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Bexarotene Exerts Protective Effects
Through Modulation of the Cerebral
Vascular Smooth Muscle Cell Phenotypic
Transformation by Regulating PPARg/
FLAP/LTB4 After Subarachnoid
Hemorrhage in Rats

Zhaosi Zhang1, Guosheng Zhao2, Liu Liu1, Junchi He1,
Rami Darwazeh1, Han Liu1, Hong Chen1, Chao Zhou1,
Zongduo Guo1, and Xiaochuan Sun1

Abstract
Vascular smooth muscle cells (VSMCs) play an important role after a subarachnoid hemorrhage (SAH). The changes in VSMCs
following bexarotene treatment after SAH are unknown. In the present study, neurological impairment, decreased cerebral
cortical blood flow and transformation of cerebral VSMCs from a contractile to a synthetic phenotype were observed after
SAH. Bexarotene reduced neurological impairment, improved cerebral cortical blood flow, inhibited VSMC phenotypic
transformation and suppressed the expression of 5-lipoxygenase-activating protein (FLAP) and leukotriene B4 (LTB4), which
was partly reversed by GW9662, an inhibitor of peroxisome proliferator-activated receptor gamma (PPARg). Mechanistically,
sh-PPARg-mediated phenotypic transformation of VSMCs was partially suppressed by MK886, an antagonist of FLAP.
Therefore, we conclude that bexarotene reduced neurological impairment, improved cerebral cortical blood flow and
inhibited the VSMC phenotypic transformation after SAH, which was achieved by activating PPARg-mediated inhibition of
FLAP/LTB4 in VSMCs

Keywords
Bexarotene, subarachnoid hemorrhage, vascular smooth muscle cells, PPARg, FLAP

Introduction

Subarachnoid hemorrhage (SAH) is frequently a devastating

disease. SAH causes a greater than 50% combined morbidity

and mortality rate. At present, diagnosis and surgical treatment

of SAH has been improving. However, effective therapeutic

interventions are still limited, and clinical outcomes remain

disappointing1. Thus, novel effective therapies for SAH are

urgently required. Recently, Zhang et al. proposed the concept

of the vascular neural network, in which astrocytes, microglia,

endothelial vascular smooth muscle cells (VSMCs) and peri-

cytes participate in cerebrovascular physiology and pathology.

VSMCs play an important role in neurovascular injury after

SAH2. In addition, animal studies revealed that VSMCs trans-

formed from a contractile to a synthetic phenotype after SAH.

Interfering with this phenotypic transformation improves neu-

rological function after SAH3,4. We therefore sought to further

study the pathological and physiological process of VSMC

phenotypic transformation after SAH.

Leukotriene B4 (LTB4) plays an important role in the

phenotypic transformation of VSMCs. LTB4 promotes
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inflammatory cell chemotaxis, increases proinflammatory

cytokine levels, deteriorates vascular permeability, modulates

VSMC phenotypic transformation, and initiates VSMC

migration and proliferation, resulting in blood vessel abnorm-

alities5–7. Mechanistically, the 5-lipoxygenase-activating pro-

tein (FLAP) binds to 5-lipoxygenase(5-LOX) and arachidonic

acid (AA) during leukotriene biosynthesis, facilitating AA

translocation from the extracellular matrix to the nuclear

membrane and promoting LTB4 synthesis8,9. Studies have

shown that abnormal FLAP expression in myeloid cells pro-

moted LTB4-dependent VSMC phenotypic transformation,

intimal migration, and proliferation10. Despite these findings,

the underlying mechanism regulating VSMC phenotypic

transformation in SAH is poorly understood.

Recent studies have observed a correlation between LTB4

and peroxisome proliferator-activated receptor gamma

(PPARg). Sobrado et al. reported that PPARg activation by

rosiglitazone inhibited LTB4 expression in a middle-

cerebral-artery-occlusion model11. Adrian et al. found that

PPARg and LTB4 interact in the pathogenesis of pancreatic

cancer12. Additionally, PPARg was found to regulate the

activation of 5-LOX, participating in tissue repair and anti-

inflammatory processes after stroke13. PPARg, a ligand-

activated transcription factor that influences the expression

of a number of genes, is currently thought to play an impor-

tant role in the resolution of inflammation. Moreover,

PPARg has been found to play an important role in reducing

inflammation and brain injury after SAH14,15. Moreover,

studies have shown that PPARg can inhibit VSMC pheno-

typic transformation16-18. However, the connection between

PPARg and LTB4 in VSMCs after SAH is unclear.

Bexarotene is used clinically to treat refractory cutaneous

T-cell lymphoma19,20. Some studies have reported that bex-

arotene exhibited a protective effect in some diseases of the

central nervous system (CNS) such as amyotrophic lateral

sclerosis21, epilepsy22, and Parkinson’s disease23. In addi-

tion, bexarotene can activate PPARg and binds to specific

DNA sequences called peroxisome proliferator response ele-

ments (PPREs) in target gene promoters. Bexarotene has

been shown to activate PPARg to reduce inflammation and

tissue injury during endotoxemia in rats24. Moreover,

PPARg activation regulates PPREs and other signaling path-

ways that inhibit inflammation and promote protection and

repair in the brain25,26. However, few studies have explored

the role bexarotene plays in SAH.

Therefore, the present study investigated the potentially

protective role of bexarotene after SAH with respect to the

phenotypic transformation of VSMCs mediated by PPARg
and FLAP/LTB4 in cerebral vessels.

Materials and Methods

SAH Model and Experimental Protocol

All animal procedures were approved by the Ethics Com-

mittee of the First Affiliated Hospital of Chongqing Medical

University, China. Briefly, adult male Sprague–Dawley

(SD) rats weighing 300–400 g were chosen for the

experiments. Anesthesia was induced by administering 3%
isoflurane with 67% N2O and 30% O2 until rats

became unresponsive to the tail pinch test; pentobarbital

(50 mg/kg) was then injected peritoneally to maintain

anesthesia. Each group included 12 rats, with a total of

204 rats used. The rats were randomly divided into the fol-

lowing groups in part 1: (1) Sham, (2) SAH 1d, (3) SAH 2d,

(4) SAH 3d, (5) SAH 4d, (6) SAH 5d, and (7) SAH 7d. In the

subsequent experiments, rats were tested for neurological

function three days after SAH and then euthanized to deter-

mine the brain water content and SAH grading, as well as to

perform immunofluorescence, Western blotting, and

enzyme-linked immunosorbent assay (ELISA). The

experimental groups were as follows for part 2: (1)

Sham, (2) SAHþvehicle, (3) SAHþbexarotene, and (4)

SAHþbexaroteneþGW9662. Rats were further divided into

the following groups for part 3: (1) Sham, (2) SAHþsh-

control, (3) SAHþsh-PPARg1, (4) SAHþsh-PPARg2, (5)

SAHþMK886, and (6) SAHþsh-PPARgþMK886.

A 3-0 sharpened monofilament nylon suture was gently

inserted rostrally into the right internal carotid artery from

the external carotid artery until the stump reached the bifur-

cation of the anterior and middle cerebral arteries. The suture

was then advanced an additional 5 mm to perforate the

artery, then immediately withdrawn, and the external carotid

artery was ligated. Sham-operated rats were subjected to all

surgical procedures except the suture puncture27.

Drug Preparation and Administration

Drug preparation and administration were previously

described by Zhong et al.28 Briefly, 20 mg bexarotene (Sell-

eck, Shanghai, China) was dissolved in 5.7 ml dimethyl

sulfoxide (DMSO), and 51.3 ml phosphate-buffered saline

(PBS) was added to the mixture. Similarly, 10 mg GW9662

(Selleck), an inhibitor of PPARg was dissolved in 3.6 ml

DMSO, and PBS (32.4 ml) was added to the mixture. A total

of 10 mg of MK886 (Selleck), an antagonist of FLAP was

dissolved in 2.1 ml DMSO, and 18.9 ml PBS was added to

the mixture. The final concentrations of GW9662, MK886

and bexarotene were the same (1 mM). The solution was

injected intraperitoneally at 5 mg/kg bexarotene, 2 mg/kg

GW9662, and 3 mg/kg MK886 per day after SAH. The

vehicle group solution was prepared in the same manner and

administered in the same volume, same route and same time

course as above. These reagents were used immediately after

SAH and continued to be used once a day until the rats were

euthanized.

Adenoviral Vectors of Short Hairpin RNAs

Adenoviral vectors expressing scrambled (control) or

PPARg short hairpin RNA (shRNA) (sh-PPARg1 and

sh-PPARg2) to silence PPARg transcription were
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constructed by Hanbio (Shanghai, China). The resultant

recombinant vector, pAd-sh-PPARg, was digested with Pac

I and transfected into AD-293 cells to package viral particles

expressing sh-PPARg (Ad-sh-PPARg). The adenovirus was

purified using a gradient-density ultracentrifugation of

cesium chloride and dialyzed in dialysis buffer.

Viral vectors were injected into the lateral cerebral ven-

tricle at a rate of 2 ml/min with 10 ml of 2 mM siRNA per the

manufacturer’s instructions. The vectors were stored at

�80�C until used and then diluted to 1�1010 pfu/ml. A total

of 10 ml of the dilution was injected into each animal. Rats

were placed in a stereotaxic apparatus under pentobarbital

(50 mg/kg) anesthesia, and their rectal temperature was

maintained at 37.5�C using a feedback-controlled heating

pad. A cranial burr hole (1 mm) was drilled into the skull

1.5 mm posterior and 1.0 mm lateral relative to the bregma.

A needle was inserted through the burr hole 3.5 mm below

the horizontal plane of the bregma into the right lateral ven-

tricle 3 days before SAH to obtain maximum amplification.

Neurological Scoring

At 3 days after SAH, an observer blinded to the experimental

groups used a modified Garcia score system to assess sen-

sorimotor functions. The evaluation consisted of six tests

with scores ranging from 3 to 18: spontaneous activity

(0–3), symmetrical movements of four limbs (0–3), out-

stretching of forelimbs (0–3), climbing (1–3), body proprio-

ception (1–3), and response to vibrissal touch (1–3). Lower

scores indicated worse neurological function in the rats. The

data from the pre-stroke tests were defined as the baseline29.

Grading SAH Severity

The SAH grading system was used to blindly evaluate SAH

severity immediately after euthanasia. Briefly, the brain was

removed from the skull, and a photograph of the base of the

brain was divided into six scored sections (0–3) based on the

amount of subarachnoid blood. Each segment had a grade

from 0 to 3 depending on the amount of subarachnoid blood

clotting in the segment as follows: Grade 0: no subarachnoid

blood; Grade 1: minimal subarachnoid blood; Grade 2: mod-

erate blood clotting with recognizable arteries; and Grade 3:

blood clotting obliterating all arteries within the segment.

Under normal conditions, the score was 0 points. The total

score was calculated as the sum of all section scores. Oper-

ated animals received a total score ranging from 0 (no SAH)

to 18 (most severe SAH), and SAH rats with scores of 7 or

less were excluded from the study30.

Brain Water Content

Brain water content was detected using the wet/dry

method29. Briefly, the cerebral hemispheres were removed

from the skull, separately placed into pre-weighed and

labelled glass vials, and weighed to obtain the wet weight.

The vials were subsequently placed in an oven at 105�C for

24 h, and then they were reweighed to obtain the dry weight.

The percentage of brain water content was calculated as

[(wet weight – dry weight)/wet weight] � 100%.

Cerebral Cortical Blood Flow

Cerebral blood flow was determined using laser speckle

flowmetry (GENE&I, Beijing, China) which obtains high-

resolution two-dimensional (2D) images in seconds. Briefly,

rats were anesthetized with pentobarbital (50 mg/kg), and

their skulls were exposed and covered with plastic wrap. A

635-nm semiconductor laser illuminated the region of inter-

est. The lens focus was adjusted until the region of interest

filled the camera’s field of view, which was connected by a

fiberoptic cable to a laser speckle perfusion imaging (LSPI)

instrument head that also contained a black and white

charge-coupled device camera with a close-focus imaging

zoom lens. Cerebral blood flow was measured in the region

of the middle cerebral artery. The exposure time was set at

60 s. The LSPI camera output was fed directly to a live

monitor to continuously record the laser-illuminated tissue.

The intensity was accumulated in a charge-coupled device

camera and transferred to a computer for analysis. High-

resolution digital images were processed using custom LSPI

algorithms to produce quantitative color-coded perfusion

maps of tissue blood flow31.

ELISA

Cerebral vascular tissues around the circle of Willis were

mechanically homogenized in radioimmunoprecipitation

assay (RIPA) lysis buffer (CW2333, CWBIO, Beijing,

China). Lysates were centrifuged at 12,000 rpm for 20 min-

utes at 4�C, and the level of LTB4 in the tissue was measured

using ELISA (MBS762528, MyBioSource, San Diego, CA,

USA). The concentration of LTB4 in the tissue was deter-

mined per the manufacturer’s directions.

Western Blotting

Cerebral vascular tissues around the circle of Willis were

mechanically homogenized in RIPA lysis buffer. A protease

inhibitor cocktail (CW2200, CWBIO, Beijing, China) was

added to inhibit protein degradation. An ultrasonic cell

crusher was used to crack the tissues, and Eppendorf centri-

fuge was used to centrifuge the lysates at 15,300�g (12,000

rpm) for 20 min at 4�C. Protein concentrations were mea-

sured using the BCA Protein Assay Kit (Beyotime, Shang-

hai, China). Samples (50 mg per lane) were separated via 8%
or 12% sodium dodecyl sulfate polyacrylamide gel electro-

phoresis (SDS-PAGE) and electrotransferred to a polyviny-

lidene difluoride membrane (Millipore, Temecula, CA,

USA). The membrane was blocked using 5% bovine serum

albumin for 1 hour at 37�C and incubated overnight at 4�C
with primary antibodies. The following antibodies were
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used: PPARg (A11183, ABclonal, Wuhan, China), a-smooth

muscle actin (a-SMA; ab7817, Abcam, Burlingame, CA,

USA), embryonic smooth muscle myosin heavy chain

(Smemb; 19673-1-AP, Proteintech, Wuhan, China) and

FLAP (OM205402, OmnimAbs, Alhambra, CA, USA).

Glyceraldehyde-3-phosphate dehydrogenase (AB-P-R001,

GAPDH; Goodhere Biotechnology, Hangzhou, China) was

used as an internal reference. The membrane was washed

three times for 5 min in tris-buffered saline (TBS)þTween

20 and incubated with the appropriate horseradish

peroxidase-conjugated secondary antibody (A0208, Beyo-

time, Shanghai, China) for 1 hour at 37�C. Densitometry

analysis was performed using the ChemiDoc detection sys-

tem and Quantity One software (Bio-Rad, Hercules, CA,

USA).

Immunofluorescence

Immunofluorescence was performed as described3. Briefly,

immunofluorescence staining of brain tissues around the cir-

cle of Willis was performed on fixed frozen sections to ana-

lyze the morphometry of the middle cerebral artery (MCA).

A total of 94 rats were anaesthetized 3 days after SAH using

pentobarbital (50 mg/kg) and perfused transcardially with

4% paraformaldehyde (PFA). The cerebrum was removed

and post-fixed in 4% PFA overnight at 4�C. The tissues were

dehydrated with 20% sucrose overnight at 4�C, followed by

30% sucrose overnight at 4�C and embedded in optimal

cutting temperature compound. The tissue was sectioned

(10 mm thickness) using a cryostat (Leica, Wetzlar, Germany)

on glass coverslips for immunostaining. Microwave ovens

were used for antigen retrieval in a citrate solution for 20 min.

Endogenous peroxidase activity was blocked using 3% hydro-

gen peroxide for 15 min and rinsed in PBS. Transverse sec-

tions were incubated in a blocking solution (5% donkey

serum, Solarbio Science and Technology Co., Ltd., Beijing,

China) for 1 h at room temperature (RT). Sections were incu-

bated with primary antibodies overnight at 4�C and secondary

antibodies (1:200, Proteintech, Wuhan, China) for 1 h at RT.

Cell nuclei were stained with 40,6-diamidino-2-phenylindole

(DAPI; Sigma-Aldrich, St. Louis, MO, USA).

Fluorescence images were captured using a fluorescence

microscope system (Leica). The diameter and wall thickness

of the MCA were measured as described previously. Briefly,

three sequential sections (the midpoint of the proximal, mid-

dle and distal) were taken for each vessel, measured, and

averaged. The MCA diameter and wall thickness were mea-

sured using ImageJ software per the manufacturer’s instruc-

tions. Briefly, the inner perimeter of the vessels was

measured by tracing the entire luminal surface of the intima,

and the diameter (d) of the vessels was calculated per the

equivalent perimeter circle (d ¼ measured inner perimeter/

p). The vessel wall thickness was measured as the distance

from the luminal surface of the intima to the outer border of

the media at three points for each artery, and the three mea-

surements were averaged for one score3.

Statistical Analysis

GraphPad Prism 7.0 software was used for statistical analy-

ses. A Chi-square test was used to compare mortality rates

between groups. Behavior scores were found not normally

distributed by a Shapiro–Wilk test. Therefore, the scores

were compared using a Kruskal–Wallis test with Dunn’s

multiple comparison for post hoc, and the data were pre-

sented as a median with interquartile range. Other measure-

ments were normally distributed through the Shapiro–Wilk

test and were analyzed using either one-way or two-way

analysis of variance (ANOVA) and presented as the mean

with standard deviation. Further comparisons of the mea-

surements between groups were performed using Dunnett’s

test. Statistical significance was set at p<0.05.

Results

Cerebral VSMCs Transformed from a Contractile
Phenotype to a Synthetic Phenotype After SAH

Western blotting followed by ANOVA plus post hoc testing

revealed that a-SMA expression was decreased and Smemb

expression was increased in VSMCs, suggesting that

VSMCs changed from contractile to synthetic after SAH

(Fig 1A). The phenotypic transformation of VSMCs were

obvious 3 days after SAH. Moreover, PPARg and FLAP

expression also reached relatively high levels (Fig 1A).

Therefore, we chose the third day as the time point for

observation and intervention in the subsequent experiments.

Immunofluorescence (Fig 1B and C) revealed that PPARg
and FLAP were upgraded in VSMCs after SAH.

Bexarotene Reduced Neurological Impairment and
Relieved the Decreased Cerebral Cortical Blood Flow
via PPARg Activation After SAH

We divided adult male rats into four groups to examine the

protective role of bexarotene after subarachnoid hemorrha-

ging as follows: Sham, SAHþvehicle, SAHþbexarotene,

and SAHþbexaroteneþGW9662 (12 rats per group). We

used modified Garcia scores (Fig 2A) to assess the neurolo-

gical function of SD rats in the four groups 3 days after SAH.

Mortality was assessed after SAH (Fig 2B). We used laser

speckle to measure cerebral cortical blood flow in SD rats in

the four groups (Fig 2C). The subarachnoid hemorrhage

severity was determined using the SAH severity scores (Fig

2D). Brain water content was measured in the four groups

(Fig 2E).

In general, bexarotene improved neurological function,

reduced mortality, decreased SAH severity and reduced

brain edema after SAH. Bexarotene relieved the decreased

cerebral cortical blood flow after SAH. The specific antago-

nist of PPARg, GW9662, partially counteracted these

effects.
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Bexarotene Inhibited VSMC Phenotypic
Transformation by Activating PPARg After SAH

SD rats were divided into four groups to further explore the

protective mechanism of bexarotene after SAH. We per-

formed Western blot assays and found bexarotene increased

the protein level of the contractile phenotypic marker

a-SMA and decreased the synthetic phenotypic marker

Smemb in VSMCs after SAH (Fig 3A). In addition, bexar-

otene increased the expression of PPARg and inhibited the

expression of FLAP and LTB4 (Fig 3A and B). Moreover,

we performed an immunofluorescence assay and discovered

bexarotene reduced VSMC phenotypic transformation from

a contractile phenotype to a synthetic phenotype (Fig 3C)

and ameliorated stenosis and wall thickness of the MCA

after SAH (Fig 3D). Using GW9662 repressed these effects.

The Inhibitory Mechanism of VSMC Phenotypic
Transformation via PPARg Partially Occurred Through
the Suppression of FLAP/LTB4 Expression

We constructed an adenoviral vector to knock down

PPARg in vivo to elucidate the molecular mechanisms

of PPARg-mediated VSMC phenotypic transformation.

We designed two knocked down sequences of PPARg
to ensure high efficacy. Rats were grouped as follows:

Sham, SAHþsh-con, SAHþsh-PPARg1, SAHþsh-

PPARg2, SAHþMK886, and SAHþsh-PPARgþMK886

(12 rats per group). Western blotting confirmed the

effectiveness of shPPARg1 and shPPARg2 (Fig 4A), and

immunofluorescence assays demonstrated that

these shRNA decreased PPARg expression in VSMCs

(Fig 4B). Moreover, no statistically significant differences

were observed between the SAHþsh-PPARg1 and

SAHþsh-PPARg2 groups. Therefore, we chose shPPARg2

in combination with MK886 (specific antagonist of

FLAP) as the SAHþsh-PPARgþMK886 group. Knock-

down of PPARg aggravated the phenotypic transforma-

tion of VSMCs from the contractile to the synthetic

phenotype (Fig 4A), increased LTB4 expression (Fig

4C) and exacerbated the deterioration of the neurological

function (Fig 4D). However, the use of MK-886 partially

reduced these effects. Therefore, we speculated that acti-

vation of PPARg inhibited the expression of FLAP and

LTB4, resulting in the inhibition of the phenotypic trans-

formation of VSMCs after SAH.

Figure 1. VSMC phenotypic transformation from 1 to 7 days after SAH. (A) Representative immunoblots and representative quantitative
analyses of PPARg, a-SMA, Smemb and FLAP (*P<0.05 versus Sham group). (B) Representative image and IF of PPARg (green), a-SMA (red),
and DAPI (blue) in cerebral vascular tissues (scale bar, 20 mm). (C) Representative image and immunofluorescence of FLAP (green), a-SMA
(red), and DAPI (blue) in cerebral vascular tissues (scale bar, 20 mm; n¼12, with 6 used for Western blotting and 6 used for IF).
a-SMA: a-smooth muscle actin; DAPI: 40,6-diamidino-2-phenylindole; FLAP: 5-lipoxygenase-activating protein; IF, immunofluorescence;
PPARg: peroxisome proliferator-activated receptor gamma; SAH: subarachnoid hemorrhage; Smemb: embryonic smooth muscle myosin
heavy chain; VSMC: vascular smooth muscle cell.
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Figure 2. Bexarotene reduces neurological impairment and relieves ischemia after SAH via PPARg activation. (A) Modified Garcia scores.
(B) Mortality. (C) Representative images of cerebral cortical blood flow detected using laser speckle and quantitative analysis of cortical
cerebral blood flow. (D) SAH severity scores. (E) Brain water content in Sham group, SAHþvehicle group, SAHþbexarotene group, and
SAHþbexaroteneþGW9662 group (*p<0.05 versus SAHþvehicle group, #p<0.05 versus SAHþbexarotene group; n¼12, with 12 used for
modified Garcia scoring and SAH severity scoring and cerebral blood flow measurements and 4 used for brain water content). The same rats
were used in Fig 2 and Fig 3 and belonged to experimental part 2.
PPARg: peroxisome proliferator-activated receptor gamma; SAH: subarachnoid hemorrhage.
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Discussion

After SAH, a series of reactions were triggered, including

altered vasoreactivity, microvascular constriction, increased

endothelial inflammation and leukocyte-endothelial interac-

tions, disruption of the blood–brain barrier, increased

microthrombi and pathological inversion of neurovascular

coupling32. These pathophysiological changes in the CNS

interfere with the autoregulation of cerebral blood flow,

which aggravates cerebral ischemia and hypoxia and causes

neurological impairment33,34. Animal experiments have

Figure 3. Bexarotene inhibits VSMC phenotypic transformation by activating PPARg after SAH. (A) Representative immunoblots and
representative quantitative analysis for a-SMA, Smemb, PPARg and FLAP. (B) The expression of LTB4. (C) Representative immunofluor-
escence staining for the middle cerebral artery of a-SMA (red), Smemb (green), and DAPI (blue; scale bar, 20 mm). (D) Quantitative analysis
of the diameter and the thickness of the MCA in Sham group, SAHþvehicle group, SAHþbexarotene group, and
SAHþbexaroteneþGW9662 group (*p<0.05 versus SAHþvehicle group, #p<0.05 versus SAHþbexarotene group; n¼12, with 4 used for
Western blotting and ELISA and 4 used for IF).
a-SMA: a-smooth muscle actin; DAPI: 40,6-diamidino-2-phenylindole; ELISA: enzyme-linked immunosorbent assay; FLAP: 5-lipoxygenase-
activating protein; IF, immunofluorescence; LTB4: leukotriene B4; PPARg: peroxisome proliferator-activated receptor gamma; SAH: sub-
arachnoid hemorrhage; Smemb: embryonic smooth muscle myosin heavy chain.
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demonstrated that calcium channel blockers reduce cerebral

vasospasms35. The clinical use of calcium channel blockers,

such as nimodipine and fasudil, also reduced the incidence of

cerebral vasospasms and delayed cerebral ischemia; how-

ever, no significant improvement in patient outcomes was

observed36. Therefore, other mechanisms may potentially

Figure 4. PPARg activation inhibits the phenotypic transformation of VSMCs partially by suppressing FLAP/LTB4 expression. (A) Repre-
sentative immunoblots and representative quantitative analyses of a-SMA, Smemb, PPARg and FLAP. (B) Representative IF staining of the
middle cerebral artery for a-SMA (red), PPARg (green), and DAPI (blue). Scale bar, 20 mm. (C) The expression of LTB4. (D) Modified Garcia
scores in Sham, SAHþsh-con, SAHþsh-PPARg1, SAHþsh-PPARg2, SAHþMK-886, and SAHþsh-PPARgþMK-886 groups (*p<0.05 versus
SAHþsi-con group, #p<0.05 versus SAHþsh-PPARg2 group). (D) (n¼12, with 12 used for modified Garcia scores, 6 used for Western
blotting and ELISA and 6 used for IF).
a-SMA: a-smooth muscle actin; DAPI: 40,6-diamidino-2-phenylindole; ELISA: enzyme-linked immunosorbent assay; FLAP: 5-lipoxygenase-
activating protein; IF, immunofluorescence; LTB4: leukotriene B4; PPARg: peroxisome proliferator-activated receptor gamma; SAH: sub-
arachnoid hemorrhage; Smemb: embryonic smooth muscle myosin heavy chain; VSMC: vascular smooth muscle cell.
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affect the perfusion of cerebral blood flow. VSMCs are

known to play important roles in stabilizing vascular tone

and regulating blood flow. The vascular system is damaged

after stroke, and VSMCs protect our brain by promoting the

rescue of ischemic penumbra and preserving the neurovas-

cular unit. This process may be due to arterial smooth muscle

cells with contractile phenotypes, which have the ability to

regulate the balance of cerebral blood flows. VSMCs

enhanced the vasodilatation and vasoconstriction abilities

of arteries, which was accompanied by the recovery of cere-

bral blood flow and neurological function32,37.

VSMCs in normal blood vessels adopt a contractile phe-

notype, wherein they primarily express proteins that regulate

cell contraction, such as a-SMA and smooth muscle myosin

heavy chains (SM-MHCs)38. However, VSMCs retain con-

siderable plasticity and undergo phenotypic transformation

from a contractile to a synthetic phenotype under pathologi-

cal circumstances. VSMCs with a synthetic phenotype exhi-

bit increased proliferation, migration and synthesis of

extracellular matrix components, expressing specific protein

markers, such as Smemb39,40. However, this phenotypic

transformation contributes to the development or progres-

sion of vascular diseases, including atherosclerosis, asthma,

and hypertension41–43.The present study established SAH

models using intravascular puncture. We found that VSMCs

transformed from a contractile phenotype to a synthetic phe-

notype after SAH. The neurological deficits and cerebral

cortical blood flow were also reduced. Therefore, we specu-

lated that the pathophysiological process of VSMC pheno-

typic transformation may be involved in regulating

neurovascular function after SAH. In this study, we per-

formed an external carotid artery endovascular puncture in

SD rats to establish SAH and found the phenotypic transfor-

mation of cerebral VSMCs. In addition, we found PPARg
and FLAP participated in the neurovascular injury process

after SAH.

The United States Food and Drug Administration

approved bexarotene some years ago for the clinical treat-

ment of refractory cutaneous T-cell lymphoma20. However,

bexarotene was not clinically indicated for SAH. Our group

previously found that bexarotene relieved motor deficits and

improved the spatial memory of rats after traumatic brain

injury (TBI)28,44. Moreover, Cramer et al. found bexarotene

improved the neurological function of rats with Alzheimer’s

disease19. Mechanistically, bexarotene activated retinoid X

receptors (RXR), promoted RXR to form heterodimers with

PPARg, causing activation of PPARg. PPARg, also called

NR1C3, is a ligand-modulated transcription factor belonging

to the nuclear hormone receptor superfamily. PPARg is a

therapeutic target for treating type II diabetes45. Studies have

shown that serine/threonine kinase (Bcr) activation inhibited

the transcriptional activity of PPARg, promoted VSMC

inflammation and proliferation, leading to neointimal

response after vascular injury16. In addition, Zhang et al.

demonstrated that rosiglitazone inhibited VSMC transforma-

tion from contractile to synthetic phenotypes and prevented

hypertension-related vascular disorders by activating

PPARg in hypertensive rats17. In addition, Yang et al. found

that rosiglitazone inhibits VSMC phenotypic transformation

by activating PPARg/PKG and reduces neointimal hyperpla-

sia after angioplasty18. The aforementioned studies sug-

gested that PPARg activation can inhibit the phenotypic

transformation of VSMCs. Nevertheless, the effect of bex-

arotene on the PPARg-mediated phenotypic transformation

of VSMCs has not been reported. Therefore, the present

study explored the neurovascular protection of bexarotene

after SAH. Side effects have been reported with the use of

bexarotene, such as reversible hyperlipidemia, pathological

hepatomegaly and significant body weight reduction20. Our

previous experiment demonstrated that bexarotene effec-

tively entered the CNS when injected intraperitoneally at 5

mg/kg per day, with no obvious toxic or adverse effects28.

The present study examined the potentially protective

mechanisms of bexarotene after SAH. We found that the

phenotypic transformation of VSMCs was obvious three

days after SAH. Moreover, PPARg and FLAP levels also

reached a relatively high level at this time. Therefore, we

selected this time point to perform further neurobehavioral

examinations, cerebral cortical blood flow tests, immuno-

fluorescence, Western blotting, and ELISA assays, among

others, to explore the protective mechanism of bexarotene.

We found bexarotene ameliorated the neurological function

deficits, improved cerebral cortical blood flow regulation

and reduced the phenotypic transformation of VSMCs from

a contractile phenotype to a synthetic phenotype. Bexarotene

also reduced mortality, decreased the severity of SAH,

reduced brain edema and ameliorated cerebral ischemia after

SAH. The specific antagonist of PPARg, GW9662, reduced

these effects. To our knowledge, this study is the first to

observe neurovascular protection by bexarotene after SAH.

The current study found that bexarotene activated PPARg
and inhibited the expression of FLAP and LTB4 after SAH.

We expected that FLAP and LTB4 participate in the patho-

physiological process of PPARg-mediated phenotypic trans-

formation of VSMCs. Therefore, we performed mechanistic

experiments to investigate this hypothesis. We performed

PPARg knockdown combined with the use of MK886 in rats.

We concluded that FLAP and LTB4 were involved in

PPARg-mediated VSMC phenotypic transformation using

Western blotting, ELISA, and behavioral tests. Moreover,

we also demonstrated that PPARg inhibited the phenotypic

transformation of VSMCs by inhibiting FLAP and LTB4

after SAH.

Our study had some limitations. We did not perform

experiments on the mechanisms of VSMC phenotypic trans-

formation using bexarotene in vitro. Moreover, RXR may

activate other proteins and transcription factors that we did

not study in this research. In the future, we plan to address

these limitations and further investigate the potential protec-

tive role of bexarotene after SAH.

SAH is a severe disease, and the current available thera-

pies are unsatisfactory. The results of the present study
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suggest that bexarotene is a good candidate for developing

novel promising therapeutics. Future studies should focus on

the profound mechanisms of bexarotene in regulating the

pathological processes of cerebral vascular smooth muscle

after SAH. FLAP/LTB4 should also be investigated to

develop effective therapies after SAH.

Conclusion

Bexarotene inhibits the phenotypic transformation of

VSMCs and improves neurological function and cerebral

cortical blood flow via PPARg after SAH. Bexarotene

achieves this effect by partially inhibiting FLAP/LTB4-depen-

dent phenotypic transformation of VSMCs. VSMC-related

studies will provide novel perspectives for researching SAH

and developing therapeutic strategies to treat SAH.
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Ruiz A, Corbı́ A, Ricote M, Hamilton JA, Sobrado M, Vivan-

cos J, Nombela F, et al. Rosiglitazone-induced CD36

1170 Cell Transplantation 28(9-10)



up-regulation resolves inflammation by PPARgamma and 5-

LO-dependent pathways. J Leukoc Biol. 2014;95(4):587–598.

14. Xie Z, Huang L, Enkhjargal B, Reis C, Wan W, Tang J, Cheng

Y, Zhang JH. Recombinant Netrin-1 binding UNC5B receptor

attenuates neuroinflammation and brain injury via PPAR-

gamma/NFkappaB signaling pathway after subarachnoid

hemorrhage in rats. Brain Behav Immun. 2017;69:190–202.

15. Gu C, Wang Y, Li J, Chen J, Yan F, Wu C, Chen G. Rosigli-

tazone attenuates early brain injury after experimental subar-

achnoid hemorrhage in rats. Brain Res. 2015;1624:199–207.

16. Alexis JD, Wang N, Che W, Lerner-Marmarosh N, Sahni A,

Korshunov VA, Zou Y, Ding B, Yan C, Berk BC, Abe J. Bcr

kinase activation by angiotensin II inhibits peroxisome-

proliferator-activated receptor gamma transcriptional activity

in vascular smooth muscle cells. Circ Res. 2009;104(1):69–78.

17. Zhang L, Xie P, Wang J, Yang Q, Fang C, Zhou S, Li J.

Impaired peroxisome proliferator-activated receptor-gamma

contributes to phenotypic modulation of vascular smooth mus-

cle cells during hypertension. J Biol Chem. 2010;285(18):

13666–13677.

18. Yang HM, Kim BK, Kim JY, Kwon YW, Jin S, Lee JE, Cho

HJ, Lee HY, Kang HJ, Oh BH, Park YB, et al. PPARgamma

modulates vascular smooth muscle cell phenotype via a protein

kinase G-dependent pathway and reduces neointimal hyperpla-

sia after vascular injury. Exp Mol Med. 2013;45:e65.

19. Cramer PE, Cirrito JR, Wesson DW, Lee CY, Karlo JC, Zinn

AE, Casali BT, Restivo JL, Goebel WD, James MJ, Brunden

KR, et al. ApoE-directed therapeutics rapidly clear beta-

amyloid and reverse deficits in AD mouse models. Science.

2012;335(6075):1503–1506.

20. Duvic M, Hymes K, Heald P, Breneman D, Martin AG, Mys-

kowski P, Crowley C, Yocum RC. Bexarotene is effective and

safe for treatment of refractory advanced-stage cutaneous

T-cell lymphoma: multinational phase II-III trial results. J Clin

Oncol. 2001;19(9):2456–2471.

21. Riancho J, Berciano MT, Ruiz-Soto M, Berciano J, Landreth

G, Lafarga M. Retinoids and motor neuron disease: potential

role in amyotrophic lateral sclerosis. J Neurol Sci. 2016;360:

115–120.

22. Bomben V, Holth J, Reed J, Cramer P, Landreth G, Noebels J.

Bexarotene reduces network excitability in models of Alzhei-

mer’s disease and epilepsy. Neurobiol Aging. 2014;35(9):

2091–2095.

23. McFarland K, Spalding TA, Hubbard D, Ma JN, Olsson R,

Burstein ES. Low dose bexarotene treatment rescues dopamine

neurons and restores behavioral function in models of Parkin-

son’s disease. ACS Chem Neurosci. 2013;4(11):1430–1438.

24. Tunctan B, Kucukkavruk SP, Temiz-Resitoglu M, Guden DS,

Sari AN, Sahan-Firat S. Bexarotene, a selective RXRalpha

agonist, reverses hypotension associated with inflammation

and tissue injury in a rat model of septic shock. Inflammation.

2018;41(1):337–355.

25. Cai W, Yang T, Liu H, Han L, Zhang K, Hu X, Zhang X, Yin

KJ, Gao Y, Bennett MVL, Leak RK, et al. Peroxisome

proliferator-activated receptor g (PPARg): a master gatekeeper

in CNS injury and repair. Prog Neurobiol. 2018;163–164:

27–58.

26. Culman J, Zhao Y, Gohlke P, Herdegen T. PPAR-gamma:

therapeutic target for ischemic stroke. Trends Pharmacol Sci.

2007;28(5):244–249.

27. Muroi C, Fujioka M, Marcacher S, Fandino J, Keller E, Iwasaki

K, Mishima K. Mouse model of subarachnoid hemorrhage:

technical note on the filament perforation model. Acta Neuro-

chir Suppl. 2015;120:315–320.

28. Zhong J, Cheng C, Liu H, Huang Z, Wu Y, Teng Z, He J,

Zhang H, Wu J, Cao F, Jiang L, et al. Bexarotene protects

against traumatic brain injury in mice partially through apoli-

poprotein E. Neuroscience. 2017;343:434–448.

29. Teng Z, Jiang L, Hu Q, He Y, Guo Z, Wu Y, Huang Z, Cao F,

Cheng C, Sun X, Guo Z. Peroxisome proliferator-activated

receptor b/d alleviates early brain injury after subarachnoid

hemorrhage in rats. Stroke. 2016;47(1):196–205.

30. Sugawara T, Ayer R, Jadhav V, Zhang JH. A new grading

system evaluating bleeding scale in filament perforation sub-

arachnoid hemorrhage rat model. J Neurosci Methods. 2008;

167(2):327–334.

31. Miller D, Forrester K, Leonard C, Salo P, Bray RC. ACL

deficiency impairs the vasoconstrictive efficacy of neuropep-

tide Y and phenylephrine in articular tissues: A laser speckle

perfusion imaging study. J Appl Physiol. 2005;98(1):

329–333.

32. Tso MK, Macdonald RL. Subarachnoid hemorrhage: a review

of experimental studies on the microcirculation and the neuro-

vascular unit. Transl Stroke Res. 2014;5(2):174–189.

33. Ohkuma H, Suzuki S, Ogane K. Phenotypic modulation of

smooth muscle cells and vascular remodeling in intrapar-

enchymal small cerebral arteries after canine experimental

subarachnoid hemorrhage. Neurosci Lett. 2003;344(3):

193–196.

34. Maddahi A, Povlsen GK, Edvinsson L. Regulation of enhanced

cerebrovascular expression of proinflammatory mediators in

experimental subarachnoid hemorrhage via the mitogen-

activated protein kinase kinase/extracellular signal-regulated

kinase pathway. J Neuroinflamm. 2012;9:274–289.

35. Marbacher S, Neuschmelting V, Graupner T, Jakob SM, Fan-

dino J. Prevention of delayed cerebral vasospasm by continu-

ous intrathecal infusion of glyceroltrinitrate and nimodipine in

the rabbit model in vivo. Intensive Care Med. 2008;34(5):

932–938.

36. Vergouwen MD. Vasospasm versus delayed cerebral ischemia

as an outcome event in clinical trials and observational studies.

Neurocrit Care. 2011;15(2):308–311.

37. Lo EH, Broderick JP, Moskowitz MA. t-PA and proteolysis in

the neurovascular unit. Stroke. 2004;35(2):354–356.

38. Alexander MR, Owens GK. Epigenetic control of smooth mus-

cle cell differentiation and phenotypic switching in vascular

development and disease. Annu Rev Physiol. 2012;74:13–40.

39. Owens GK. Molecular control of vascular smooth muscle cell

differentiation and phenotypic plasticity. Novartis Found

Symp. 2007;283:174–191.

Zhang et al 1171



40. Somlyo AP, Somlyo AV. Ca2þ sensitivity of smooth muscle

and nonmuscle myosin II: Modulated by G proteins, kinases,

and myosin phosphatase. Physiol Rev. 2003;83(4):

1325–1358.

41. Yoshida T, Owens GK. Molecular determinants of vascular

smooth muscle cell diversity. Circ Res. 2005;96(3):280–291.

42. Hao H, Gabbiani G, Bochaton-Piallat ML. Arterial smooth

muscle cell heterogeneity: Implications for atherosclerosis and

restenosis development. Arterioscler Thromb Vasc Biol. 2003;

23(9):1510–1520.

43. Davis-Dusenbery BN, Wu C, Hata A. Micromanaging vascular

smooth muscle cell differentiation and phenotypic modulation.

Arterioscler Thromb Vasc Biol. 2011;31(11):2370–2377.

44. Zhong J, Jiang L, Huang Z, Zhang H, Cheng C, Liu H, He J,

Wu J, Darwazeh R, Wu Y, Sun X. The long non-coding RNA

Neat1 is an important mediator of the therapeutic effect of

bexarotene on traumatic brain injury in mice. Brain Behav

Immun. 2017;65:183–194.

45. Berger J, Moller DE. The mechanisms of action of PPARs.

Annu Rev Med. 2002;53:409–435.

1172 Cell Transplantation 28(9-10)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


