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[ Abstract] Objective To investigate the regulatory function and mechanism of B-hydroxybutyrate (3-OHB), a
ketone body, on the mitochondrial oxidative stress of inflammatory human umbilical vein endothelial cells (HUVECs:).
Methods Lipopolysaccharide (LPS) and adenosine triphosphate (ATP) were used to induce macrophages to release
proinflammatory factors, and the culture supernatant was collected as a macrophage-conditioned medium (MCM) to
culture HUVECs. A total of 7 groups of cells were used in the study: (Dcontrol group, or normal cultured HUVECs;
@MCM group, or the MCM-cultured HUVECs; groups 3 to @ were all HUVECs co-cultured with different reagents,
including @MCM+B-OHB group, @MCM+N-acetylcysteine (NAC) group, ®MCM+B-OHB+NAC group, ®MCM+p-
OHB-+histone deacetylase agonist ITSA1 group, and DMCM+B-OHB-+histone deacetylase inhibitor Entinostat group.
MitoSOX immunofluorescence staining was conducted to analyzes the mitochondrial superoxide levels, real-time
fluorescent quantitative polymerase chain reaction (RT-qPCR) was performed to examine the mRNA expression of
antioxidant genes, and Seahorse mitochondrial energy analyzer was used to measure mitochondrial aerobic respiration
capacity. Results Compared with the control group, mitochondrial superoxide production was significantly increased in
the MCM cultured HUVEC:s cells, while p-OHB treatment significantly inhibited mitochondrial superoxide production,
which was accompanied by an increase in the mRNA expression of antioxidant genes, and significant increase in the basal
mitochondrial oxygen consumption rate and respiratory reserve capacity. NAC treatment did not further enhance the
protective effect of f-OHB on mitochondrial functions. In addition, ITSA1 treatment could completely offset the
antioxidant and mitochondrial protective effects of p-OHB, and these stated effects were still maintained after Entinostat
treatment. Conclusion The ketone body B-OHB attenuates the mitochondrial oxidative stress of vascular endothelial
cells through activating the antioxidant pathway and inhibiting histone deacetylase activity.

[ Key words] Inflammation Oxidative stress Mitochondrial function Human umbilical vein
endothelial cells (HUVECs)
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Table 1 RT-qPCR primer sequence

Gene Primer sequence (5'-3') Product length/bp
FoxO3a  F: AGGACCTGCTCACTTCGGACTC 210

R: CAAGGCTGCTGGACTCACTCAAG
Mt2 F: ATGGATCCCAACTGCTCCTG 124

R: CGACGCCCCTTTGCAGAT
GAPDH F: GAAGGTGAAGGTCGGAGTC 123

R: GAAGATGGTGATGGGATTTC

FoxO3a: Forkhead box O3; Mt2: Metallothionein 2A.

FERGIG, WL a] He ek AR X SR A6 56, P<0.05 25 5
HEi2rm .

2 #R

2.1 [A{EB-OHBIRE P MCMiFESHHUEVCs& KB R
R, MELRNARMTERI)EE
MitoSOXH T e (o 45 5 WoR, 5 %5 B4 A Ee,
MCM 53R HUVECAN 2 RAR LT (5 HG 5, 25T B-
OHBJF 55 (KI1A) o 38 i BpRASE 1t 3 T 9O B e
KB, MCME; 32 I HUVECsAI A 2 b A MitoSOX 5 Y615
S PR 38 (P<0.001), 44T B-OHBJF £ ki ik

MCM+B-OHB group

800
o)
% sk stk
g 600 |+
g —+=
g T
S 400 F o =
=
b
2 200}
o]
=

0
Control MCM MCM+

group  group [-OHB

@ group

[ Control group [] MCM group [[] MCM+NAC group [[] MCM+f3-OHB group [ MCM+NAC+B-OHB group

1
20 AA/Rot

OCR of HUVECs/

([pmol O,-min]~'/10* cells)

t/min

150 ¢
EETS
> kskek koksk
e
§ "; 100 | Hokokok ool
— sk
=T —
s &
& O
8 = 50f
E
Basal respiration Spare respiratory
capacity

B 1 & HHUVECsZH AL A 48 S AL 4 U A0 28 B PP IR T BE U 7€

Fig 1 Exmanimation of mitochondrial superoxide and cellular respiratory function of HUVECsS in each group

A: Representative fluorescent images of the HUVECs stained with MitoSOX red after the indicated treatments; B: The fluorescent intensity of the MitoSOX-stained

HUVEC:s after the indicated treatments (n=4 per group); C: HUVEC:s cell respiration oxygen consumption curve, basic respiration and respiration spare capacity (n=3 per

group). Oligo: Oligomycin A; FCCP: Trifluoromethoxy carbonylcyanide phenylhydrazone; AA/Rot: Antimycin A and rotenone. **P<0.01, ***P<0.001, ****P<0.000 1.
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Fig 2 The mRNA expression levels of antioxidant genes FoxO3a and Mt2
in each group
Control group and MCM group, n=7; other groups, n=8. *P<0.05,
**P<0.01, ¥*¥*P<0.001, ****P<0.000 1.
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Fig 3 Results of mitochondrial superoxide examination and cellular respiratory function measurements of HUVECs in each group

A: Representative fluorescent images of the HUVECs stained with MitoSOX red after indicated treatments; B: The fluorescent intensity of the MitoSOX-stained

HUVEC:s after indicated treatments; C: HUVECs cell respiration oxygen consumption curve, basic respiration and respiration spare capacity . Oligo: Oligomycin A; FCCP:

Trifluoromethoxy carbonylcyanide phenylhydrazone; AA/Rot: Antimycin A and rotenone. Control group, MCM+p-OHB+ITSAlgroup, n=4; other gourps,

n=3. ¥***P<0.001, ****P<0.000 1.
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