data where insulin resistance has
been associated with PAH development and disease
severity."” Interestingly both SIRT3 (rs11246020) and
UCP2 (rs659366) SNPs as well as impaired SIRT3 and
UCP2 gene expression have been widely associated
with diabetes mellitus and metabolic syndrome.%18:19
Metabolic syndrome has been linked with a pleth-
ora of cardiovascular diseases including pulmonary
hypertension.?%?! However, the association between
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SIRT3 and UCP2 SNP and gene expression defi-
ciency with other features of metabolic syndrome
(eg, central obesity and dyslipidemia) in patients with
PAH and Sirt37~/Ucp2”~ mice remains to be ex-
plored. Thus, their observations provide strong ev-
idence of the role of SIRT3 and UCPZ2 in the so-far
unexplained association between insulin resistance
and PAH.

However, some aspects of the relationship be-
tween those genes and PAH remain to be elucidated.
It is unclear whether UCP2 (rs659366) is specific to
PAH or associated with the proinflammatory status of
PAH remains. Indeed, UCP2 (rs659366) has been as-
sociated with the development of numerous chronic
inflammatory diseases such as rheumatoid arthritis,
systemic lupus erythematosus, primary sclerosing
cholangitis, inflammatory bowel diseases, and vascu-
litis.'* Moreover, additional details about the associa-
tion of SIRT3 and UCP2 SNP and PAH subtype are
lacking in the present publication. Former work by the
Michelakis group reported that the association be-
tween SIRT3 (rs11246020) SNP and PAH was limited
to patients with IPAH.? Patients with associated PAH
and healthy controls had the same frequency of SIRT3
(rs11246020) SNP. Furthermore, Michelakis and col-
leagues previously reported that SIRT3 (rs11246020)
and/or UCP2 (rs659366) SNP in one or both alleles
were associated with resistance to dichloroacetate
in patients with IPAH.?> Whether the same resis-
tance to dichloroacetate can be found in the Sirt3~-~/
Ucp2~- mice is unknown and would motivate further
characterization.

In conclusion, the work by Zhang et al provides ad-
ditional striking evidence in favor of the role of SIRT3
and UCP2 in the development of PAH, leveraging yet
again another biomarker for the diagnosis and progno-
sis of the disease. They suggest that SIRT3 and UCP2
SNP have an additive effect on disease severity but
could also explain the sexual dimorphism observed in
PAH, as well as the relationship between PAH and im-
paired glucose metabolism. The Sirt3~~/Ucp2~~ mice
model proposed by this team is a powerful preclinical
model that will, without a doubt, benefit and stimulate
future translational research.
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