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Abstract
Histone lysine deacetylase (HDACs) inhibitors are widely used as anti-cancer reagents and also as anti-
neuropsychiatric reagents. Nonetheless, the cellular functions of different HDACs are found to be diverse
and context-dependent from the results obtained from various HDAC inhibitors. Both HDAC1 and HDAC2
are expressed in hippocampal neurons at postnatal stage, but their functions could be overlapping or
independently of one other. Major Histocompatibility Complex (MHC) class I molecules play signi�cant
roles in the process of establishment and modi�cation of hippocampal synapses. However, the
relationship between HDACs and MHC class  molecules in the brain has not been reported. In this paper,
the expressions of HDAC1 and HDAC2 is found out to be inversely correlated with those of MHC class 
molecules in the postnatal stages of mice hippocampus. Inhibition of both HDAC1 and HDAC2 by HDACs
inhibitors upregulates MHC class  molecules expression in primary cultured hippocampal neurons and
this could be recapitulated by knockdown of HDAC1 using lentivirus delivery of HDAC1-speci�c shRNA.
Growth and branching of dendrites in cultured hippocampal neurons are reduced by inhibition of HDAC1
and blocking with MHC class  antibody can fully rescue the decreased dendritic growth in HDACs
inhibitor treated neurons. Our data provide the �rst evidence that HDAC1 is a regulator that can shape the
morphology of hippocampal neurons by modulating MHC class  molecules.

Introduction
Acetylation is being recognized as modulators of histone proteins for affecting their interaction with
target DNA, and of non-histone proteins for post-translational regulating their expression as well.
Acetylation of histone is regulated both by histone lysine acetyltransferase (HATs) that add acetyl groups
to multiple sites on each histone protein and histone lysine deacetylase (HDACs) that remove those
acetyl groups. HATs activity always promotes gene transcription while HDACs activity inhibits gene
transcription since acetylation is more often associated with “open chromosome” that facilitates gene
transcription (1).

HDACs are divided into four families including three zinc dependent enzymes: class ,  and  HDACs and
one NAD + dependent enzyme: class  HDACs (2). Among them, HDAC1 and HDAC2 belong to class 
HDAC family members which are associated with multiple repression complexes. HDAC1 and HDAC2 are
similar based on their amino acid sequence and play redundant role in several process (3). However, it
becomes more and more clear that HDAC1 and HDAC2 have different tissue and stage speci�c
expression in the central nervous system (CNS) (4). During the development of murine brain, both HDAC1
and HDAC2 present in the progenitor cells, but HDAC1 is lost when these cells commit to the neuronal
lineage while HDAC2 is preserved. As the result, HDAC1 is expressed by glia cells and a subset of mature
neurons, while HDAC2 mainly exists in neurons (5, 6). The function of HDAC1 and HDAC2 could be
overlapping or independently of one another in the CNS. For example, HDAC2 negatively regulates
synaptic plasticity and memory formation in the hippocampus but HDAC1 has no effects on synaptic
function and cognition (7). However, HDAC1 promotes the extinction of short fear memories (8).
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Identifying the speci�c HDAC in a speci�c cell type and at a certain developmental stage is very essential
for understanding its critical roles and being used as the therapeutic targets.

Major histocompatibility complex (MHC) molecules are expressed during the development of mice and
human brain (9, 10). Studies in classical MHC class  (refer as MHC-  in the following text) gene knockout
mice provide the evidences that MHC-  plays important roles in modifying neural circuit (11). The
expression of MHC-  molecules is under tight regulation to ensure they exert their function at the right
time (12, 13). MHC-  molecules are regulated by histone acetylation in tumor cells and HDACs inhibitors
can increase tumor immunogenicity by upregulated surface MHC-  molecules (14, 15). The relationship
between HDACs and MHC-  in the brain needs to be explored. In this paper, the expression of HDAC1 and
HDAC2 is found out to be negatively correlated with MHC-  mRNA levels in the development of mice
hippocampus. Inhibition of HDAC1 and HDAC2 by HDACs inhibitors or knockdown HDAC1 by lentivirus
expressing HDAC1–shRNA upregulates MHC-  expression in primary culture neurons. Both dendritic
growth and branching are decreased by inhibition of HDAC1 in hippocampal neurons and this can be
fully rescued by enhanced MHC-  protein expression. Our study provides the �rst evidence that HDAC1 is
a regulator in shaping the morphology of hippocampal neurons by modulating the expression of MHC-
molecules.

Methods And Materials
Chemicals

Romidepsin (FK228, Depsipeptide, Selleck Cat#S3020, USA) is a potent HDAC1 and HDAC2 inhibitor; TSA
(Trichostatin A, Selleck Cat#S1045, USA) is a non-selective HDAC inhibitor that inhibits multiple types of
HDACs; SCA (Santacruzamate A, CAY10683, Selleck Cat#S7595, USA) is a potent and selective HDAC2
inhibitor. The selectivity of SCA for HDAC2 is 3600 times higher than other HDACs.

Animals

C57BL/6J mice (Cat#n000013c57, RRID: MGI: 5657312) were purchased from Jiangsu Ji Cui Yao Kang
Biotechnology Co., Ltd (China). All mice were raised under the pathogen-free conditions with constant
temperature and humidity. The mice could eat and drink freely in 12h circadian rhythm (light time was
7:00am-7:00pm). The animal experiment was approved by the institutional animal care and use
Committee (IACUC) of School of medicine, Southeast University, China (Approval ID: syxk-2010.4987).
The date of birth was P0. The experiment was carried out in male mice at P0 (postnatal day 0), P8, P15,
P30 and P60. 

Primary Neuron Culture

As previously described, hippocampal neurons were isolated from E16.5-E18.5 mice fetus (16) and they
were cultivated in 6-well plates or on glass coverslips coated with 100μg/mL poly-D-lysine and placed in
24-well plates (Sigma-Aldrich, USA). The cells were cultured in NeurobasalTM medium with glucose
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(Sigma-Aldrich, USA), glutamine and B27 (Thermo Fisher Scienti�c, USA). After 3 days, half of the
medium was replaced with fresh medium. Knockdown of HDAC1 in some neurons was realized by
infection with LV-hdac1-RNAi lentivirus (Shanghai Jikai Gene Technology Co., Ltd, China)) at 0 DIV. OX18
or the isotype control antibody (Abcam, USA) was added to some primary cultured neurons at 3 DIV. 

Real-time quantitative PCR (RT-qPCR)

Total RNA was extracted from the hippocampal tissue of mouse and reverse transcribed into cDNA by
HiScript II 1st Strand cDNA Synthesis Kit (Vazyme Biotech, China). The primers for RT-qPCR analysis were
used as previously described (13). Real-time PCR was performed in a premix for reaction (Chamq SYBR
qPCR main mixture, Vazyme Biotech, China) and by a Real-time PCR system (Applied Biosystems, USA).
The expression of β-actin was used as the internal control for normalize the expression of the target gene.
All reactions were repeated three times. The results were demonstrated as the fold changes compared to
the control group.  

Western Blotting Analysis

RIPA lysis buffer was used to lyse the cell sample (Sangon Biotech, China). The extracted protein was
quanti�ed by Pierce™ BCA Protein Assay Kit (Thermo Fisher Scienti�c, USA) and denatured in water bath
at 100℃. Proteins were separated by SDS-PAGE gel and transferred to the polyvinylidene �uoride
membrane. Blocking of the non-speci�c binding was realized by incubating the membrane in 5% BSA or
10% non-fat milk (Amresco, USA) solution. The membrane was incubated with different primary
antibodies (anti-β-actin, 1:1000, Sigma-Aldrich, USA; anti-HDAC1, 1:1000, Cell Signaling Technology, USA;
anti-HDAC2, 1:1000, Abcam, UK) at 4℃ overnight and with peroxidase bound secondary antibody
(Sigma-Aldrich, USA) at room temperature for another hour. ECL chemiluminescence solution (Thermo
Fisher Scienti�c, USA) was used to detect protein expression by chemiluminescence imaging system
(Tanon, China). The Densitometry analysis of each band was conducted using ImageJ software (USA). 

Cell immuno�uorescence Staining  

The coverslips in 24-well plates were washed in PBS to remove the medium. Then, the cells were �xed in
4% paraformaldehyde solution (Sigma-Aldrich, USA) for 20 minutes and permeabilized with 0.25% Triton
X-100 (Sigma-Aldrich, USA) for 15 minutes. The coverslips were blocked with 5% BSA solution for 2 hours
and incubated with primary antibody (mouse anti-microtubule-associated protein 2 (MAP2), 1:200,
Abcam, USA ) at 4℃ overnight in a wet box. After that, the cells were washed and incubated with the
secondary antibody (Alexa Fluor 546 or Alexa Fluor 488 conjugated goat anti-mouse IgG (H+L),
1:500, Thermo Fisher Scienti�c, USA) for 2 hours at room temperature. Finally, the coverslips were
mounted with glycerin and observed under �uorescence microscope (Olympus FluoView FV 1000,
Japan). 

Sholl Analysis
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The morphologies of neurons were analyzed by Sholl analysis. Several concentric circles were
superimposed on the neuron cell images. By calculating the number of branches intersecting with each
concentric circle, the branching patterns of dendrites in different regions are obtained, so as to
quantitatively characterize the metamorphic properties of imaged nerves. 

Statistical analysis

Statistical analysis was performed by Graphpad prism 8.0.1 software (USA). Univariate analysis of
variance was used for comparison the means between multiple groups and Student t-test was used for
comparison the means between the two groups. Values are presented as mean±SEM. P<0.05 was
considered statistically signi�cant. 

Results
The expression of HDAC1 and HDAC2 inversely correlated with MHC-  in the hippocampus of postnatal
mouse brain

To investigate the relationship between the expression of HDAC1 or HDAC2 and MHC-  in the postnatal
mouse brain, we collected hippocampal tissues at P0, P8, P15, P30 and P60. The expression of HDAC1
and HDAC2 proteins was analyzed by western blotting and it showed that HDAC1 and HDAC2 were
progressively decreased from P0 to adult (Fig. 1A, 1B). Just as we previously reported (13), the expression
of MHC-  proteins varied in postnatal stage, while the expression of MHC-  mRNAs (including H2-K and
H2-D) were steadily increased from P0 to adult (Fig. 1C, 1D). Since HDAC1/2 negatively regulate gene
transcription, these results suggest a potent role of HDAC1 or HDAC2 in regulating MHC-  expression in
postnatal development of mice hippocampus.

The expression of HDAC1 and HDAC2 sustained in primary cultured hippocampal neurons

The primary cultured hippocampal neurons were collected at 0 DIV (days in vitro), 3 DIV and 8 DIV. The
expression of HDAC1 and HDAC2 proteins was analyzed by western blotting in those neurons. Different
from their decreased expression at postnatal stages in hippocampal tissues, HDAC1 and HDAC2 proteins
maintained almost at the same level in 0 DIV, 3 DIV and 8 DIV cultured neurons (Figure 2A, 2B). In
according to this, the expression levels of MHC-I mRNA were not varied during the development of
cultured hippocampal neurons in vitro (17). 

 Upregulated expression of MHC-  upon HDACs inhibition by different HDAC inhibitors in primary cultured
hippocampal neurons 

In order to clarify the regulation of MHC-  molecules by HDACs, we used different HDAC inhibitors to
investigate their effects on MHC-  expression in cultured hippocampal neurons. TSA, Romidepsin or SCA
were used to treat primary cultured hippocampal neurons at 3 DIV. The cells were collected after 48 hours
of treatment and the expression of H2-K and H-2D mRNA was examined by RT-qPCR. TSA inhibits
multiple HDAC family members. After treated with 20nM or 40nM TSA, the expression of both H2-K and
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H-2D were upregulated, although the enhancement of H2-D did not reach statistical signi�cance (Figure
3A). Romidepsin inhibits both HDAC1 and HDAC2 of class   HDACs and the result showed that 5nM or
50nM Romidepsin treatment raised H2-K and H2-D mRNA to the same level (Figure 3B). Although HDAC1
speci�c inhibitor is not available, H2-K and H2-D mRNA did not change upon treatment with 10nM or
25nM HDAC2 speci�c inhibitor SCA (Figure 3C). These results suggested that HDAC1 might regulate
MHC-  expression in cultured hippocampal neurons among numerous HDAC inhibitors.

 Decreased dendritic arborization in hippocampal neurons by HDAC1 and HDAC2 inhibitor, Romidepsin

Next, we investigated whether HDAC inhibitors could affect the morphology of dendrites in cultured
hippocampal neurons. Neurons were treated with different HDAC inhibitors at 3 DIV for two days and they
were immunostained by a dendritic marker, MAP2. Total dendrite length for all dendritic branches in 5nM
Romidepsin-treated neurons were signi�cant decreased compared to the control neurons (�gure 4A and
4B). The dendritic complexity in Romidepsin-treated neurons were also obviously decreased with
analyses of Sholl data (�gure 4C and 4D). However, there are no signi�cant differences between the
10nM SCA-treated or 20nM TSA-treated groups vs. vehicle treated groups in both total dendrite length
and dendritic branch number of hippocampal neurons (�gure 4A-D). These results suggested that HDAC1
also might affect the morphology of hippocampal neurons. 

 Increased MHC-  expression and decreased dendritic arborization by knockdown of HDAC1 in cultured
mouse hippocampal neurons

In order to �nd out whether HDAC1 is the key factor to enhance MHC-  expression and inhibit the
arborization of dendrites, knockdown the expression of HDAC1 in the cultured neurons were realized by
infection with LV-hdac1-RNAi lentivirus (lentivirus-mediated delivery of HDAC1 shRNA, named as
shHDAC1 lentivirus in the following text) at 0 DIV. Transfection e�ciency was detected by �uorescence
microscopy and reached at approximately 80% after a 5-day incubation period post infection (�gure 5A).
Comparing to the neurons infected with control lentivirus, the levels of HDAC1 mRNA and protein were
reduced by 78.4% and 40% respectively in neurons infected with shHDAC1 lentivirus, while the level of
HDAC2 mRNA and protein were almost unchanged (�gure 5B and C), con�rming the speci�c target of
HDAC1 by shHDAC1 lentivirus in neurons. At the same time, H-2K and H2-D mRNA were enhanced in
neurons infected with shHDAC1 lentivirus compared to the control (�gure 5D). Comparing to the neurons
infected with control lentivirus, total dendrite length and dendritic branch number of shHDAC1 lentivirus
treated neurons were dramatically decreased (�gure 6). All these results con�rmed that enhancement of
MHC-  and suppression the development of neuronal dendritic branches in hippocampal neurons were
mediated by HDAC1. 

 Decreased dendritic arborization in hippocampal neurons by HDAC1/2 inhibitors, Romidepsin, is
mediated by MHC-

In order to con�rm that the decreased dendritic arborization through Romidepsin treatment is mediated
by increased MHC-  expression, a monoclonal MHC class  antibody, OX18 was added to the primary
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cultured neurons at 3 DIV for blockade of the interaction of surface MHC-  proteins with their receptors.
Neurons were immunostained for MAP2 at 5 DIV. Neurons treated only with OX18 antibody exhibited an
increase in dendritic complexity compare neurons treated with control antibody. Neurons treated with
5nM Romidepsin exhibited a signi�cant decrease in total dendritic length and branch number and the
MHC class  antibody almost fully rescued the inhibited neurite outgrowth of neurons by Romidepsin
(Figure 7). All these results illustrated that HDAC inhibitors, Romidepsin, can shape the outgrowth of
neurite in hippocampal neurons by increased expression of MHC-  molecules.

Discussion
As long as HDAC inhibitors are found to inhibit tumor growth not only by affecting cell growth but also by
increasing tumor immunogenicity, they are widely used as anti-cancer reagents (18). TSA binds to the
zinc ion in the catalytic domain and inhibits class  and  HDACs. It is widely used as promising
antitumor agents in different types of tumors (19, 20). Romidepsin is a more selective inhibitor of class 
HDACs and is approved as a second-line therapy for peripheral T-cell lymphoma (21). However, the more
unselectivity the HDACs inhibitor is, the more side effects it will cause. Side effects of broad spectrum
HDACs inhibitors in the CNS indicate that HDACs are also the chromatin structure regulators and
posttranslational modi�ers of numerous key proteins in brain. HDACs inhibitors are also been clinically
used as anti-neuropsychiatric reagents. For example, Valproic Acid (VPA), a nonselective HDACs
inhibitors, is a well-established reagent for treatment of seizures and bipolar disorder (22). However, it is
found that VPA has multiple molecular targets that leads to different clinical effects (23). Thus, the
location and functional diversity of HDAC family members in the brain remains to be elucidated, which
will bene�t application of selective targeting of individual HDAC family members for treatment of neuron
disorder.

HDAC1 and HDAC2 are two of the most well-studied family members in multiple class  HDACs. They
share similar amino acids with 82% sequence identity to each other and they are reported to have
redundant roles in several cell types. However, the cellular type that express HDAC1 and HDAC2 seems
different at various development stage. HDAC1 presents in neural stem cells and progenitor cells in E13.5
mice CNS, and is primarily expressed in glia at postnatal stage. The expression of HDAC2 begins in
neural progenitors and maintains in mature neurons, but not in fully developed glia cells (6).
Hippocampus looks like an exception to this rule. HDAC1 and HDAC2 are both present in hippocampal
neurons at postnatal stage and in adults, where HDAC1 shows a more limited expression pattern, staining
for a subpopulation of neurons while HDAC2 is widely distributed in neurons throughout the mice
hippocampus (6, 24). Moreover, HDAC1 and HDAC2 are also reported to be co-expressed in neurons of
rats hippocampus with HDAC2 has higher expression level than HDAC1 (25). We also con�rm this by
showing the presence of HDAC1 and HDAC2 in both hippocampus tissues and primary cultured
hippocampal neurons in this study. The level of HDAC1 and HDAC2 continually decreased in tissues of
P0 to P60 hippocampus while the expression sustained at the same level in primary cultured
hippocampal neurons from 0 DIV to 8 DIV. It is suggested that HDAC1 and HDAC2 might play the same
role to maintain the acetylation homeostasis and support the stabilization of mature neurons where the
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two molecules are expressed together (6). However, the diverse function of HDAC1 and HDAC2 in
hippocampal neurons is also being considered and under investigation.

It is reported that HDAC2 is negatively correlated with synapse formation and plasticity of hippocampal
neurons and affects memory formation. These effects are speci�c to HDAC2, while HDAC1 does not
contribute to hippocampus synaptic plasticity and memory function (26, 27). Recently, it is reported that
HDAC1 promotes the extinction of recently formed fear memory (8). Besides that, the expression of
HDAC1 is elevated in the prefrontal cortex and hippocampus of patients with schizophrenia. However,
they linked the schizophrenia-like phenotypes in mice with abnormal expression of HDAC1 in prefrontal
cortex, but not in hippocampus (28). So far, the function of HDAC1 in hippocampal neuron is still a
mystery. Because the HDAC1 speci�c inhibitor is not available, we �nd that inhibition of catalytic activity
of HDAC by HDAC1 and HDAC2 speci�c inhibitor, Romidepsin, can decrease the length and the
complexity of neurites of hippocampal neurons, but HDAC inhibition by non-selective HDACs inhibitor,
TSA or a speci�c HDAC2 inhibitor, SCA does not affect neurite morphology. In order to �nd out which one
is the key factor that drives the effect, a lentivirus expressing HDAC1–shRNA is used to speci�cally
knockdown HDAC1 in primary cultured hippocampal neuron. Our results indicate that either inhibition of
HDAC1/2 activity or decrease the expression of HDAC1 leads to reduced neurite outgrowth, suggesting
that it is HDAC1 but not HDAC2 controls the molecular pathway for dendritic growth and branching of
hippocampal neurons. Although TSA can also inhibit the activity of HDAC1, other targets of TSA could
compete with HDAC1 to neutralize the effect of HDAC1 on regulating the morphology of dendrites. To our
best knowledge, the relationship between HDAC1 and neurite development of hippocampal neurons has
not been reported before.

The genes that determine the HDAC1 related neurite development are not known. It is reported that
Valproate, a non-speci�c HDACs inhibitor can increase phospho-ERK42/44 and phospho-RSK1 levels and
mediates neurotrophic action in cultured cortical neuron. However, this effect is not fully dependent on
HDAC1 activity (29). Several HDACs inhibitors are reported to augment the level of MHC-  molecules in
cancer cells. At the same time, binding of MHC-  to its receptors are validated to inhibit the establishment
of synaptic connections (30), suggesting us to investigate whether MHC-  can mediate HDAC1 inhibition
of neurite development. In our study, HDAC1 and HDAC2 expression level is negatively correlated with
MHC-  mRNA level in mouse hippocampus tissue. Manipulating HDAC1 can change the expression of
MHC-  in cultured mouse hippocampal neurons. Taken together, these results suggest that HDAC1
negatively regulates MHC-  transcription in mouse hippocampal neurons. Besides that, fully rescuing the
decreased length and complexity of dendrites in Romidepsin treated neurons by blocking with MHC class
 antibody let us to con�rm the causal relationship between the modulation of MHC-  and hippocampal

dendritic growth by HDAC1. In conclusion, HDAC1 is identi�ed as a possible regulator of MHC-  in
shaping neuronal morphology of hippocampus. Since neurons knockdown of HDAC1 cannot survive
antibody treatment in our study, the hypothesis needs to be validated in the future in HDAC1 speci�c
knockout neurons with MHC-  overexpression.
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Guan et al. points out that it is HDAC2 but not HDAC1 regulates the number of synapses of pyramidal
neurons of the CA1 region and granule cells of the dentate gyrus (7). There are several obvious different
facets between their and our results. First, they use a gain of HDAC1 function, a HDAC1 overexpression
(OE) mice model, to study the in vivo synaptogenesis of hippocampal neurons. While in our study, we
detect dendritic growth and branching by loss of HDAC1 function model in primary cultured hippocampal
neurons. Second, MHC-  is not considered as the molecular target of HDAC1 in Guan’s paper while we
survey the association of HDAC1 mediated dendritic growth with MHC-  genes. In the future, it will be
important to determine the in vivo morphology of dendrite length and spines of neurons in mice that
speci�c loss of HDAC1 function in hippocampal neurons. It is also worthy to determine the repressor
complex which are recruited by HDAC1 and HDAC2 and genome wide approaches will be necessary to
identify gene networks that in response to deregulated HDAC1 and HDAC2 levels in hippocampus. These
are helpful evidences towards elucidating the distinct function of HDAC1 and HDAC2 in hippocampus
and they are also useful when consider the strategy for treatment of neuropsychiatric disease with more
speci�c HDAC inhibitors.
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Figure 1

The expression of HDAC1 and HDAC2 inversely correlated with MHC-  in the hippocampus tissues of
postnatal mouse brain

(A, B) The levels of HDAC1 and HDAC2 proteins in hippocampal tissues at P0, P8, P15, P30 and P60 were
determined by Western blot analysis (left). The densitometry analysis of each band was taken. Data were
normalized to β-actin and shown as ratio to P0 (right). (C, D) The levels of H2-K and H2-D mRNA were
determined by RT-qPCR and the data were also shown as a ratio to P0. 
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Figure 2

The expression of HDAC1 and HDAC2 sustained in primary cultured hippocampal neurons from 0 DIV to
8 DIV

(A, B) The levels of HDAC1 and HDAC2 proteins in the primary cultured neuronal cells at 0 DIV, 3 DIV and
8 DIV were determined by Western blot analysis (left). The densitometry analysis of each band was
taken. Data were normalized to β-actin and shown as ratio to 0 DIV (right).  
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Figure 3

Upregulated expression of MHC-  upon HDACs inhibition by different HDAC inhibitors in primary cultured
hippocampal neurons

The level of H2-K and H2-D mRNA was determined by RT-qPCR upon 20nM and 40nM TSA treatment (A),
5nM and 50nM Romidepsin treatment (B), or 10nM or 25nM SCA treatment (C) of primary neurons. The
data was shown as a ratio to control. “ns” - no statistical signi�cance; “*” - p<0.05; “**” - p<0.01; “***” - p
<0.001 and “****” - p <0.0001.
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Figure 4

Decreased dendritic arborization of hippocampal neurons by HDAC1 inhibition but not by HDAC2
inhibition

(A) Representative images of primary hippocampal neurons treated with different inhibitors (5nM
Romidepsin, 10nM SCA or 20nM TSA). The inhibitors were added at 3 DIV and neurons were
immunostained by MAP2 at 5 DIV. Bars: 20μm. Total neurite length (B) and branching complexity (C, D)
was quanti�ed by Sholl analysis. About 15-20 cells were selected from each group for statistical analysis.
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Figure 5

Enhanced expression of MHC-  by knockdown of HDAC1 in primary cultured hippocampal neurons

(A) Representative image of the primary hippocampal neurons infected with control lentivirus or
shHDAC1 lentivirus for 5 days. Bars: 100μm. (B) The levels of HDAC1 and HDAC2 mRNA were determined
by RT-qPCR. Compared to the control, HDAC1 mRNAs were reduced in neurons infected with shHDAC1
virus, while HDAC2 mRNAs were not changed. (C) Knockdown of HDAC1 was also con�rmed by Western
blotting. (D) The levels of H2-K and H2-D were determined by RT-qPCR. Compared with the neurons
infected with the control virus, H2-K and H2-D levels in neurons infected with the shHDAC1 virus were
increased. 
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Figure 6

Decreased dendritic arborization in hippocampal neurons by knockdown of HDAC1

(A) Representative image of primary hippocampal neurons infected with control lentivirus or shHDAC1
lentivirus and neurons were immunostained by MAP2. Bars: 20 μm. Total neurite length (B) and
branching complexity (C, D) was quanti�ed by Sholl analysis. About 15-20 cells were selected from each
group for statistical analysis.
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Figure 7

Decreased dendritic arborization in hippocampal neurons by HDAC1 inhibition is mediated by MHC class
 molecules

(A) Representative image of neurons treated with isotype control antibody (Ctrl), MHC class  antibody
(OX18), the combination of 5nM Romidepsin with isotype control antibody (Romidepsin) or the
combination of 5nM Romidepsin with OX18 (Romidepsin+OX18) at 3 DIV. After 2 days, neurons were
immunostained by MAP2. Bars: 20μm. Total neurite length (B) and branching complexity (C, D) was
quanti�ed by Sholl analysis. About 15-20 cells were selected from each group for statistical analysis.


