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Abstract Saitohin (STH) is an intronless gene nested

within the human tau gene, which contains a single nucle-

otide polymorphism (A/G), suggested to be involved in the

physiopathology and clinical course of several neurode-

generative and neuropsychiatric diseases. Recently, an

association between this polymorphism and frontal hypo-

perfusion and clinical prognosis in frontotemporal dementia

was reported. The present study sought to evaluate the

possible role of the STH polymorphism as a concurring

factor of cognitive decline in schizophrenia, a disease

sharing both early psychotic manifestations, a core deficit of

executive functions and hypofrontality with frontotemporal

lobe dementia. 220 clinically stabilized patients with

schizophrenia were assessed with the Wisconsin Card

Sorting Test (WCST) for evaluation of executive functions

and compared for STH allele frequency with 48 patients

affected by frontotemporal dementia and 47 healthy sub-

jects. There was no significant difference in allelic

distribution between the healthy controls and all other

groups, while we observed a significantly greater frequency

of G allele among both patients with frontotemporal

dementia (p = 0.037) and schizophrenia patients with poor

performances of WCST (p = 0.044), compared to schizo-

phrenia patients with best WCST performances. Among the

patients with schizophrenia, stratified for age and gender,

the STH polymorphism resulted in a significant predictor of

WCST performance (p = 0.007). These results suggest a

possible contribution of STH gene products on the hetero-

geneity of core frontal executive functions deterioration,

probably through complex interactions with mechanism

involved in neurodevelopment and neurodegeneration.

Keywords Saitohin � Tau protein � Executive functions �
Hypofrontality � Schizophrenia � Neurodegeneration

Introduction

Saitohin (STH) is an intronless gene encoding for a protein

consisting of 128 amino acids, located in intron 9 of the

human tau gene, that contains a single nucleotide poly-

morphism (A/G), the A allele being most frequent in

humans, which changes glutamine residue 7 to arginine

(Q7R) [1]. This polymorphism is in complete linkage dis-

equilibrium with the extended haplotype that covers the

entire human tau gene: the A allele of STH with H1 tau

haplotype, the G allele with H2 [1, 2]. The two tau hap-

lotypes differ in transcriptional activity, H1 being more

efficient in driving tau gene expression compared to H2 [3].

Additionally, the G allele of STH was reported to increase

the inclusion of exon 10 of the tau gene much more

effectively than the A allele in patients with Alzheimer

disease (AD) [4]. It is known that aberrant microtubule-
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associated tau protein is a feature of several neurodegen-

erative diseases; however, the functional and clinical cor-

relation of tau haplotype is still lacking in literature. It is

still unknown whether the tau haplotype by itself modu-

lates the function of the tau protein, or if the haplotype is in

linkage disequilibrium with a causal mutation in tau or a

neighboring gene, and how this haplotype may influence

the spectrum of tau-related disorders, thus tuning the

neuropathological process, and consequently determining a

peculiar clinical endophenotype.

The location and the expression pattern of STH gene

warranted research aiming to evaluate the possible role of

the STH polymorphism in several neurodegenerative dis-

orders. Recent studies focused mainly on dementia pro-

cesses, both Alzheimer disease and frontotemporal

dementia, but other neurodegenerative diseases, such as

Parkinson disease, progressive nuclear palsy and Hun-

tington chorea, were investigated too [5–7]. Preliminary

studies suggested an association between the GG genotype

of STH and higher risk for late-onset Alzheimer disease

[8] and a trend for the AA genotype and frontotemporal

dementia [2]; however, further studies failed to replicate

this result in larger and multi-ethnic populations [9–11].

In an Italian sample of patients affected by sporadic

dementia, Lorenzi et al. [12] observed a significant

interaction between STH and 5-HTTLPR, as a potential

susceptibility factor for neurodegenerative diseases. More

recent studies focused on the possible role of STH gene

polymorphism on clinical phenotype and the course of the

disease. Borroni et al. [13] evaluated, by means of

SPECT, the correlation between the frontotemporal lobar

degeneration (FTLD) cerebral functional patterns and tau

haplotype, observing a greater anterior brain hypoperfu-

sion in carriers of the H2 haplotype, in linkage disequi-

librium with the STH G allele. Moreover, the same

haplotype was also associated to a worse prognosis in

patients affected by frontotemporal dementia [14].

Besides, hyperphosphorylated tau is a pathological finding

in Alzheimer disease and frontotemporal dementia [15,

16], neurofibrillary tangles density, even below the

threshold for a neuropathological diagnosis of AD; this

correlated with increased dementia severity in elderly

schizophrenia patients [17]. Therefore, factors regulating

the phosphorylation of tau protein are of interest, as they

are suggested to be involved also in major psychiatric

disorders [18, 19]. Tau is phosphorylated at specific sites

and its phosphorylation occurs after a highly orchestrated

cascade of intracellular reactions mediated largely by non-

receptor tyrosine kinases and regulated by multiple sig-

naling proteins [20]. Among the regulators of intracellular

tau phosphorylation, reelin, a high-affinity ligand of

integrin receptors involved in neurodevelopment, resulted

to inhibit tau phosphorylation [21]. Importantly,

diminished expression of reelin has been reported in

schizophrenia and other psychosis, raising the possibility

that decreases the inhibition of tau phosphorylation which

occurs in psychotic disorders and it could be a contrib-

uting pathogenic mechanism. In addition, data from ani-

mal studies suggest that hyperphosphorylated tau may

contribute to executive dysfunction and hypofrontality

[21, 22]. Given these evidence, it appears worth of

interest to study the possible role of the STH gene poly-

morphism in schizophrenia, a disease sharing both early

psychotic manifestations, both a core deficit of executive

functions and hypofrontality with frontotemporal lobe

dementia. Moreover it has recently been suggested by a

study on first-degree relatives of patients with FTLD that

the latter may share a common etiology with schizo-

phrenia [23].

To test the hypothesis of a possible role of STH poly-

morphism as a concurring factor of cognitive decline

among schizophrenic patients, we first compared STH

genotype frequencies between the patients affected by

schizophrenia, patients affected by frontotemporal

dementia and a control sample of healthy subjects, and then

analyzed the relationship between STH genotype and

executive performance among the patients affected by

schizophrenia.

Materials and methods

Sample

The study included: 220 biologically unrelated outpatients

meeting DSM-IV criteria for schizophrenia. All patients

with schizophrenia had to be treated with a stable dose of

the same antipsychotic in monotherapy for at least

3 months and to be responders (good response was defined

as a reduction of 30% or more in Positive and Negative

Syndrome Scale (PANSS) total score after 3 months of

treatment).

48 patients (29 M, 19 F), meeting Lund Manchester

(1994) diagnostic criteria for frontotemporal dementia,

with mean age and onset, respectively, 65.64 ± 8.99 and

61.50 ± 8.00.

47 healthy subjects (25 M, 22 F), with mean age of

81.61 ± 10.97 were used as a control sample.

All subjects provided informed consent to a protocol

approved by the local Ethical Committee and following the

principles of the Declaration of Helsinki.

Genotyping

A polymerase chain reaction (PCR) was performed with

the following primers: 50-CCC TGT AAA CTC TGA CCA
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CAC-30 and 50-ACA GGG AAG CTA CTT CCC ATG-30.
The PCR reaction was carried out by ABI 9700 PCR

thermal-cycler (Applied Biosystems, APPLERA) as fol-

lows: after a first step at 94�C for 3 min, steps of 94�C for

30 s, 60�C for 30 s, and 70�C for 30 s for 35 cycles. Then,

a final extension step at 70�C for 6 min was added. PCR

product was digested using HinfI (New England Biolabs,

England, UK) at 37�C overnight; fragments were separated

in 3% Seakem agarose gel with ethidium bromide. The

cleaved bands were visualized by ultraviolet light.

Depending on the presence of one or two restriction HinfI

sites, either two fragments 171 ? 55 bp (allele A or allele

Q) or three fragments 97 ? 74 ? 55 bp (allele G or allele

R) were produced.

Assessment

Only patients affected by schizophrenia were assessed.

Psychopathology was assessed by means of the PANSS

for schizophrenia [24] administered by a trained

psychiatrist.

Neuropsychological performances were assessed with

computerized Wisconsin Card Sorting Test (WCST), for

the evaluation of cognitive flexibility [25] administered by

a trained psychologist.

Basic clinical and demographic data were collected

from clinical reports.

Data analysis

Analysis of variance (ANOVA) was performed among

patients affected by schizophrenia, to examine genotype

group effects, with demographic characteristics and psy-

chopathological evaluations as dependent variables and

STH genotype as independent factor.

The Chi squared test was first used to compare allele

frequency among patients with diagnosis of schizophrenia,

frontotemporal dementia and healthy controls. We divided

the sample of patients affected by schizophrenia in two

subgroups, according to WCST performances, and com-

pared the ‘‘best performance’’ group (n = 44) with the

‘‘poor performance’’ group (n = 176), and also each

schizophrenia subgroup with both the frontotemporal

dementia group and the controls. Groups were divided by

means of a cut-off which separated the most impaired

patients from all the others, already used in previous

studies [26], and corresponding to 75th percentile of the

healthy subject’s performances distribution analyzed in a

previous work [27].

A multiple logistic regression was performed to further

analyze the STH genotype effect on executive functions

deficit in schizophrenia patients, taking into account pos-

sible confounding factors such as age and gender too.

Results

Descriptive analysis

DNA analysis showed the following allelic distribution:

136 subjects A/A, 75 A/G and 9 G/G for patients with

schizophrenia;

20 subjects A/A, 26 A/G and 2 G/G for patients with

frontotemporal dementia;

29 subjects A/A, 14 A/G and 4 G/G for healthy controls.

Because of the rarity of the G/G genotype, for analysis

we grouped subjects in A/A homozygous and G carriers, as

used in previous studies [1].

Table 1 shows demographic and clinical variables of the

patients with schizophrenia according to genotype groups.

No differences were found for any of the variables con-

sidered between groups.

Comparison analysis

We didn’t observe any significant difference in allelic

distribution between the healthy controls and all other

groups.

Among the sample of schizophrenia patients, we found a

significant difference in allelic distribution between the

‘‘best performance’’ group and the ‘‘poor performance’’

group (p = 0.044), with a higher frequency of G allele in

the ‘‘poor performance’’ group.

We found a significant difference also comparing the

‘‘best performance’’ subgroup of patients with schizo-

phrenia with the sample of patients with frontotemporal

dementia (p = 0.037) with a higher frequency of G allele

among the latter group.

There were no differences in frequency between patients

with frontotemporal dementia and the subgroup of

schizophrenia patients with a more deficitary performance.

Table 1 Demographic and clinical variables of the patients with

schizophrenia, according to STH genotype groups

AA G carriers ANOVA

Mean ± SD Mean ± SD

Age 34.47 ± 9.97 34.85 ± 9.07 NS

Sex 83 M, 53 F 57 M, 26 F

Onset 22.84 ± 6.56 23.81 ± 12.81 NS

Duration (years) 10.00 ± 15.53 10.52 ± 11.64 NS

Education (years) 10.98 ± 2.67 10.97 ± 2.83 NS

PANSS positive 17.47 ± 9.24 15.76 ± 5.07 NS

PANSS negative 20.26 ± 9.09 19.46 ± 6.99 NS

PANSS general 34.16 ± 11.34 31.42 ± 8.95 NS

PANSS total 72.50 ± 24.47 66.84 ± 19.15 NS
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The percentage genotype frequencies among the two

schizophrenia subgroups, the sample of patients with

frontotemporal dementia and the healthy controls group are

shown in Fig. 1.

Logistic regression

Among patients with SKZ, the logistic regression showed a

significant effect of STH genotype on executive functions

(p = 0.007), the G allele being associated with higher risk

of having more deficitary performances. The odds ratio

adjusted for age and gender was 4.09.

Discussion

To our knowledge, this is the first study to evaluate the

effect of STH polymorphism in a sample of patients

affected by schizophrenia.

Our results showed a significantly different distribution

of STH genotype between the ‘‘best performance’’ group of

patients with schizophrenia and both the ‘‘poor perfor-

mance’’ group of schizophrenia patients and the sample of

patients with frontotemporal dementia. Compared to the

‘‘best performance’’ group of patients with schizophrenia,

the G allele of STH resulted more frequently among both

the sample of patients with frontotemporal dementia and

the group of patients affected by schizophrenia with more

impaired performance of WCST, these latter groups

showing a similar genotype distribution. Finally, the allelic

frequencies observed in the healthy controls group were

not significantly different from any other group. Although

it is to notice that the sample size is too small to draw

conclusions, this last finding supports previous studies that

failed to report a significant association between the STH

genotype and frontotemporal lobe dementia risk [2, 28],

suggesting that the potential role on disease susceptibility

could be of minor relevance. However, the G allele of STH

gene was reported to be associated to worse prognosis and

more severe hypofrontality [13, 14], a pathological feature

common to both frontotemporal dementia and schizo-

phrenia. This evidence and our results lead to hypothesize

that the STH polymorphism may directly influence cogni-

tive functions across diagnosis, rather than being associated

with a specific disease.

Regarding the STH effect on executive functions, we

observed that among schizophrenia patients, the presence

of the G allele was a significant predictor of having more

deficitary performances of executive functions, when

stratified for age and gender too.

These results confirm the hypothesis of a possible con-

tribution of STH gene products on the heterogeneity of

core frontal executive functions deterioration. The G allele

seems to condition a more deficitary syndrome, probably

through complex interactions with mechanisms involved in

neurodevelopment and neurodegeneration. The ‘‘hypo-

frontality’’ interpretation of our results is supported by data

from Borroni et al. [14], showing an association between

the tau H2 haplotype (in linkage disequilibrium with the G

allele of STH) and greater anterior cerebral hypoperfusion,

including at the dorsolateral frontal cortex level, a critical

area known to present reduced efficiency in schizophrenia

and to be related to cognitive deficit, mainly of executive

functions [29].

The underlying mechanisms of this correlate are still

largely unknown; however, tau phosphorylation is likely to

be involved and could represent a point of convergence

between prominent neurodegenerative diseases such as

frontotemporal dementia, characterized by hyperphospho-

rylated tau finding, and more complex neurodevelopmental

and partially neurodegenerative diseases, such as schizo-

phrenia and other psychosis. The role of hyperphospho-

rylated tau in schizophrenia is suggested by reports of an

association between cognitive deterioration and the degree

of neurofibrillary tangles in elderly patients [17]. Further-

more, the hypothesis of a common etiology between

schizophrenia and dementia arises from evidence of an

higher morbid risk for schizophrenia in relatives of FTLD

probands [23]. An involvement of tau hyperphosphoryla-

tion in schizophrenia was recently hypothesized by Costa

Fig. 1 STH genotype frequencies. Percentage of STH genotype

frequencies among the two schizophrenia subgroups (BP ‘‘best

performances group’’, PP ‘‘poor performances group’’), the sample of

patients with frontotemporal dementia (FTD) and the healthy controls

group (HC). Significant differences were observed between BP

patients with schizophrenia and both PP patients (p = 0.044) and

FTD patients (p = 0.037)
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et al. [18], who reported reduced expression of reelin

among schizophrenia patients, resulting in decreased inhi-

bition of tau phosphorylation. Moreover, the reelin knock-

out mouse model shows impairments in tasks of executive

functions [30], suggesting a role of reelin and, therefore,

more complex balanced tau phosphorylation for correct

brain development in critical areas for executive functions.

In this view, it can be suggested that the STH polymor-

phism could tune the neuropathological process and con-

sequently modulate, among other factors, the degree of

neuropsychological deterioration in schizophrenia.

Our results are yet limited by the unbalanced sample

size between the two subgroups of patients affected by

schizophrenia, due to the higher frequency of patients with

poor performances. This is a naturalistic sample and

reflects the clinical reality of the distribution of perfor-

mances at WCST (mainly poor) among subjects affected

by schizophrenia [31].

Conclusions

These preliminary results suggest a possible contribution of

STH gene products on the heterogeneity of core frontal

executive functions deterioration, probably through com-

plex interactions with mechanism involved in neurodevel-

opment and neurodegeneration. More complex and

comprehensive studies, including a specific neurocognitive

assessment on patients affected by dementia, are worth on

larger samples, which might help in understanding the

possible physiopathological and prognostic value of this

polymorphism, and taking into account interactions with

other genes influencing the tau phosphorylation process.
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