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Abstract: Hypoxia-induced pulmonary endothelial dysfunction plays critical roles in the 
pathological process of pulmonary arterial hypertension (PAH). Isoliquiritigenin (ISL), a member of 
the flavonoid family, possesses numerous pharmacological properties and has beneficial effects on 
the cardiovascular system. In this study, rat primary pulmonary artery endothelial cells (PAECs) 
were divided into a total 5 groups: normoxia, hypoxia, hypoxia+25μM ISL, hypoxia+50μM ISL, 
and hypoxia+100μM ISL. To determine the effect of ISL on the regulation of hypoxia-induced 
secretion of inflammatory cytokines and vasoactive factors in PAECs, the levels of ET-1, TNF-α 
and IL-6 were measured in cell culture supernatant. In addition, HIF-1α, ET-1, TNF-α, and IL-6 
mRNA levels were also assessed. The results showed that hypoxia increased the levels of ET-1, 
TNF-α and IL-6 in cell culture supernatant and upregulated HIF-1α, ET-1, TNF-α and IL-6 mRNA 
levels in PAECs. However, ISL reduced the levels of ET-1, TNF-α and IL-6 in cell culture 
supernatant and prevented hypoxia-induced HIF-1α, ET-1, TNF-α and IL-6 mRNA induction. Our 
results showed that ISL might have protective effects on hypoxia-induced PAECs dysfunction. 

1. Introduction 
Pulmonary arterial hypertension (PAH) is a progressive and life-threatening disease 

characterized by pulmonary artery structural remodeling, elevated pulmonary artery pressure, and 
right ventricular hypertrophy [1]. These pathophysiological features typically lead to right 
ventricular failure and even death [2]. The pathobiology of PAH is not fully understood and a 
specific treatment has not been found. Therefore, finding novel effective pharmacotherapy for PAH 
is urgent. In the pathogenesis of PAH, factors such as hypoxia that are known to induce and 
exacerbate PAH can target pulmonary artery endothelial cells (PAECs) and induce their dysfunction 
[3]. Hypoxia has significant effects on the regulation of synthesis and secretion of inflammatory 
cytokines and vasoactive factors in PAECs [4]. 

Isoliquiritigenin (ISL), a bioactive ingredient of flavonoids, is extracted from the roots and 
rhizomes of licorice [5]. It has been confirmed that ISL possesses numerous pharmacological 
properties such as anticancer, anti-microbial, antioxidant, and anti-inflammatory activities, as well 
as immunoregulatory, neuroprotective, and cardioprotective effects [6-10]. In the present study, we 
investigated the effects of ISL on the secretion of inflammatory cytokines and vasoactive factors in 
PAECs under hypoxia conditions to explore the potential effects of ISL on PAH. 
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2. Materials and Methods 
2.1 Reagents. 

ISL>99% purity verified by HPLC was purchased from Shanghai Yuanye Biotechnology Co., 
Ltd (Shanghai, China). DMEM, FBS, Trizol reagent, and trypsin solution were from Invitrogen 
(Carlsbad, CA, USA). 

2.2 PAECs Hypoxia. 
Rat primary PAECs were divided into a total 5 groups: normoxia, hypoxia, hypoxia+25μM ISL, 

hypoxia+50μM ISL, and hypoxia+100μM ISL. PAECs were exposed either in 21% oxygen or 3% 
oxygen condition for 24 h. 
2.3 Assay of ET-1, TNF-α and IL-6.  

The levels of endothelin-1 (ET-1), tumor necrosis factor-a (TNF-α) and interleukin-6 (IL-6) in 
cell culture supernatant were measured with ELISA kits (Beyotime Institute of Biotechnology 
Shanghai, China) following the instructions of the manufacturer, and were analyzed with a 
spectrophotometer. 

2.4 Quantitative Real-Time RT-PCR Analysis. 
RNA was extracted from cells by using Trizol agent. Quantitative real-time RT-PCR was 

performed to assess mRNA expression of the following genes. The relative amount of the mRNA 
expression for hypoxia-inducible factor-1α (HIF-1α), TNF-α, IL-6 or ET-1 was represented using 
the 2-ΔΔCT value. The primers for genes were HIF-1α: forward: 
5′-TGAGCTCACATCTTGATAAAGCTTCT-3′, reverse: 
5′-GGGCTTTCAGATAAAAACAGTCCAT-3′; TNF-α: forward: 
5′-CCCTCACACTCAGATCATCTTCT-3′, reverse: 5′-GCTACGACGTGGGCTACAG-3′; IL-6: 
forward: 5′-GACAAAGCCAGAGTCCTTCA-3′, reverse: 5′-ACTAGGTTTGCCGAGTAGAC-3′; 
ET-1: forward: 5′- CTCGCTCTATGTAAGTCATGG-3′, reverse: 5′- 
GCTCCTGCTCCTCCTTGATG-3′; housekeeping gene GAPDH: forward: 
5′-AGGTCGGTGTGAACGGATTTG-3′, reverse: 5′- TGTAGACCATGTAGTTGAGGTCA -3′, 
respectively. 

2.5 Statistical Analyses. 
Results were expressed as means ± S.E.M. Statistical analysis was performed by SPSS (Version 

11.5, SPSS Inc., Chicago, USA). Comparisons between groups were performed using ANOVA with 
a Holms–Sidak post hoc test. Significant difference was accepted at P < 0.05. 

3. Results 
3.1 ISL Reduced Hypoxia-Induced Secretion of ET-1, TNF-α and IL-6 in PAECs. 

To determine the potential effect of ISL on the regulation of hypoxia-induced secretion of 
inflammatory cytokines and vasoactive factors in PAECs, the levels of ET-1, TNF-α and IL-6 were 
measured in cell culture supernatant. Compared with normoxia group, the levels of ET-1, TNF-α 
and IL-6 in the hypoxia group were elevated significantly. ISL administration reduced the levels of 
ET-1, TNF-α and IL-6 in cell culture supernatant. Furthermore, the effect of ISL on PAECs was 
enhanced by increasing ISL concentrations (as shown in Table 1). 

Table 1 The levels of ET-1, TNF-α and IL-6 in cell culture supernatant 

Group ET-1 (pg/mL) TNF-α (pg/mL) IL-6 (pg/mL) 
normoxia 12.78±0.72 87.66±6.75 13.39±0.86 
hypoxia 20.63±1.28* 122.72±10.21* 22.13±1.36* 
hypoxia+25μM ISL 17.68±1.12# 106.69±10.02# 19.51±1.17# 
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hypoxia+50μM ISL 15.34±0.97# 101.76±8.37# 15.98±1.01# 
hypoxia+100μM ISL 14.96±0.86# 96.16±8.78# 15.03±0.98# 

Values are means ± SEM, *P < 0.05 compared with normoxia group. #P < 0.05 compared with 
hypoxia group (n = 3). 

3.2 ISL Attenuated Hypoxia-Induced High Levels of HIF-1α, ET-1, TNF-α, and IL-6 mRNA in 
PAECs. 

To determine whether hypoxia modulates HIF-1α, ET-1, TNF-α, and IL-6 gene expression and 
the potential effects of ISL on HIF-1α, ET-1, TNF-α, and IL-6, we assessed HIF-1α, ET-1, TNF-α, 
and IL-6 mRNA levels (as shown in Table 2). Results confirmed that exposure to hypoxia increased 
the levels of HIF-1α, ET-1, TNF-α, and IL-6 mRNA in PAECs, and treatment with ISL prevented 
hypoxia-mediated HIF-1α, ET-1, TNF-α, and IL-6 mRNA induction. 

Table 2 Relative Expression of HIF-1α, ET-1, TNF-α, and IL-6 mRNA in PAECs 

Group HIF-1α mRNA ET-1 mRNA TNF-α mRNA IL-6 mRNA 
normoxia 1.000±0.000 1.000±0.000 1.000±0.000 1.000±0.000 
hypoxia 1.891±0.230* 3.120±0.438* 2.763±0.469* 3.806±0.504* 
hypoxia+25μM 
ISL 

1.617±0.245# 2.580±0.397# 2.016±0.396# 3.011±0.402# 

hypoxia+50μM 
ISL 

1.324±0.189# 1.826±0.348# 1.735±0.390# 2.172±0.521# 

hypoxia+100μ
M ISL 

1.312±0.143# 1.459±0.382# 1.546±0.248# 2.014±0.361# 

Values are means ± SEM, *P < 0.05 compared with normoxia group. #P < 0.05 compared with 
hypoxia group (n = 3). 

4. Discussion 
Multiple mechanisms promoting the pulmonary vascular remodeling in PAH include pulmonary 

endothelial dysfunction, sustained inflammation, inhibition of cell death, and excessive activation of 
signaling pathways and transcription factors [11]. It has been suggested that hypoxia-induced 
pulmonary endothelial dysfunction may result in the exposure of underlying smooth muscle cells to 
proliferative mediators resulting in their abnormal proliferation [12]. Hypoxia causes PAECs to 
induce a vasoconstrictive environment through increased production of vasoconstrictor factor 
including ET-1 and decreased production of vasodilator factor such as nitric oxide (NO) [4]. ET-1 is 
a potent vasoconstrictor and promoter of pulmonary arterial smooth muscle cells proliferation with 
a crucial role in PAH [13]. It has been demonstrated that the levels of ET-1 are increased in the 
peripheral and pulmonary circulations of patients with PAH [13]. In addition, in vitro studies also 
demonstrate that exposure of PAECs to hypoxia causes the synthesis and secretion of inflammatory 
cytokines such as TNF-α and IL-6 [4]. Patients with PAH and animal models of PAH, increased 
circulating levels of TNF-α and IL-6 are observed. Moreover, the higher levels of TNF-α and IL-6 
are associated with an increased risk of death in PAH patients [14]. It has been suggested that IL-6 
promoted the development and progression of pulmonary vascular remodeling through 
pro-proliferative mechanisms [15]. Hypoxic IL-6 deficient mice showed less inflammatory cell 
recruitment in the lungs and reduced pulmonary vascular remodeling [16]. In addition, Rats treated 
with TNF-α blocker showed amelioration in pulmonary hemodynamics and right ventricular 
hypertrophy [17]. In the present study, we found that hypoxia increased the levels of ET-1, TNF-α 
and IL-6 in cell culture supernatant and upregulated ET-1, TNF-α and IL-6 mRNA levels in PAECs. 
However, ISL reduced the levels of ET-1, TNF-α and IL-6 in cell culture supernatant and prevented 
hypoxia-mediated ET-1, TNF-α and IL-6 mRNA induction. 

HIF-1α as a key regulator in the cellular adaptation to hypoxia participates in many pathological 
processes including PAH. Exposure of PAECs to hypoxia causes increased HIF-1α protein levels 
and HIF-1α DNA-binding activity [18]. During the development of PAH, HIF-1α plays a critical by 
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transactivating its target genes, such as ET-1, IL-6, vascular endothelial growth factor (VEGF), 
endothelial and inducible nitric oxide synthase, and erythropoietin [19]. In the present investigation, 
we observed that HIF-1α was up-regulated by hypoxia at the mRNA levels in PAECs. However, ISL 
attenuated the increased expression of HIF-1α mRNA levels caused by hypoxia. 

Our data show that ISL attenuates hypoxia-induced synthesis and secretion of inflammatory 
cytokines and vasoactive factors in PAECs. These findings indicate that ISL might have protective 
effects on hypoxia-induced PAECs dysfunction. 
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