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Supplemental Methods and Materials 

Part 1: Immunohistochemistry study in human brain material 

Human brain material 

Postmortem brain samples were studied, of 12 patients with mood disorders and 12 

matched control subjects (Table 1). All of the patients included in this study had a 

long-term follow-up and had decennia long a diagnosis of depression (Table S1). All 

patients but one had antidepressant medication during the last month before death 

(Table S1). Furthermore, most of our depression patients died during an episode of 

affective disorder (Table S1). For more detailed information, see Table S1. An 

overview of the medication in the past and in the last month before death for patients 

with mood disorders and control subjects is also given in Table S1. The absence of 

neuropathological changes, both in the patients with mood disorders and in the 

controls, was confirmed by systematic neuropathological investigation (1) by Dr W. 

Kamphorst (Free University Amsterdam, The Netherlands). 

The hypothalami were dissected at autopsy and fixed in 0.1 M phosphate buffered 4% 

w/v formaldehyde (pH 7.2) for 1–2 months. Tissues were dehydrated in graded 

ethanols, embedded in paraffin and serially cut in frontal sections (6 μm) on a Leitz 

microtome and stored at room temperature (RT). Every 100th section was stained 

with thionine (0.1% w/v thionine in acetate buffer, pH 4) in order to localize the PVN 

before immunocytochemical staining. 
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Immunohistochemistry and image acquisition 

For the immunohistochemical staining for RAR-α, the sections from human PVN 

region were incubated with anti-RAR-α-antibody (SC-551, Santa Cruz Biotechnology, 

Santa Cruz, CA, USA). The specificity of this antibody for immunohistochemistry has 

been proved by previous studies (2, 3). We also confirmed the specificity of the 

antibody by western blotting (Figure S1). The sections were deparaffinized in xylene 

and then rehydrated in graded ethanol. Following TBS (0.05 M Tris buffer pH 7.4 

containing 0.15 M NaCl) washes, the sections were treated with microwave (700W) 

in 0.05 M Tris-HCl buffer (pH 9.0) for 2 × 10 min for antigen retrieval and then 

cooled down at RT for 30 min. To permeabilize the tissue and to inhibit endogenous 

peroxidase activity, the sections were incubated with 0.3% H2O2 and 0.5% triton 

X-100 in TBS for 30 min. The sections were then blocked with 5% goat serum in 

TBS with 0.3% triton X-100 (TBST) for 30 min at 37°C. Tissues were incubated with 

a polyclonal rabbit anti-RAR-α (1:100, SC-551, Santa Cruz) in TBST with 5% goat 

serum for 1 h at 37°C and then overnight at 4°C. The next day all sections were 

washed in TBS and exposed to a biotinylated secondary goat anti-rabbit antibody 

(1:200, BA1000, Vector, Burlingame, CA, USA) in TBST with 5% goat serum for 1 h 

at 37°C. Following washes in TBS, sections were incubated in the avidin-biotin 

complex (ABC, 1:200, Vector) in TBST for 1 h. Finally the sections were exposed to 

the substrate, 0.05% 3, 3’-diaminobenzidine tetrachloride (DAB; Sigma, St. Louis, 

MO, USA) and 0.25% nickel sulfate (Sigma) in TBS with 0.03% H2O2 for 5 min. 

After washing with TBS, sections were dehydrated and cleared in increasing 

 2



Chen et al. 

concentrations of ethanol and finally xylene, and coverslipped with neutral balsam 

(Sinopharm Chemical Reagent, Shanghai, China). 

Photographs were collected with a Nikon E800u microscope (Nikon) equipped with a 

Prior scanning stage (Prior Scientific Instruments, Cambridge, United Kingdom) and 

a spot cooled color digital camera (Diagnostic Instruments, Sterling Heights, MI, 

USA).  

 

Immunofluorescence and confocal laser scanning microscopy 

The immunofluorescence staining for CRH and RAR-α was performed on every 

100th section taken along the rostro-caudal axis throughout the PVN region. The 

sections were pretreated as above (rehydrated and antigen retrieved). After washing in 

TBS, sections were incubated for 30 min in 0.5% triton X-100 to permeabilize the 

tissue. Sections were blocked with 5% goat serum in TBST for 30 min at 37°C to 

reduce nonspecific binding, then were incubated for 1 h at 37°C with monoclonal rat 

anti-CRH ‘PFU83’ (1:1000) (4) and polyclonal rabbit anti-RAR α (1:100) diluted in 

TBST with 5% goat serum and then incubated overnight at 4°C. The next day the 

sections were washed and incubated with FITC-labeled goat anti-rabbit antibody 

(1:200, Southern Biotech, Birmingham, AL, USA) and biotinylated anti-rat antibody 

(1:200, Vector) diluted in TBST with 5% goat serum for 1 h at 37°C. After washing, 

the sections were incubated with Cy3-labeled streptavidin (1:500, Kirkegaard and 

Perry Laboratories, Gaithersburg, MD, USA) for 30 min at 37°C. Then the sections 

were washed and coverslipped with glycerin. 
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A confocal laser scanning microscope (LSM 510, Carl Zeiss, Maple Grove, MN, USA) 

was used for the determination of fluorescence. Briefly, the contour of the entire PVN 

field, defined by CRH immunostained cells, was manually outlined at low 

magnification (10x objective) and subsequently all of the fields within the PVN 

region were scanned one by one (from dorsal to ventral and from medial to lateral) 

using the 40x objective. Images were taken using a filter combination appropriate for 

the specific visualization of FITC (488 nm excitation, filter BP 500-530, displayed 

green) and Cy3 (543 nm excitation, filter LP 560, displayed red), and a zoom factor of 

0.7. Pinhole setting was 7.6 for the 488 nm and 8.4 for the 543 nm excitation laser 

lines. Laser intensity and gain were slightly adjusted to yield a distinct image of cells.  

For each section, 50% of the photographs were selected randomly. In each photo, all 

cellular profiles showing immunoreactivity for either only CRH or RAR-α or 

double-stained were counted (the area of one photo is about 0.1 mm2, representing a 

volume of 0.0006 mm3 since the sections’ thickness is 6 micrometer). A cellular 

profile was only counted if at least part of the nucleus was visible. By summating the 

number of the immunoreactive cell profiles in all the selected photos from all the 

slices of one subject, the total number of immunoreactive cell profiles was obtained. 

The density of the cell profiles for each subject was obtained by dividing the total 

number by the total volumes counted. 
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Part 2: Studies in the unpredictable mild stress (CUMS) animal model 

Animals 

Adult male Sprague–Dawley (SD) rats, weighing between 220 and 250 g at the start 

of the experiment, were obtained from the Beijing Vital River Experimental Animal 

Center. The animal room was maintained at 22 ± 1°C under a 12:12-hour light/dark 

cycle. Food and water were provided ad libitum. The animals and the procedures used 

were in accordance with the guidelines and were approved by the Institutional Animal 

Use and Care Committee of University of Science and Technology of China. All 

efforts were made to minimize the suffering of animals and to reduce the number of 

animals used. 

 

The protocol of CUMS 

18 rats were randomly assigned to an unhandled control (n = 7) or a chronic stress 

group (n = 11), matched for weight and locomotion behavior in an open-field test 

before the onset of CUMS. The control group of rats were housed together (n = 

3-4/cage), while the stressed group were housed singly. The chronic stress group of 

rats were subjected to the conditions used by Wu et al. with minor modifications (5). 

The CUMS paradigm consisted of daily exposure to alternating stressors along with 

occasional overnight stressors for 3 weeks. Stressors were administered between 

09:00 h and 12:30 h. Overnight stressors began immediately after cessation of 

morning stressors and ended with initiation of the next day’s morning stressor. The 

stressors consisted of: 1) 24 h periods of food and water deprivation; 2) 24 h periods 
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of cage tilt (45°); 3) 30 min shaker stress (150 rpm); 4) 30 min warm swim (30°C); 5) 

5 min cold swim (8°C); 6) overnight soiled bedding (200 ml water in a cage); and 7) 

overnight social crowding in a randomized order with each stressor represented an 

equivalent number of times. 

 

Open-field tests 

Open-field tests for the two groups of rats were conducted between 09:00 h and 12:30 

h in a quiet room after each week’s CUMS. The open-field apparatus consisted of a 

black square arena 100 cm×100 cm, with a black wall 30 cm high. The floor was 

marked with a grid dividing itself into 16 equal-size squares. The apparatus was 

illuminated with a low intensity diffuse light (45 W) (6). Each rat was placed in the 

central square and observed for 5 min. A record was kept for the latency each rat left 

the central four squares, the time it spent in the central four squares, the numbers of 

rearing (defined as it standing upright on its hind legs) and the numbers of grid lines it 

crossed with all paws. The apparatus was cleaned between each two tests. 

 

Hypothalamus dissection 

The day after the last open-field test, rats of the stress group were decapitated between 

9:00 and 12:30 AM. The control group was decapitated at the same time the second 

day. Blood samples were collected in tubes containing heparin sodium as an 

anticoagulant, centrifuged at 4°C and after separation the plasma was stored at -70°C 

until assayed using Rat Corticosterone ELISA kit (RapidBio Lab, Calabasas, CA, 
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USA). The brain was removed immediately and a hypothalamic block was dissected 

along the following borders: the optic chiasm as the anterior border, the mamillary 

bodies as the posterior border, and the hypothalamic sulci as the lateral borders. The 

dissection depth was approximately 3.0 mm. The total dissection time was less than 3 

minutes from decapitation per rat. Tissue samples were placed immediately in liquid 

nitrogen and later kept at -80°C until further analysis. Frozen tissues were 

homogenized with a Glas-Col’s variable-speed homogenizer in cold Trizol for further 

RNA and protein extraction according to the manufacturer’s instructions. 

 

Western Blotting 

Western blotting was performed to analyze RAR-α protein expression in the rat 

hypothalamus. Generally, 20 μg of hypothalamic tissue extracts for each sample were 

run on a 10% SDS polyacrylamide gel and then were transferred onto a 

polyvinylidene fluoride membrane (Millipore, Billerica, MA, USA). The membranes 

were then blocked for 1 h at 37°C in PBS-Tween buffer (0.01M phosphate-buffered 

saline (PBS) and 0.05% Tween-20) containing 5% non-fat milk. Immunoblotting was 

performed using an anti-RAR-α antibody (SC-551, Santa Cruz) or an anti-GAPDH 

(Glyceraldehyde-3-Phosphate Dehydrogenase) antibody (KC-5G5, KangChen, China) 

as an internal control. For the immunoblotting of RAR-α, the membrane was 

incubated with the rabbit anti-RAR-α antibody (SC-551, Santa Cruz, 1:1000 diluted in 

PBS-Tween buffer with 5% non-fat milk) for 2 h at RT. After washing, membrane 

was incubated for 1.5 h at RT with goat anti-rabbit IgG conjugated with horseradish 
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peroxidase (Promega, Madison, WI, USA). For the immunoblotting of GAPDH, the 

membrane was incubated for 4 h at RT with horseradish peroxidase conjugated mouse 

anti-GAPDH antibody (KC-5G5, KangChen, 1:1500 diluted in PBS-Tween buffer 

with 0.5% non-fat milk). After rinsing, subsequent detection for RAR-α and GAPDH 

was performed using the ECL Western blot system (SuperSignal West Pico 

Chemiluminescent Substrate, Pierce, Rockford, IL, USA) according to the 

manufacturer’s instructions. Western blotting was performed twice and similar results 

were observed. 

 

Real-time quantitative RT-PCR analysis 

Quantitative RT-PCR was performed to analyze CRH, AVP, RAR-α, CRABP1, 

RALDH1 and RALDH3 mRNA expressions in the rat hypothalamus. Generally, 1 μg 

of total RNA from the rat hypothalamus was reverse transcribed to obtain 

complementary (c) DNA. Reaction conditions for reverse transcription were as 

follows: 100 pmol/L oligo-dT, 1 mmol/L each deoxynucleoside triphosphate, 200 unit 

RNAsin, and 200 units Murine Moloney Leukemia Virus Reverse Transcriptase 

(Promega). The reaction was run at 42°C for 1 h. The mixture was then heated at 

72°C for 10 min and quickly chilled on ice. 

Primers used in the real-time quantitative PCR were shown in Table S2. All the 

primers were designed with program Primer Premier 5.0. Q-PCR was performed on 

cDNA products using the SYBR Premix Ex Taq (Takara, Dalian, China) and 0.5 μM 

of each primer in a 30 μl reaction. For rat β-actin, 0.5% of the cDNA product was 
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used; for rat CRH, AVP, CRABP1 and RALDH1, 5% of the cDNA product was used 

respectively; for the rat RAR-α, 10% of the cDNA product was used; for rat RALDH3, 

20% of the cDNA product was used. Samples were amplified with the ABI Prism 

7000 (Applied Biosystems, Foster City, CA, USA) as follows: 2 min at 50°C, 10 min 

denaturation at 95°C followed by 40 cycles of denaturation for 15 s at 95°C and 

annealing and elongation for 1 min at 64°C. 

The relative target gene mRNA level was determined using the ∆Ct method (7). This 

was done by firstly normalizing the resulting threshold cycle (Ct) values of the target 

gene mRNAs to the Ct values of the internal control β-actin in the same samples: ∆Ct 

= Ct (the target gene) – Ct (β-actin). These values were further normalized with the 

control group: ∆∆Ct = ∆Ct (sample group) - ∆Ct (control group). The fold change was 

then obtained (2-∆∆Ct). The relative target gene mRNA level represents an average fold 

calculated from separate experiments. PCR reactions were performed twice and 

similar results were observed. 

 

Chromatin immunoprecipitation assay (ChIP) 

ChIP assays were performed to determine whether RAR-α can bind to the rat CRH 

promoter in vivo according to Farnham Lab’s protocol and Upstate Biotechnology’s 

protocol with some modifications. Rat hypothalamus was removed from decapitated 

rats, chopped into small pieces with a razor blade, pushed through a 23G needle, and 

crosslinked in 1% formaldehyde in PBS for 15 min at RT. The crosslink was 

terminated by addition of glycine as a final concentration of 0.125 M and then 
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incubated for 5 min at RT. The tissues were collected by centrifuging at 1000 rpm for 

2 min, washed twice with ice-cold PBS, and homogenized in 2 ml of PBS containing 

a protease inhibitor cocktail (PIC, 1873580, Roche Applied Science, Indianapolis, IN, 

USA) using a Glas-Col’s variable-speed homogenizer. The dissociated cells were 

collected by spinning at 2000 rpm for 4 min and resuspended in 2 ml of cell lysis 

buffer (5 mM PIPES, pH 8.0, 85 mM KCL, 0.5% NP40) containing PIC. After 

centrifuge at 5000 rpm for 5 min, the nuclei were resuspended in 500 μl nuclei lysis 

buffer (50 mM Tris-HCl, pH 8.1, 10 mM EDTA, 1% SDS) containing PIC and 

sonicated to generate 0.3-2 kb DNA fragments. The lysate was centrifuged for 10 min 

at 12000 rpm for removal of debris. 40 μl of the supernatant was removed for DNA 

input, 400 μl of the supernatant was diluted 5-fold in ChIP dilution buffer (0.01% 

SDS, 1.1% Triton X-100, 1.2 mM EDTA, 16.7 mM Tris-HCl, pH 8.1, 167 mM NaCl) 

containing PIC. Chromatin solutions were immuno-cleared by adding 50 μl of salmon 

sperm DNA/Protein G agarose beads and incubating for 0.5 h at 4°C under rotation. 

After centrifuge for 10 min at 12000 rpm, the supernatant was divided equally into 

two parts: one for immunoprecipitation and another for the negative control. 

Immunoprecipitation was performed by incubation with 2 μg anti-RAR-α antibody 

(SC-551, Santa Cruz) overnight at 4°C. For the negative control, no antibody was 

added. The next day, DNA-protein immuno-complexes were precipitated by adding 

45 μl of salmon sperm DNA/Protein G agarose slurry and incubated for 1.5 h at 4°C 

under rotation. The pellets were separated by centrifugation at 1000 rpm for 1 min. 

Pellets were washed sequentially in low salt immune complex wash buffer (0.1% SDS, 
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1% Triton X-100, 2 mM EDTA, 20 mM Tris-HCl, pH 8.1, 150 mM NaCl), high salt 

immune complex wash buffer (0.1% SDS, 1% Triton X-100, 2 mM EDTA, 20 mM 

Tris-HCl, pH 8.1, 500 mM NaCl) and LiCl immune complex wash buffer (0.25 M 

LiCl, 1% NP40, 1% deoxycholic acid sodium salt, 1 mM EDTA, 10 mM Tris, pH 8.1) 

for 3 min, followed by two washes in Tris-EDTA buffer (10 mM Tris-HCl, 1 mM 

EDTA, pH 8.0) and eluted with 360 μl of 1% SDS in 0.1 M NaHCO3. Aliquots of 

eluate pools and input chromatin solutions were incubated at 65°C for 4 h in 0.2 M 

NaCl, followed by incubation at 45°C for 1 h with 10 μM EDTA in 40 μM Tris-HCl 

(pH 6.5) and 20 μg of proteinase K. DNA was recovered by phenol/chloroform and 

ethanol precipitation. The pellets were reconstituted in deionised distilled H2O and 

subjected to PCR using primers designed to amplify the 320-bp rat CRH promoter 

region (forward, 5’-GAAAAGTTAGGTGGGAGTGGTG-3’ and reverse, 

5’-GAGGGACAGGGTTCTGCTATTT-3’). PCR reactions were performed using 38 

cycles consisting of 30 s at 95°C, 30 s at 63°C and 20 s at 72°C, followed by a 7-min 

extension at 72°C.  

 

Part 3: In vitro studies in cell lines 

Cell culture  

The human neuroblastoma cell line BE(2)-C, which has been reported to express 

endogenous CRH mRNA upon the treatment of RA (8), was cultured with DF 

supplied with 10% Fetal Bovine Serum (FBS, Gibco, Invitrogen, Carlsbad, CA, USA). 

All cells were cultured at 37°C in a 5% CO2 humidified atmosphere. 
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Chromatin immunoprecipitation assay (ChIP) 

ChIP assays with the BE(2)-C cells were performed as in the hypothalamic tissue 

described above. BE(2)-C cells were cultured in 100 mm dishes and pretreated with 1 

μM RA for 24 h before harvest. Briefly, formaldehyde was added into the culture 

medium to achieve a final concentration of 1%, and incubated for 10 min at RT to 

crosslink proteins to the DNA. The crosslink was terminated by addition of glycine as 

a final concentration of 0.125 M and then incubated for 5 min at RT. After washing 

twice with PBS, cells were scraped in ice cold PBS containing PIC, centrifuged and 

resuspended in nuclei lysis buffer containing PIC. The subsequent procedures were 

performed just as the tissue-ChIP assay described above. PCR using primers designed 

to amplify the 340-bp human CRH promoter region (forward, 

5’-ACTGGCTGGCTGCTGCTTTCC-3’ and reverse, 

5’-ATTGCGTGCTGCCTCTGCTCC-3’). PCR reactions were performed using 38 

cycles consisting of 30 s at 95°C, 30 s at 60°C and 30 s at 72°C, followed by a 7-min 

extension at 72°C. 

 

Plasmids 

The pcDNA4-RAR-α plasmid was constructed by inserting the human RAR-α cDNA 

into the pcDNA4 vector. The human RAR-α cDNA was cloned by PCR from Hela 

cells and the correctness of the sequence was checked by sequencing. Primers used to 

amplify the sequence were as follows:  
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sense, GGGGATCCATGGCCAGCAACAGCAG;  

antisense, CGGAATTCTCACGGGGAGTGGGTGG.  

 

Transient transfection in BE(2)-C cells  

BE(2)-C cells were transfected with 1 μg of pcDNA4-RAR α or pcDNA4 in 6-well 

culture plates, using Lipofectamine2000 (Invitrogen) according to the manufacturer’s 

guidelines. Four hours after transfection, culture media were changed to phenol 

red-free DF containing 10% FBS and 1 μM retinoic acid (RA, Sigma-Aldrich). The 

cells were harvested 24 h later for RNA analyses. 

 

RNA interference transfection in BE(2)-C cells 

RNA interference (RNAi) against human RAR-α (accession no. NM_000964) was 

purchased from Gene Pharma (Shanghai, China). The target sequences for RAR-α 

were as follows:  

RAR α RNAi-139: 5’-GCUUCCAGUUAGUGGAUAUTT-3’. 

RAR α RNAi-261: 5’-GCUUUGUCUGUCAGGACAATT-3’. 

The sequences for the negative control siRNA targeting non-mammalian gene were: 

5’-UUCUCCGAACGUGUCACGUTT-3’. 

RNAi transfection was done on 12-well plates using RNAi-Mate (Gene Pharma) 

according to the protocol of the manufacturer. Generally, BE(2)-C cells were 

transfected with 1.5 μg each siRNA duplex using 3 μl RNAi-Mate in 600μl DF 

(containing neither serum nor antibiotics). 6 hours later, the medium were replaced 
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with 1 ml culture medium (DF supplemented with 5% FBS, containing 1 μM retinoic 

acid). The cells were harvested 24 h later for RNA analyses. 

 

Real-time quantitative PCR analysis 

Total RNA was extracted from BE(2)-C cells according to the manufacturer’s 

protocol (TRIZol; Invitrogen). The RNA samples were reverse transcribed to cDNA 

and then Q-PCR was performed as mentioned in the animal studies. To perform the 

Q-PCR, 0.5% of the cDNA product was used for human β-actin; 5% of the cDNA 

product was used for RAR-α and CRH. Primers used in the real-time quantitative 

PCR are also shown in Table S2. All the primers are designed by Primer Premier 5.0 

except the human RAR-α primers which were copied from Feart et al. (9). 2-∆∆Ct 

method was used to determine the relative target gene mRNA level.  
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Table S1. Brain material of patients with mood disorders and control subjects. 

Code Sex Age of 
Onset 

BW PMD FD CTD MON Clinicopathological information Suicide 
attempt 

No. of 
episodes 

Medication taken 
in the past 

Medication taken in the 
last month 

Died during 
depressive 

episode 
Mood 
disorders 

             

D1 M 45/32 1427 7:00 54 2:30 6 brain haemorrhage (pons) No 1 SSRI SSRI No 
D2 F 55/40 1320 4:54 52 7:45 11 heart failure, urosepsis Yes 2 MAP, BZD, TCA, 

PHT 
SSRI, BRO Yes 

D3 M 61/50 1424 40:20 42 4:40 10 diabetes, pneumonia, infarction 
right hemisphere 

No 1 TCA PHT Probably yes 

D4 M 71/53 975 16:15 38 16:15 2 cerebral ischaemia, pneumonia Yes 4 BZD, MAOI, TCA None Yes 
D5 F 72/54 1287 22:00 39 19:00 1 mesothelioma, pneumonia No 3 MAP BZD Yes 
D6 F 72/53 1116 28:25 35 4:20 4 heart failure, septic shock, 

pyelonephritis 
No 4 MIA, TCA BZD Yes 

D7 M 74/74 1444 62:55 35 17:05 3 Strangulation (suicide) Yes 1 None ZUC, SSRI, BZD Yes 
D8 M 79/ND 1530 21:10 28 17:50 9 suicide Yes ND None  SSRI Yes 
D9 b M 68/32 1204 5:55 33 23:15 10 cardiac ischaemia Yes 4 None Li, TCA No 
D10 b M 70/35 1490 4:50 43 2:45 10 cardiac arrest, ileus due to 

intestinal haemorrhage 
No 8 Li Li Manic 

D 11 b M 73/28 1260 5:15 36 9:30 1 cachexia, dehydration Yes 9 Mo, Li SSRI, MAOI Yes 
D 12 b F 75/40 1123 4:00 38 20:45 1 CVA left, acute abdomen 

secondary to perforation either 
stomach or intestines 

Yes 3 SSRI, NSAID BZD, Tol, TCA, SSRI, 
Haldol, Mo 

Yes 

Median  72/40 1303 13:45 37         
Mean±SD  68±10/ 

45±14 
1300±171 18:34±18:08 39±7 23:43±4:52* 0.1±2.2*       

Control               
C1 M 44 1565 10:00 149 7:00 7 acute myocardiac infarction   None None  
C2 F 46 1197 10:25 35 2:35 1 Multi-organ failure (toxic cause 

not excluded), pneumonia 
  ND ND, except for heparin  

C3 M 47 1368 29:13 68 11:47 12 hypercholesterolaemia, acute 
myocardial infarction 

  Statine Statine  
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C4 F 61 1296 17:45 119 23:15 12 acute heart failure   None None  
C5 M 66 1461 41:00 49 ND 6 pneumonia, septic shock, 

metastasized adenocarcinoma 
  None Hal, opioids, 

metoclopramide, BZD, 
NSAID 

 

C6 M 70 1454 9:00 28 8:00 2 Pneumonia, lung carcinoma, renal 
failure 

  ND ND  

C7 M 74 1317 8:00 60 13:00 11 heart failure, myocardial infarction   Sympaticomimetics Sympaticomimetics  
C8 M 76 1514 17:55 27 20:00 4 Acute cardiac arrest, prostate 

carcinoma, hypertension 
  BZD, NSAID, βB NSAID, βB, furosemide  

C9 F 77 1235 2:40 47 8:30 11 septic shock, metastasized 
pancreas carcinoma 

  None βB, antibiotics, opioids, 
NSAID 

 

C10 M 78 1354 53:00 88 12:00 1 Myocardiac infarction during 
catheterization 

  ND Nitroglycerine, 
furosemide 

 

C11 M 78 1310 4:20 43 16:15 9 pancreatic cancer   Mo, BZD, fentanyl Mo, BZD, fentanyl  
C12 F 83 1102 7:45 34 21:00 2 acute myocardial infarction   Vit. B, digoxin, 

nitrate 
Vit. B, digoxin, nitrate  

Median  72 1386 10:25 47         
Mean±SD  67±14 1348±135 17:35±15:41 62±38 23:22±4:55* 0.5±2.2*       

 

B, bipolar disorder; BW, brain weight; CTD, clock time at death; FD, fixation time in days; MON, month of death; PMD, postmortem delay in 
hours:minutes; SD: standard deviation.  

BRO, bromperidol; BZD, benzodiazepine; βB, beta-blocker; Hal, haloperidol; Li, lithium; MAOI, monoamine oxidase inhibitor; MAP, 
maprotiline; MIA, mianserin; Mo, morphine; NSAID, non-steroidal anti-inflammatory drugs; PHT, phenothiazine; SSRI, selective serotonin 
reuptake inhibitor; TCA, tricyclic antidepressant; Tol, Tolvon; ZUC, zuclopenthixol; None, no medication; ND, no data.  

* the circular mean and circular standard deviation of the CTD or the MON. Neither CTD nor MON differed significantly between the groups 
as tested with the Mardia-Watson-Wheeler test.  
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Table S2. Primers used in Quantitative Real-time PCR. 

 
PCR primer 

pairs 
Sequence 
Sequences are shown for sense (S) and antisense (A) primers  

Rat RAR-α S: 5’-ACCATTGCCGACCAGATTACCC-3’ 
A: 5’-AAGGTCATTGTGTCTTGCTCAGGT-3’ 

Rat CRABP1 S: 5’-CTCCTCAAGGCTCTGGGTGT-3’ 
A: 5’-CGCACCGTAGTGGATGTCTT-3’ 

Rat RALDH1 S: 5'-GAGGCAGCATAAAAGCATTAAAGTA-3’ 
A: 5'-CGTCTCGTAAAAGTGAAAATGTCTC-3’ 

Rat RALDH3 S: 5’-CAACAATGACTGGCACGAATCC-3’ 
A: 5’-CCTTGTCCACATCGGGCTTAT-3’ 

Rat CRH S: 5’-CAGAACAACAGTGCGGGCTCA-3’ 
A:5’-AAGGCAGACAGGGCGACAGAG-3’ 

Rat AVP S: 5’-TTCCAGAACTGCCCAAGAG-3’ 
A:5’-CAGATGCTCGGCCCGAAG-3’ 

Rat β-actin S: 5’-TTGCTGACAGGATGCAGAA-3’ 
A:5’-ACCAATCCACACAGAGTACTT-3’ 

Human CRH S: 5’- AAGCGCCTGGGAAGCGAGTG -3’ 
A: 5’- GCGGCTGGAAGAAATCCAAG -3’ 

Human RAR-α S: 5’-CTGCCAGTACTGCCGACTGC-3’ 
A: 5’-ACGTTGTTCTGAGCTGTTGTTCGTA-3’ 

Human β-actin S: 5’-GCCGATCCACACGGAGTACTT-3’ 
A: 5’-TTGCCGACAGGATGCAGAA-3’ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

AVP, vasopressin; CRABP1, cellular retinoic acid-binding protein 1; CRH, 
corticotropin releasing hormone; RALDH, retinal dehydrogenase; RAR, retinoic acid 
receptor. 
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Figure S1. Western blotting results showing specificity of the anti-RAR-α antibody. 

(A) Western blot of human hypothalamic tissue showing a band near 55 KD; (B) No 

staining was detected when incubation with the primary antibody was omitted; (C) 

Western blot of BE(2)-C cell lysate showing the expression of endogenous RAR-α; (D) 

Western blot of BE(2)-C cell transiently transfected with pcDNA-hRAR-α (his-tagged 

RAR-α fusion protein, ~4KD larger). The band for the endogenous RAR-α in part D 

was very weak because the sample loaded was much less than that in part C.  

 

 

Figure S2. A representative western blot profile of RAR-α (retinoic acid receptor-α) 

and GAPDH (Glyceraldehyde-3-Phosphate Dehydrogenase). 
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Figure S3. Model for a dysregulated RA (retinoic acid) signaling in affective disorders. 

Based on the experiments described in this study, we present a possible model for the role 

of RA signaling in CRH (corticotropin-releasing hormone) gene expression in affective 

disorders. Given the elevated expression of RALDH3 (retinal dehydrogenase) and 

decreased CRABP1 (cellular retinoic acid-binding protein) in the hypothalamus, an 

increased RA level could be expected. An increased RA level together with the elevated 

RAR (retinoic acid receptor)-α expression may lead to the hyperactivity of CRH neurons. 

The thickness of the arrows represents the relative strength of the signaling. The open 

arrows indicate the increase or decrease of the gene expression. 
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