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Abstract: Fenretinide is a novel anticancer agent reported to exhibit anti-invasive and antimetastatic 

activities. It has also been shown to improve obesity and diabetes, although the effects of fenretinide 

on hypertension are still unknown, and the detailed mechanisms remain unclear. In this study, we 

have shown that treatment with lipopolysaccharide (LPS) decreased the expression of peroxisome 

proliferator-activated receptor γ (PPARγ) in RAW264.7 macrophages, and pretreatment with fenre-

tinide reversed the effect of LPS on PPARγ expression. In addition, LPS-induced pro-inflammatory 

cytokine production, including tumor necrosis factor-α, interleukin 6, and monocyte chemoattractant 

protein 1 were dose-dependently reversed by fenretinide, and the effects of fenretinide on LPS-

induced pro-inflammatory cytokine production were blocked by treatment with PPARγ antagonist. 

Moreover, fenretinide decreased LPS-induced inducible nitric oxide synthase expression and nitro-

gen oxide production. These effects were blocked by the pretreatment with PPARγ antagonist in a 

dose-dependent manner, indicating fenretinide activated PPARγ to exert anti-inflammation activity. 

In view of the role of inflammation in hypertension and the anti-inflammatory action of fenretin-

ide, we found that administration of fenretinide in spontaneously hypertensive rats significantly 

decreased blood pressure. Taken together, these results indicate that fenretinide might be a potent 

antihypertensive agent that works by suppressing inflammation via activating PPARγ.

Keywords: fenretinide, hypertension, inflammation, macrophage, peroxisome proliferator-activated 

receptor γ

Introduction
All-trans retinoic acid is extensively used for the treatment of acute promyelocytic 

leukemia. However, in order to reduce liver toxicity and any other side effects of the 

treatment, several analogues have been synthesized, such as fenretinide.1 Fenretinide 

induces tumor cell apoptosis by mitochondrial depolarization, caspase-9 activation, and 

caspase-3 activation.2 In addition, fenretinide corrects a phospholipid-bound fatty acid 

imbalance that impacts the phosphorylation of extracellular signal-regulated kinase 

(ERK)1/2 to modulate inflammatory cytokine expression in macrophages.3 A recent 

study also demonstrated that fenretinide prevents obesity and hepatic steatosis in high-fat 

diet-induced obese mice.4 Furthermore, fenretinide ameliorates insulin resistance through 

an increase in the clearance of retinol binding protein-4 in spontaneously hypertensive 

rats (SHR).5 Although the role of fenretinide in the improvement of insulin resistance 
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is known, the effects of fenretinide on blood pressure remain 

unclear.

Peroxisome proliferator-activated receptor gamma 

(PPARγ) is a ligand-activated transcription factor that is 

involved in many functions, such as regulation of vascular 

tone,6,7 inflammation,8 and energy homeostasis.9 Therefore, 

activation of PPARγ has therapeutic effects on hypertension, 

obesity, inflammation, and metabolic diseases.10 In addition, 

PPARγ directly regulates the transcription of pro-inflammatory 

genes to influence the inflammatory responses.11

Although it is known that fenretinide is a ligand for 

PPARγ,12 the role of PPARγ in fenretinide-induced anti-

inflammatory activity remains unknown. In addition, the 

effect of fenretinide on blood pressure is unclear. We thus 

used a PPARγ antagonist, GW9662, to evaluate the role 

of PPARγ in fenretinide-induced anti-inflammatory effect 

on lipopolysaccharide (LPS)-induced pro-inflammatory 

cytokines release. In addition, the antihypertensive effect of 

fenretinide was also evaluated.

Materials and methods
Cell culture
The murine RAW264.7 macrophage cell line was a gift from 

Prof CL Wu (Institute of Basic Medical Sciences, College of 

Medicine, National Cheng Kung University Tainan, Taiwan). 

The cells were maintained in Dulbecco’s Modified Eagle’s 

Medium (Hyclone, Logan, UT, USA) supplemented with 

10% heat-inactivated fetal bovine serum (Hyclone) at 37°C 

in a 5% CO
2
 incubator.

Animals
Eight-week-old Wistar-Kyoto rats (WKY) and SHR (Bio-

LASCO Taiwan Co. Ltd, Taipei, Taiwan) were housed in the 

Animal Center of National Cheng Kung University Medical 

College in a temperature- (25°C±1°C) and humidity-controlled 

(60%±5%) room, kept on a 12:12 light–dark cycle (light on at 

06.00 am), and randomly divided into four groups (n=7–10/

group). WKY and SHR control groups were administered 

normal saline of the same volume of tested drugs. The 

valsartan-treated SHR group was administered 15 mg/kg 

valsartan (Diovan®; Novartis AG, Basel, Switzerland) orally 

twice a day. The fenretinide-treated SHR group was fed 

with standard diet supplemented with 737 μmol/kg diet of 

fenretinide (Taizhou Hikong Chemical Co., Ltd, Zhejiang, 

People’s Republic of China) for 1 week, following our previ-

ous study.5 A noninvasive tail-cuff method with a computer-

assisted detection device was used to measure blood pressure 

in conscious animals (MK-2000; Muromachi, Tokyo, Japan). 

At the end of the experiment, all the rats were sacrificed under 

well-anesthetized conditions. The animal procedures were 

approved by the Institutional Animal Care and Use Committee 

of the National Cheng Kung University, and were performed 

according to the Guide for the Care and Use of Laboratory 

Animals of the National Institute of Health in Taiwan.

Western blot analysis
The cells or the aorta of the rats with different treatments were 

harvested and lysed with a radioimmunoprecipitation assay 

buffer (Abcam, Cambridge, MA, USA) containing protease 

inhibitors (Sigma-Aldrich, St Louis, MO, USA). The protein 

lysates were quantified and analyzed by 10% sodium dode-

cyl sulfate polyacrylamide gel electrophoresis and Western 

blotting. The membrane was probed with 1:1,000 primary 

antibodies, including PPARγ, and inducible nitric oxide syn-

thase (iNOS; Abcam) at 4°C overnight. A 1:5,000 dilution 

of horseradish peroxidase-conjugated secondary antibodies 

was added and incubated on the membrane at room tempera-

ture for 1 hour. The protein bands were visualized using an 

enhanced chemiluminescence kit (PerkinElmer, Waltham, 

MA, USA), and the optical densities were clarified using 

VisionWorks LS software (Upland, CA, USA).

Measurements of the pro-inflammatory 
cytokines and nitrate/nitrite levels
A nitrate/nitrite fluorometric assay kit (Cayman Chemical 

Company, Ann Arbor, MI, USA) was used to measure NO 

concentrations. The levels of pro-inflammatory cytokines 

were determined using commercial enzyme-linked immuno-

sorbent assay kits (BioLegend, San Diego, CA, USA).

Statistical analysis
Student’s t-test or one-way analysis of variance was used to 

test the differences in Western blots, pro-inflammatory cytok-

ines and NO release between control group and LPS-treated 

group, or between LPS-treated group and fenretinide-treated 

groups, using MS Excel version 2007, Taipei, Taiwan and 

SPSS version 18, Chicago, IL, USA. The statistical signifi-

cance was set at P,0.05.

Results
Fenretinide increased the expression of 
PPARγ in RAW264.3 macrophages
Consistent with one previous study,13 treatment with LPS 

dose dependently decreased the expression of PPARγ in 

RAW264.3 macrophages (Figure 1A). Pretreatment with 

fenretinide significantly reversed the effects of LPS on 

PPARγ expression in a dose-dependent manner (Figure 1B). 

Moreover, blockade of PPARγ by GW9662 pretreatment 
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partially inhibited the effects of fenretinide on the LPS-

induced decrease in PPARγ (Figure 1C).

Fenretinide inhibited LPS-induced 
inflammatory mediators through the 
PPARγ pathway
A recent study indicated that fenretinide inhibited the levels 

of inflammatory mediators through the ERK1/2 pathway. 

In addition, activation of PPARγ by agonists exerts an 

anti-inflammatory effect.3 We thus further evaluated the 

role of PPARγ in the fenretinide-induced anti-inflammatory 

effect (Figure 2). As shown in Figure 2A, LPS significantly 

increased the release of pro-inflammatory cytokines, 

including tumor necrosis factor alpha (TNF-α), interleukin 

(IL) 6, and monocyte chemoattractant protein-1 (MCP-1), in 

macrophages. Administration of various doses of fenretinide 

γ

γ

γ

γ

γ

γ

Figure 1 Fenretinide increased the expression of PPARγ in RAW264.3 macrophages.
Notes: (A) RAW264.7 cells were treated with various doses of LPS, as indicated, for 24 hours. (B) Cells were pretreated with the indicated doses of fenretinide for 1 hour, 
and then treated with 1 µg/mL LPS for another 24 hours. (C) Cells were pretreated with GW9662 at the indicated doses for 30 minutes, and 10 µM fenretinide was then 
added to the culture medium for another 30 minutes. LPS (1 µg/mL) was further added to the cells for 24 hours. At the end of the experiments, the cells were harvested and 
lysed for the determination of PPARγ expression. The data are expressed as mean ± SEM and obtained from three individual experiments. *P,0.05; **P,0.01; ***P,0.001 
as compared with the control group. #P,0.05; ##P,0.01; ###P,0.001 as compared with the LPS-treated group.
Abbreviations: FEN, fenretinide; LPS, lipopolysaccharide; PPARγ, peroxisome proliferator-activated receptor gamma; SEM, standard error of the mean; GW, GW9662.

α α α

Figure 2 Fenretinide inhibited LPS-induced inflammatory mediators through PPARγ pathway.
Notes: (A) RAW264.7 cells were treated with various doses of LPS, as indicated, for 24 hours. (B) Cells were pretreated with the indicated doses of fenretinide for 1 hour, 
and then treated with 1 µg/mL LPS for another 24 hours. (C) Cells were pretreated with GW9662 at the indicated doses for 30 minutes, and 10 µM fenretinide was then added 
to the culture medium for another 30 minutes. LPS (1 µg/mL) was further added to the cells for 24 hours. At the end of the experiments, the culture medium was collected 
for the determination of TNF-α, IL-6, and MCP-1 by enzyme-linked immunosorbent assay kits. The data are expressed as mean ± SEM and obtained from three individual 
experiments. *P,0.05; **P,0.01; ***P,0.001 as compared with the control group. #P,0.05; ##P,0.01; ###P,0.001 as compared with the LPS-treated group.
Abbreviations: FEN, fenretinide; LPS, lipopolysaccharide; IL-6, interleukin 6; MCP-1, monocyte chemoattractant protein; PPARγ, peroxisome proliferator-activated 
receptor gamma; TNF-α, tumor necrosis factor alpha; SEM, standard error of the mean; GW, GW9662.
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inhibited LPS-induced release of the pro-inflammatory 

cytokines (Figure 2B). Furthermore, pretreatment with 

GW9662 partially reversed the effects of fenretinide on 

the LPS-induced release of pro-inflammatory cytokines 

(Figure 2C).

Fenretinide inhibited LPS-induced iNOS 
expression and NO production through 
PPARγ pathway
We further examined the effects of fenretinide on the 

expression of iNOS (Figure 3). As shown in Figure 3A, LPS 

significantly increased the expression of iNOS. Administra-

tion of various doses of fenretinide inhibited LPS-induced 

iNOS expression (Figure 3B). Furthermore, pretreatment 

with GW9662 partially reversed the effects of fenretinide 

on LPS-induced iNOS expression (Figure 3C). Following 

the increase in iNOS expression, LPS significantly increased 

the production of NO (Figure 4A). Administration of 

fenretinide dose dependently inhibited LPS-induced NO 

production (Figure  4B). Furthermore, pretreatment with 

GW9662 partially reversed the effects of fenretinide on LPS-

induced NO expression (Figure 4C).

Fenretinide controlled hypertension 
in SHR
In view of the anti-inflammatory effect, and the ability to 

inhibit the iNOS-induced NO production of fenretinide, 

we further evaluated the effects of fenretinide on mean 

and systolic blood pressure in SHR (Figure 5A and B). 

Administration of fenretinide significantly decreased the 

mean and systolic blood pressure of SHR. In addition, the 

antihypertensive activity showed no significant differences 

Figure 3 Fenretinide inhibited LPS-induced iNOS expression PPARγ pathway.
Notes: (A) RAW264.7 cells were treated with various doses of LPS, as indicated, for 24 hours. (B) Cells were pretreated with the indicated doses of fenretinide for 1 hour, 
and then treated with 1 µg/mL LPS for another 24 hours. (C) Cells were pretreated with GW9662 at the indicated doses for 30 minutes, and 10 µM fenretinide was then 
added to the culture medium for another 30 minutes. LPS (1 µg/mL) was further added to the cells for 24 hours. At the end of the experiments, the cells were harvested and 
lysed for the determination of iNOS expression. The data are expressed as mean ± SEM and obtained from three individual experiments. *P,0.05; **P,0.01; ***P,0.001 as 
compared with the control group. #P,0.05; ##P,0.01; ###P,0.001 as compared with the LPS-treated group.
Abbreviations: FEN, fenretinide; iNOS, inducible nitric oxide synthase; LPS, lipopolysaccharide; PPARγ, peroxisome proliferator-activated receptor gamma; SEM, standard 
error of the mean; GW, GW9662.

Figure 4 Fenretinide inhibited LPS-induced NO production through PPARγ pathway.
Notes: (A) RAW264.7 cells were treated with various doses of LPS as indicated for 24 hours. (B) Cells were pretreated with the indicated doses of fenretinide for 1 hour, 
and then treated with 1 µg/mL LPS for another 24 hours. (C) Cells were pretreated with GW9662 at the indicated doses for 30 minutes, and 10 µM fenretinide was then 
added to the culture medium for another 30 minutes. LPS (1 µg/mL) was further added to the cells for 24 hours. At the end of the experiments, the culture medium was 
collected for the determination of NOx. The data are expressed as mean ± SEM and obtained from three individual experiments. *P,0.05; **P,0.01; ***P,0.001 as compared 
with the control group. #P,0.05; ##P,0.01; ###P,0.001 as compared with the LPS-treated group.
Abbreviations: FEN, fenretinide; LPS, lipopolysaccharide; NO, nitrogen oxide; PPARγ, peroxisome proliferator-activated receptor gamma; SEM, standard error of the mean; 
GW, GW9662.
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between valsartan and fenretinide. In order to confirm that 

fenretinide activated PPARγ to regulate blood pressure, we 

tested the expression of PPARγ in the aorta after treatment 

with fenretinide. As shown in Figure 5C, we found that the 

expression of PPARγ was significantly increased in the aorta 

of SHR, compared with the WKY control group. Admin-

istration of fenretinide further enhanced the expression of 

PPARγ in SHR aorta.

Discussion
In the present study, we provide evidence that fenretinide 

activated PPARγ to exert an anti-inflammatory effect. Treat-

ment of macrophages with fenretinide inhibited LPS-induced 

pro-inflammatory cytokines and NO release, and inhibition of 

PPARγ reversed the pro-inflammatory effects of fenretinide, 

indicating that fenretinide exhibited anti-inflammatory 

activity in a PPARγ-dependent manner. In addition, to the 

best of our knowledge, this is the first report that investigated 

the antihypertensive activity of fenretinide, in view of its 

anti-inflammatory activity.

PPARs are ligand-activated transcription factors and key 

modulators for lipid and glucose homeostasis in adipose 

tissues.14 A previous study indicated that fenretinide inhibited 

adipocyte differentiation by blocking CCAAT/enhancer-

binding protein α/PPARγ-mediated induction of downstream 

genes.15 However, Harris et al demonstrated that fenretinide is 

a ligand for PPARγ and functionally activates PPARγ at clini-

cally achievable doses to potentially be used for antidiabetes 

and obesity therapies.12 Fenretinide also prevents hepatic 

steatosis by inducing an increased plasma adiponectin level, 

increased activation of hepatic AMP-activated protein kinase, 

and the expression of PPARα and peroxisomal acyl-CoA oxi-

dase, which promote fat oxidation. However, the mechanisms 

by which fenretinide improves metabolic diseases remain 

obscure in the published literature. In the present study, 

we found a novel pathway by which fenretinide activated 

PPARγ to exert an anti-inflammatory action, in contrast to a 

previous study indicating that fenretinide modulates inflam-

matory cytokine expression in macrophages by correcting a 

phospholipid-bound fatty acid imbalance that impacts the 

phosphorylation of ERK1/2.3

The expression of PPARγ is found in all relevant cells 

of the vasculature.16,17 In numerous studies, PPARγ ligands 

have been found to reduce inflammatory gene expression, 

including TNF-α, and IL-6 in vascular cells, to protect against 

vascular inflammation.18–20 PPARγ has also been detected in 

macrophages of human atherosclerotic lesions,17 and PPARγ 

agonists reduce the secretion of pro-inflammatory cytokines 

in human monocytes and inhibit macrophage activation 

in vitro.21 In our study, we found that fenretinide can inhibit 

the LPS-induced release of pro-inflammatory cytokines, such 

as TNF-α, IL-6, and MCP-1 expression in macrophages, 

which occurs mainly through the activation of PPARγ.

Obesity-induced pro-inflammatory cytokines are released 

in adipose tissue and contribute to the development of insulin 

resistance.22 In addition, chronic inflammation may promote 

hypertension by causing endothelial dysfunction and oxida-

tive stress. The form of NOS expressed in macrophages, 

iNOS, is a high-output enzyme that can produce copious 

amounts of NO.23 Large quantities of NO could combine with 

superoxide to interfere with intracellular signaling by blocking 

the normal cycle of phosphorylation and dephosphorylation.24 

γ

γ

Figure 5 Fenretinide controlled hypertension in SHR.
Notes: The WKY (white bars) and SHR (black bars) control groups were administered normal saline, the valsartan-treated SHR group was orally administered 15 mg/kg 
valsartan twice a day, and the fenretinide-treated SHR group was fed with standard diet supplemented with fenretinide at 737 μmol/kg diet for 1 week (n=8–10 for each group 
of the rats). Mean blood pressure (A) and systolic blood pressure (B) were measured with a noninvasive tail-cuff method in conscious animals using a computer-assisted 
detection device. (C) The expressions of PPARγ in the aorta of each group of the rats were tested by Western blots (n=4 for each group). *P,0.05; **P,0.01; ***P,0.001 
as compared with the indicated groups.
Abbreviations: BP, blood pressure; FEN, fenretinide; PPARγ, peroxisome proliferator-activated receptor gamma; SHR, spontaneously hypertensive rats; WKY, Wistar-Kyoto rats.
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It has been suggested that PPARγ activators can inhibit iNOS 

expression by downregulation of the transcription of iNOS.25 

In the present study, we found that fenretinide can inhibit 

LPS-induced iNOS expression and the excessive production 

of NO, mainly through the activation of PPARγ. With regard 

to the anti-inflammatory action of fenretinide, it also exerted 

an antihypertensive effect in SHR.

There are several factors that are related to the develop-

ment of hypertension, including impaired autonomic func-

tion, kidney diseases, and vascular functional and structural 

alterations. Inflammation is one of the key factors that is 

related to endothelial dysfunction and arterial stiffening.26 

Blockade of inflammation signaling reduces blood pressure 

and the augmented vascular stiffness in SHR.27 In addition, 

administration of anti-inflammatory drugs decreases the 

main signs of vascular damage in hypertension, such as 

increased vessel stiffness and extracellular matrix deposi-

tion, increased vasoconstrictor responses, endothelial dys-

function, and vascular inflammation.28 Anti-inflammation 

is thus also a strategy to treat hypertension. Although Diep 

and Schiffrin found that the expressions of PPARs are 

significantly increased in SHR, they demonstrated that the 

changes in PPARγ expression may play a compensatory role 

in the remodeling of blood vessels in SHR.29 In the present 

study, we found that fenretinide can increase the expression 

of PPARγ to exert an anti-inflammatory activity, and this 

might participate in the antihypertensive effect. On the other 

hand, fenretinide not only increases PPARγ expression but 

also acts as a ligand to increase its activity.12 Furthermore, 

we found that the expression of PPARγ was increased in 

the aorta of SHR, and administration of fenretinide further 

enhanced the expression of PPARγ in the aorta of these rats, 

as shown in Figure 5C. These results are consistent with the 

results of the cell study.

Conclusion
In summary, we found that fenretinide can enhance the 

expression of PPARγ in macrophages, and further inhibit 

LPS-induced proinflammatory cytokine secretion, iNOS 

expression, and NO production. Fenretinide can also 

decrease the systolic pressure of SHR, possibly by activating 

PPARγ. Further investigations are needed to evaluate the 

anti-inflammatory and blood pressure-lowering effects of 

fenretinide in vivo.
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