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EglN2 positively regulates mitochondrial function in breast cancer
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ABSTRACT
Oxygen sensing is associated with mitochondrial function. EglN2, which contributes to breast
tumorigenesis as a prolyl hydroxylase, has recently been identified as a transcription co-activator through
interaction with NRF1 and PGC1a to regulate mitochondrial function under conditions of normoxia and
hypoxia. FDXR is the important downstream target gene that mediates this regulation. KEYWORDS

Breast cancer; EglN2; FDXR;
hypoxia; mitochondria

Hypoxia, one of the most important characteristics of the
majority of solid tumors, is associated with metabolic reprog-
ramming.1,2 The prolyl hydroxylases EglN1 (also called PHD2),
EglN2 (PHD1), and EglN3 (PHD3) are important oxygen sen-
sors that are responsible for the hydroxylation of hypoxia
inducible factor a (including HIF1a and HIF2a).3 Hydroxyl-
ated HIFa is further recognized by the von Hippel Lindau
(VHL) E3 ligase complex and targeted for proteasome-medi-
ated degradation. Under hypoxia, EglNs lose their ability to
hydroxylate HIFa, which leads to HIFa stabilization and
dimerization with HIF1b (ARNT). This dimeric complex binds
to target gene promoters that contain the hypoxia response ele-
ment (HRE) and regulates their transcription. Many of these
genes play important roles in cell proliferation, metabolism,
and angiogenesis.3 Therefore, EglNs are well known to regulate
a plethora of transcription cascades by serving as oxygen sen-
sors. However, the functional link between oxygen sensing,
mitochondrial function, and metabolism remains largely
unexplored.

As an estrogen receptor (ER)-inducible gene, EglN2 contrib-
utes to breast tumorigenesis. Our previous work demonstrated
that depletion of EglN2 decreases cell proliferation and breast
tumorigenesis in an orthotopic breast cancer model.4 Mecha-
nistic studies suggest that EglN2 positively regulates cyclin D1
transcription through hydroxylation of FOXO3a in a HIF-inde-
pendent manner.4,5 Our recent research demonstrates that
EglN2 regulates mitochondrial function in ERa-positive breast
cancer.6 Depletion of EglN2, but not EglN1 or EglN3, specifi-
cally leads to decreased mitochondrial function in ERa-positive
breast cancer cells. More strikingly, this regulation is specific
for cancer cells, but does not occur in normal human mam-
mary epithelial cells (HMECs) or murine embryonic fibroblasts
(MEFs). In addition, the effect of EglN2 on mitochondria may
be independent of EglN2 catalytic activity since both wild type
(WT) and the catalytic dead EglN2 H358A mutant can increase
the oxygen consumption rate (OCR) and mitochondrial DNA

(mtDNA) levels in these cells. In accordance with this finding,
we found that EglN2 also regulates mitochondrial function
under hypoxia and, interestingly, with a more robust effect
than under normoxia. Our further experiments suggest that the
effect of EglN2 on mitochondrial function is independent of
HIF1/2a.

How does EglN2 regulate mitochondrial function?

We found that EglN2 localizes in the cytoplasm as well as the
nucleus. More importantly, it is enriched in nuclear and chro-
matin-bound fractions upon exposure to hypoxia. Integrative
analyses of ChIP-Seq and gene expression profiling for EglN2
reveals enrichment of the nuclear respiratory factor 1 (NRF1)
transcriptional factor binding motif in genes that are positively
regulated by EglN2. Consistent with these findings, further
study revealed that binding of EglN2 with NRF1 and PGC1a
takes place on chromatin, with a stronger binding pattern
under hypoxia. Since the interaction between EglN2 and
NRF1/PGC1a and the regulatory activity of EglN2 on mito-
chondrial function are independent of HIF1/2a, the factors
that mediate EglN2 translocation onto the chromatin remain
unclear. Our ongoing studies in this field may identify novel
therapeutic targets that interfere with EglN2 translocation,
therefore inhibiting its transcription activity and decreasing
breast tumorigenesis.

We originally hypothesized that by binding with the
NRF1 and PGC1a complex EglN2 may regulate canonical
NRF1 downstream genes involved in mitochondrial biogene-
sis such as mitochondrial RNA polymerase (POLRMT),
TFAM, TFB1M, and TFB2M.7 However, our results showed
that neither EglN2 nor NRF1 depletion affects the transcrip-
tion of these factors. Instead, we identified several other
mitochondrial-related targets from EglN2 ChIP-Seq and
microarray analyses. Among them, ferredoxin reductase
(FDXR) was the most robustly regulated by both EglN2 and
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NRF1. FDXR is a mitochondrial flavoprotein that regulates
the electron transport from NADPH to cytochrome p450
family members.8 Our experiments demonstrate that FDXR
at least partially regulates the effect of EglN2 on mitochon-
drial function and breast tumorigenesis (Fig. 1). Further-
more, FDXR expression is higher in breast cancer patients
compared with normal individuals and its overexpression
predicts a worse prognosis in ERa-positive breast cancer.
Collectively, these findings show that FDXR regulates mito-
chondrial function and may be a novel therapeutic target in
ERa-positive breast cancer.

EglN2 maintains mitochondrial function under
hypoxia

HIF mediates adaption to hypoxia by upregulating glycolysis
and suppressing mitochondrial function. However, mitochon-
drial function plays a central role as a major resource of ATP
production under hypoxia.9 Our study shows that EglN2 posi-
tively regulates mitochondrial function under hypoxia. There-
fore, we speculate that on one hand, the tumor develops an
adaptive metabolic program under hypoxia by upregulating
HIF and glycolysis while suppressing mitochondrial function.
On the other hand, since mitochondrial function is still an
indispensable ATP production resource under hypoxia, EglN2
serves to maintain mitochondrial function to sustain the basic
need for tumor growth.

In summary, our recent studies demonstrate that EglN2
functions as a transcriptional co-activator to regulate mito-
chondrial function under both normoxia and hypoxia, and
that this function is independent of HIF-1/2a and contributes
to tumorigenesis. However, it remains unclear how EglN2
can bind with DNA besides acting as a prolyl hydroxylase.
Another important unanswered question is the mechanism by
which FDXR controls mitochondrial DNA, mitochondrial
function, and ERa-positive breast tumorigenesis. These

findings implicate the important roles of EglN2 and FDXR in
regulating mitochondrial function, which will provide novel
therapeutic avenues for the development of strategies to control
ERa-positive breast tumorigenesis.
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