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Abstract Recent findings in the literature suggest a

relation between histidine triad nucleotide-binding protein-

1 (HINT1) and psychiatric disorders such as major

depression, anxiety, and schizophrenia, although its phys-

iological roles are not completely comprehended. Using

Western blot, we compared HINT1 protein expression in

the postmortem dorsolateral prefrontal cortex and thalamus

of schizophrenia patients and healthy controls for contrib-

uting to elucidate the role of HINT1 in schizophrenia

pathophysiology. HINT1 was found to be downregulated in

the dorsolateral prefrontal cortex and upregulated in the

thalamus. Our results combined to previous studies in

human samples and preclinical models support the notion

that HINT1 must be more explored as a potential target for

psychiatric disorders.

Keywords Schizophrenia � HINT1 � Histidine triad
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Histidine triad nucleotide-binding protein-1 (HINT1) is a

member of the histidine triad protein (Hit) family that by

definition presents the conserved sequence motif HisX-

HisXHis (‘X’ = hydrophobic amino acid). HINT1 has

nucleotidyl hydrolase and transferase activities and is

widely expressed in a number of tissues including liver,

kidney, and brain [1]. Although HINT1 was originally

described as a protein kinase C (PRKC) inhibitor, this

function was not confirmed in later studies. Other roles that

have been attributed to HINT1 are inhibition of several

pathways that control transcriptional processes and tumor

susceptibility and suppression [2].

There is also evidence that HINT1 plays a role in psy-

chiatric disorders such as schizophrenia, bipolar disorder,

major depression, and anxiety. Recently, anxiety-like

behavior has been observed in Hint1 knockout (KO) mice

[3–5], and Hint1 expression in brain areas related to mood

disorders has been reported [6]. Moreover, HINT1 protein

has been found to be downregulated in fetal brains of

Down syndrome patients [7].

The HINT1 gene is part of the 5q31.2 genetic locus,

which has been associated with schizophrenia. In addition

to sex-specific genetic association between HINT1 and

schizophrenia [8], gene variants of HINT1 were recently

found to be associated with nicotine dependence, which is

frequently comorbid with schizophrenia [9]. Interestingly,

lower levels of HINT1 mRNA were found in the dorso-

lateral prefrontal cortex (DLPFC) of three pools of 15

patients with schizophrenia when compared to three pools

of 15 matched controls confirming their own previous

findings [10]. Authors have even discussed the potential

role of HINT1 in cellular stress and apoptosis along with

other proteins such as MAPK14, TNFRSF6, NAIP, and

UBE2N, which were also found differentially expressed

[10].
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In the present study, we have analyzed HINT1 protein

expression in the mediodorsal thalamus and the DLPFC

from schizophrenia patients lending further support to the

protein’s role in schizophrenia pathophysiology.

Human brain samples were collected postmortem from

the DLPFC (BA46) of 9 chronically treated schizophre-

nia patients and 7 controls and from the mediodorsal

thalamus of 11 patients and 8 controls (Table 1). The

thalamus acts as a relay center organizing and redis-

tributing stimuli from several brain regions. Moreover, it

is involved with auditory, somatic, visceral, gustatory,

and visual systems as well as regulation of sleep states,

wakefulness, and consciousness [11]. Considering the

significant alterations found in cerebral metabolic activity

and related circuitry by functional magnetic resonance

imaging and positron emission tomography, the thalamus

is hypothesized to be a key structure in SCZ [12]. The

mediodorsal thalamus specifically acts as a central relay

station by transferring peripheral sensory inputs to the

cortex. Therefore, it is interesting to analyze the DLPFC

as a complement. In addition, cognitive deficits and

anomalous cytoarchitecture of the PFC are associated

with schizophrenia [13]. Patients’ samples were from the

Mental State Hospital, Wiesloch, Germany, where

patients had been receiving treatment. SCZ diagnosis

according to the DSM-IV criteria (American Psychiatric

Association [14]) had been made antemortem by a psy-

chiatrist. All patients were residual schizophrenics with

chronic paranoid episodes. The antipsychotic treatment

history of each patient was assessed by examining the

medical charts and calculated as chlorpromazine equiv-

alents (CPE) using the algorithm developed by Jahn and

Mussgay [15] for typical neuroleptics and clozapine,

while CPE for olanzapine was calculated using the mean

doses [16]. Controls’ samples were from the Institute of

Neuropathology, Heidelberg University, Heidelberg,

Germany. The controls had not suffered from psychiatric

or neurological disorders, somatic diseases, or brain

tumors and had never been treated with antidepressant or

antipsychotic medications. Clinical records were col-

lected from relatives and general practitioners. Brain

samples from patients and controls were dissected by an

experienced neuropathologist and deep-frozen immedi-

ately after collection. All patients and controls were

German Caucasians and had no history of alcohol or

drug abuse or any severe illness. The samples were

submitted for neuropathologic characterization to rule out

associated neurovascular or neurodegenerative disorders.

The classification according to Braak was stage II or less

for all subjects [17, 18]. There were no significant dif-

ferences between patients and controls for age, PMI, or

pH as previously shown [19, 20]. All assessments and

postmortem evaluations and procedures were approved

by the ethics committee of the Faculty of Medicine of

Heidelberg University, Heidelberg, Germany.

Fifty milligram of DLPFC and thalamus was homoge-

nized separately in 200 ll of 7 M urea, 2 M thiourea, 4%

CHAPS, 2% ASB-14, and 70 mM DTT buffer and quanti-

fied by Bradford assay as previously described in detail

[21]. For Western blot, 15 lg of total protein from DLPFC

and thalamus samples was run on a 12% SDS minigel and

subsequently transferred to PVDF membranes (100 V for

1 h). Membranes were treated with 5% Carnation non-fat

dry milk in TBS-T for 4 h, rinsed in TBS-T 3 times for

20 min, and incubated with a rabbit anti-Hint1 antibody

(ABCam) at a 1:1,000 dilution in TBS-T overnight at 4�C.

After incubation, membranes were washed thrice with TBS-

T for 15 min. Membranes were incubated with anti-c-

MYC-peroxidase antibody for 40 min at RT, then washed

with water, incubated with ECL mixture for 1 min, and

exposed to ECL film. Films were developed and subse-

quently scanned, and the band signals (optical densities)

were assessed using QuantityOne software. The significant

changes of individual samples between schizophrenia

patients and controls were determined using Mann–Whit-

ney tests. Even with the limited number of samples ana-

lyzed, we used SPSS 15 for Windows to analyze

correlations between the patients’ and healthy controls’

Western blots densitometry data and their respective soci-

odemographic data and antipsychotic medication in chlor-

promazine equivalents as described previously [20] aiming

to detect whether external interferences might have led to

protein expression differences not related to schizophrenia.

Figure 1 shows that schizophrenia patients have lower

HINT1 protein levels in the DLPFC compared with controls,

thus confirming earlier mRNA analyses [10] and lending

support to the notion of potential biomarker candidacy [22]

for HINT1 in schizophrenia. Contrary to the DLPFC results,

we observed higher HINT1 protein levels in the thalamus of

schizophrenia patients compared with controls (Fig. 1). We

correlated the two measurements from different brain regions

from the same subjects using Spearman’s rank correlation

(nonparametric) coefficient. As shown in Fig. 2, there is a

significant positive correlation of HINT1 expression between

both brain regions (Spearman r = 0.9286, p = 0.0022). No

correlations were found between HINT1 expression and

antipsychotic administration, duration of disease, and age at

onset. Apparently, HINT1 protein expression shows distinct

regulations in different brain regions, a finding that is not

unexpected for a tissue of this complexity where the distri-

bution of excitatory or inhibitory interneurons differs

depending on the region. While studying the proteome of

schizophrenia brain tissue, we found an upregulation of

PRKC gamma (PRKCG) in DLPFC and thalamus [19, 20],

which might support HINT1–PRKC interaction, although

this cannot be confirmed without further experiments.
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The importance of HINT1 for psychiatric traits has

also been explored in HINT1 KO mice. Through

amphetamine-sensitivity tests in HINT1 KO mice and

wild-type (WT) animals, Barbier et al. found that the

absence of HINT1 disturbs postsynaptic dopamine

transmission rather then presynaptic dopamine transmis-

sion in striatum and nucleus accumbens. The same group

also found elevated corticosterone levels in plasma of

HINT1 KO mice indicating alterations in hypothalamic–

pituitary–adrenal axis [4], while our group found no

significant differences [5]. These findings and our data

warrant further studies on HINT1–for instance including

a group of drug-naı̈ve schizophrenia patients and other

tissues–to unravel its roles and related biochemical

pathways in schizophrenia and psychiatric disorders.
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Fig. 1 Western blot analyses of HINT1 in thalamus and dorsolateral prefrontal cortex from schizophrenia (SCZ) patients and controls (CTRL).

The significant changes of individual samples between schizophrenia patients and controls were determined using Mann–Whitney test

Fig. 2 Spearman Correlation between DLPFC and thalamus from

SCZ patients
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