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HIF-1a Cardioprotection
in COVID-19 Patients
Myocardial injury with sustained cardiac involve-
ment is noted in more than half (58%) of patients and
can be detected months after SARS-CoV-2 infection.1

SARS-CoV-2 infection directly triggers respiratory
illness and frequently leads to both pulmonary and
cardiovascular tissue hypoxia.2 Hypoxia-inducible
factor (HIF)-1a is a master transcriptional regulator
of tissue hypoxia and has been reported to decrease
the expression of angiotensin-converting enzyme 2
(ACE2), which may potentially attenuate SARS-CoV-2
cell entry and lessen the severity of COVID-19. Of
note, decreased pathogenicity of SARS-CoV-2 has
been reported at high-altitude regions, possibly sec-
ondary to reduced ACE2 in lungs of local inhabitants
who are acclimatized to hypoxia.3

In this study, we examined markers of tissue hyp-
oxia in post-mortem samples of 8 patients (age range
39 to 76 years; median age 64 years) with known SARS-
CoV-2 infection. The COVID-19 patients were divided
into 2 groups based on left ventricular ejection fraction
(LVEF). Patients with LVEF >50% were categorized as
“normal LVEF” (range 58% to 63%), and patients with
LVEF <45% as “low LVEF” (range 33% to 43%). Three
non-COVID hearts from donors of noncardiac cause of
death served as control hearts (age range 59 to 79
years, median age 60 years). HIF-1a expression, which
was determined by immunohistochemistry, was
significantly higher in the hearts of patients with
normal LVEF in comparison to the low LVEF group,
whereas scant HIF-1aþ cells were observed in non-
COVID hearts (Figure 1A). HIF1a was immunolo-
calized to CD31þ endothelial cells in both the low and
normal LVEF groups. Notably, all HIF-1aþ cells in the
heart were terminal deoxynucleotidyl transferase
dUTP nick end labeling (TUNEL)-negative (Figure 1A).
These findings suggest, but do not prove, that HIF-1a
up-regulation confers cytoprotective responses in
endothelial cells in the hearts of COVID-19 patients.

In normal LVEF patients, HIF-1a was predomi-
nantly expressed in nonmyocytes, with either nuclear
or perinuclear localization (Figure 1B). By contrast, in
low LVEF patients, HIF-1a accumulated in a speckled
pattern in cardiomyocyte nuclei (Figure 1B). We then
examined nuclear and sarcomeric ultrastructure by
transmission electron microscopy. Similar to non-
COVID control hearts, the nuclear envelope
appeared thick and dense in the normal LVEF hearts
(Figure 1B). In low LVEF hearts, the nuclear envelope
was thinner, without disruption of the lamin mem-
brane. Sarcomeric damage was noted in the low LVEF
heart as evidenced by swollen Z lines, smeared I
bands, contracted sarcomeres, and distorted myofi-
bril arrangements, whereas sarcomere disarray was
not apparent in the normal LVEF group or in the non-
COVID control hearts. Fewer mitochondria were
detected in the hearts of low and normal LVEF groups
of COVID-19 as compared with the hearts of control
subjects. The mitochondria were scattered among
myofibrils, rather than regularly aligned rows, as
noted in control hearts. Additionally, mitochondria in
low LVEF hearts were smaller, with swollen cristae.

We also examined heart sections by coimmuno-
staining with nuclear envelope marker lamin B1 and
HIF-1a. In non-COVID hearts, lamin B1 was continu-
ously expressed in all cells (Figure 1B). In COVID-19
cardiomyocytes that lacked HIF-1a expression, lamin
B1 expression was decreased in normal LVEF hearts,
whereas it was undetectable in low LVEF hearts.
Nuclei of the HIF-1a- myocytes appeared to be
enlarged or irregularly shaped. This observation is in
line with a recent report of loss of nuclear DNA in
SARS-CoV-2–infected induced pluripotent stem cell-
derived cardiomyocytes in vitro.4 Surprisingly,
lamin B1 was found to be preserved in car-
diomyocytes with nuclear HIF-1a accumulation, with
healthy spindle-shaped nuclear morphology. HIF-1a
clustered into speckles when it accumulates in car-
diomyocyte nuclei, a unique distribution pattern of
endogenous HIF-1a, HIF-2a, and HIF-1b previously
seen in immortal cell lines.5 Together, this evidence
supports a protective role of HIF1a in maintaining
DNA stability in cardiomyocytes. Although descrip-
tive, these studies may shed insights into mechanistic
pathways that lead to the development of cardiac
dysfunction in SARS-CoV-2 cardiomyopathy.
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FIGURE 1 HIF-1a Cardioprotection in COVID-19 Patients

(A) Top:HIF-1a expression in COVID-19 left ventricles with low LVEF (<45%), normal LVEF (>50%), and non-COVID control hearts. Percentage of HIF-aþ cells over total

cells counted indicating a clear increase in number of HIF-1aþ cells with higher LVEF. Horizontal bar ¼ median. Plus sign ¼ mean. *P ¼ 0.029 by unpaired t-test,

nonparametric, Kolmogorov-Smirnov. n ¼ 4. Bottom: Coexpression of HIF1a and CD31 showing endothelial cells have increased expression of HIF-1a. HIF-1aþ cells were

TUNEL� in both LVEF groups. There was no difference in the number of TUNELþ cells between the LVEF groups. n ¼ 4. (B) Top left: In normal LVEF hearts, HIF-1a was

primarily expressed in noncardiacmyocytes in the nuclear/perinuclear area. In low LVEF hearts, HIF-1awas expressed exclusively in cardiomyocyte nuclei. n¼4.Bottom

left: Transmission electron microscopy of COVID-19 and non-COVID hearts showing striking differences in nuclear ultrastructure, sarcomere structure/myofibril

arrangement, andmitochondria between the 2 LVEF groups. Due to sample scarcity, representative images are from 1 heart per group (5 to 8 scans per heart).Right: Lamin

B1 in non-COVID hearts shows intact nuclear envelope in healthy cardiomyocytes. Cardiomyocytes with no nuclear HIF-1a display low/undetectable lamin B1 expression,

whereas cardiomyocytes with nuclear HIF-1a exhibiting intact lamin B1 and compact nuclear morphology. 4 of non-COVID control hearts/n ¼ 4 of COVID patients per

LVEF group. A¼ A band; EF¼ ejection fraction; I¼ I band; LVEF¼ left ventricular ejection fraction; M¼mitochondria; N¼ nucleus; TUNEL¼ terminal deoxynucleotidyl

transferase dUTP nick end labeling; Z ¼ Z line.
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