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Early life stress (ELS) increases the risk of depression. ELS may be involved in the susceptibility to
subsequent stress exposure during adulthood. We investigated whether epigenetic mechanisms of p11
promoter affect the vulnerability to chronic unpredictable stress (CUS) induced by the maternal sepa-
ration (MS). Mice pups were separated from their dams (3 hr/day from P1-P21). When the pups
reached adulthood, we applied CUS (daily for 3 weeks). The levels of hippocampal pll expression
were analyzed by quantitative real-time PCR. The levels of acetylated and methylated histone H3 at
pl1 promoter were measured by chromatin immunoprecipitation. Depression-like behavior was meas-
ured by the forced swimming test (FST). The MS and CUS group exhibited significant decreases in
p11 mRNA level and the MS plus CUS group had a greater reduction in this level than the CUS
group. The MS plus CUS group also resulted in greater reduction in H3 acetylation than the CUS
group. This reduction was associated with an upregulation of histone deacetylase 5. Additionally, the
MS plus CUS group showed a greater decrease in H3K4met3 level and a greater increase in H3K27
met3 level than the CUS group. Consistent with the reduction of pll expression, the MS plus CUS
group displayed longer immobility times in the FST compared to the control group. Mice exposed to
MS followed by CUS had much greater epigenetic alterations in the hippocampus compared to adult
mice that only experienced CUS. ELS can exacerbate the effect of stress exposure during adulthood

through histone modification of pll gene.
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Fig. 1. Experimental design schematic. Mice pups were separated from their dams for 3 hr per day from postnatal day 1 through
3 weeks of age. When the pups became adults (60 days), they were subjected to chronic unpredictable stress (CUS; daily
for 4 weeks). Forced swimming test was performed 24 hr after the last CUS.
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Table 1. Stressor used in the chronic unpredictable stress (CUS)

Day Stressors Duration
1 Empty cage 24 hr
2 Restraint stress 4 hr
3 Tilt cage at 45° 4 hr
4 Swim 5 min
5 Nip tail 1 min
6 Water and food deprivation 24 hr
7 Wet cage 24 hr

During the CUS protocol, one stressor was applied daily for 4
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Table 2. Lists of all primers used in this study

Real-time PCR (ABI 7500, Applied Biosystems, Foster
City, CA, USA) 71715 AH&3te] mRNAE A& 4331
g4 E cDNA 100 ng, 2X PreMIX (SYBR Green with low
ROX; RT500, Enzynomics, Daejeon, Korea) 12.5 pl, 10 pmole
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Gene name

Gene bank number

Primer sequence (5'-3')

Quantitative RT-PCR

pi NMOBIZZ g TTICTCCACAGCCAGAGG
HDACS NOEBOL I GTGGAGACAGATATCCTT
GAPDIH NG 0072443 R TGGTCCAGOGTTICITACTC
RT-PCR for histone modification
pII promoer AC 102533 R GOTCITAGTATTICAGGGCA

GAPDH: Glyceraldehyde 3-phosphate dehydrogenase, HDACS: Histone deacetylase 5, p11: S100A10
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Fig. 2. Expression of p11 mRNA in the hippocampus of control,
MS, CUS, and MS+CUS groups. Mice pups were sepa-
rated from their dams (3 hr per day from postnatal day
1 through 3 weeks). When they became adults (60 days),
mice were subjected to chronic unpredictable stress
(CUS; daily for 4 weeks) (17=11-13 animals/group). The
p11 mRNA levels the hippocampus were measured by
quantitative real-time reverse transcription polymerase
chain reaction (RT-PCR). This experiment was repeated
twice. Quantitative analysis was normalized to Glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH). Results
are expressed as a value relative to the control group
using the 27 ““" method. CON, non-MS, non-CUS mice;
MS, MS adult mice; CUS, non-MS, CUS mice; MS+CUS,
MS plus CUS mice. Data represent the mean * S.E.M.
"p<0.01 vs. control group; o p<0.01 vs. CUS group.
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Fig. 3. The levels of acetylated histone H3 at p11 promoter and HDAC5 mRNA expression in the hippocampus of control, MS,
CUS, and MS+CUS groups. Mice pups were separated from their dams. When they became adults, mice were subjected
to chronic unpredictable stress (n=11-13 animals/group). Chromatin immunoprecipitation (ChIP) assays were performed to
measure the levels of acetylated H3 (A) at pll promoter in the hippocampus using anti-acetyl-H3 (K9+K14) antibody.
Quantitative analysis was normalized to the ‘input’ DNA. The pll mRNA levels (B) in the hippocampus were measured
by quantitative RT-PCR. Quantitative analysis was normalized to GAPDH. These experiments were repeated twice. Results
are expressed as a value relative to the control group using the 2°““ method. CON, non-MS, non-CUS mice; MS, MS
adult mice; CUS, non-MS, CUS mice; MS+CUS, MS plus CUS mice. Data represent the mean+S.E.M. *p<0.05 vs. control
group; “p<0.01 vs. control group; " p<0.01 vs. CUS group.
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Fig. 4. The levels of methylated histone H3 at p11 promoter in the hippocampus of control, MS, CUS, and MS+CUS groups. Mice
pups were separated from their dams. When they became adults, mice were subjected to chronic unpredictable stress (1#=11-13
animals/group). ChIP assays were performed to measure the levels of trimethylated H3K4 (A) and H3K27 (B) at p11 promoter
in the hippocampus using anti-H3K4met3 and anti-H3K27met3 antibodies, respectively. Quantitative analysis was normalized
to the ‘input” DNA. This experiment was repeated twice. Results are expressed as a value relative to the control group
using the 22 method. CON, non-MS, non-CUS mice; MS, MS adult mice; CUS, non-MS, CUS mice; MS+CUS, MS plus
CUS mice. Data represent the mean + SEM. p<0.05 vs. control group; p<0.01 vs. control group; ! p<0.05 vs. CUS group;

! *p<0.01 vs. CUS group.
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