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Abstract A possible relationship between human circa-

dian rhythmicity and polymorphisms in clock genes have

been documented. However, these data are controversial,

and studies both corroborating and denying them have been

reported. T3111C Clock polymorphism had been associated

with the human evening preference, however, this associa-

tion has not been confirmed. Moreover, C111G Per2 poly-

morphism has been associated with the ‘‘morning larks’’

chronotype in one study, not yet replicated. We have,

therefore, performed this study to evaluate whether Per2

C111G and Clock T3111C polymorphisms might influence

sleep circadian rhythmicity in a sample of 219 Italian vol-

unteers. A possible interaction between these polymor-

phisms was also investigated. No differences in Per2 C111G

and Clock T3111C allele and genotype frequencies were

found, and none of the combined Clock T3111C–Per2 C11G

genotypes resulted more frequent in one group compared to

the others. Present results do not support a role of these

polymorphisms in the circadian phenotypes.

Keywords Clock � Human circadian rhythmicity �
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Introduction

The basic functions of sleep are still unclear [1, 2]. In

recent years, genetic and molecular studies have became

very popular in many fields of science, including those

exploring both the physiology and pathology of sleep and

its disorders [3]. Furthermore, with the advent of the 24-h

society and associated modern lifestyles, the prevalence of

sleep disorders appears to be increasing. As the cost of

sleep-related problems is considerably high for the Western

countries, there is an increasing demand for finding genetic

factors in sleep pathology and sleep disorders. However,

differently from other fields of medicine, in which single

genes have been associated to specific diseases, identifying

a gene (or its product) involved in sleep physiology or

responsible for sleep disorders is quite a challenge and still

far from resolution due to the complexity of sleep structure

and of most of the sleep disorders [3].

The sleep-wake cycle is generated through both circadian

and homeostatic processes [1, 2]. Circadian rhythmicity is

an almost universal property observed in most organisms,

including some unicellular organisms. In mammals, the

suprachiasmatic nucleus is the main circadian oscillator.

‘‘Clock genes’’ are involved in the maintenance of about

24-h molecular oscillations by the circadian system, and

may regulate the sleep-wake cycle. The core of the biolog-

ical clock (central generator of the circadian rhythm) is

thought to consist of interactions of approximately ten clock

genes, including Per1/2/3, Cry 1/2, Bmal1, Clock, and

casein kinase 1 delta/epsilon (CK1d/e) [3]. Until recently,

the importance of circadian clock genes in human beings

was unclear, although, from rodent and drosophila studies,

there was a suspicion that genetic variation in circadian

period might explain why some people are ‘‘morning larks’’

while others are ‘‘night owls’’. In the past 10 years, several

groups have documented an association between particular

single nucleotide polymorphisms (SNPs) of some of the

clock genes and human circadian rhythmicity, even though

the results are contrasting and not always conclusive.

In particular, the T3111C of the Clock gene (GenBank

A. Choub � M. Mancuso (&) � F. Coppedè � A. LoGerfo �
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Accession No. NM_004898) has been associated with

‘‘night owls’’ chronotype by two groups [4, 5]; however,

other two groups did not confirm the association [6, 7].

Finally, the C111G of the Per2 gene (rs2304672) has been

associated with the ‘‘morning larks’’ chronotype in one study

[8], which has not been replicated so far.

In order to provide more insights in this field, we have

performed the present study to evaluate whether the Per2

C111G and Clock T3111C SNPs might influence the sleep

circadian rhythmicity in healthy Italian population.

In addition, a possible interaction between the two poly-

morphisms has been investigated.

Materials and methods

We analysed a sample of controls with similar geographic

origins (Caucasians of clear Italian origin). A total of 219 of

unrelated Italian volunteers subjects (105 males and 114

females, age range 22–56) were recruited at our Clinic.

To minimize the risk of ‘‘genetic contamination’’, which

could lead to false associations between gene markers and

chronotype, we were careful to enrol in the study only con-

trols of clear Italian origin (with at least four generations of

Italian-born relatives). The subjects were healthy people, not

related to each other and without family history of major sleep

disorders. All of them underwent complete blood test, to rule

out abnormalities which could have influenced their sleep

patterns (i.e. thyroid dysfunction, anemia etc.). Informed

written consent for genotype analysis was obtained from each

subject, before participation in the study. The study was

performed in accordance with the Declaration of Helsinki.

Each volunteer completed the Horne–Ostberg mor-

ningness-eveningness (ME) Italian questionnaire (MEQ)

[9, 10] to assess the ME preferences. Subjects with sleep

disorders were ruled out by a clinical interview, conducted

by experts in sleep medicine, which included the Pittsburgh

Sleep Quality Index (PSQI) [11] which evaluate nocturnal

sleep quality. Epworth Sleepiness Scale (ESS) was

administered to each participant to identify and eventually

exclude the subjects with excessive daytime sleepiness

suggestive of various sleep pathologies. The data were

collected throughout 1 year.

Genomic DNA was isolated from the whole blood sam-

ples using standard protocols. Genotyping for the Clock

T3111C polymorphism was performed with PCR–RFLP

technique according to the previously described protocol

[5]. Briefly, a 221 bp product was amplified using a set of

primers and, therefore, digested overnight with BSP12861

(New England Biolabs, USA). Digestion products were

visualized after electrophoresis on a 2% agarose gel con-

taining ethidium bromide. One uncut fragment is observed

in the case of wild type 3111T genotype, whereas in the

heterozygous samples three fragments can be observed and

two in the presence of the 3111CC genotype.

Genotyping for the Per2 C111G polymorphism was

performed by direct sequencing, as described [8]. Briefly,

a PCR product amplified using a specific set of primers has

been directly sequenced in an ABI Prism 310 Genetic

Analyzer (Perkin–Elmer Applied Biosystems, Foster City,

CA) following standard protocols.

Statistical analysis

The statistical analysis was performed using the SPSS 11.0

statistical package for Windows. To assess the differences in

allele distributions, and to verify Hardy–Weinberg equilib-

rium, we performed the Chi-square (v2) analysis. The dif-

ferences in allele and genotype frequencies were analyzed

between groups by 2 9 2 contingency tables using v2

analysis or Fisher’s exact test if one or more variables in

2 9 2 tables were\5. We used 2 9 2 contingency tables to

test for interactions between the studied polymorphisms.

Data were expressed as means ± SD. Difference in con-

tinuous variables between genders was compared by

unpaired two-tailed t testing, as well as between genotypes.

A P value\0.05 was considered as significant.

Results

From the original population of 219 volunteers, 32 did not

return the questionnaires, 10 refused to perform the genetic

testing after having completed the questionnaires and

having initially given the consent, 12 were eliminated from

the study on the basis of blood abnormalities which could

have influenced their sleep patterns (e.g. thyroid dysfunc-

tion or anemia), and, finally, 9 with ESS total score greater

than 10 (suggestive of excessive daytime sleepiness) were

excluded from the genetic analysis. Thus, from the original

sample, 156 healthy volunteers (104 females and 52 males;

mean age 33.1 ± 12.0 years) were analysed for the genetic

variants in both Clock and Per2 genes.

The Horne–Ostberg ME Italian questionnaire did not

significantly differ between genders (females 50.7 ± 11.0,

males 48.6 ± 10.6). Since there was no interaction between

gender and the outcome analyzed, both genders have been

mixed in the same sample.

Table 1 shows the ME preferences and sleep properties

of our population. The majority (51.9%) of the individuals

had no sleeping preferences (group I, intermediate), 21.2%

were ‘‘morning preference’’ (group M) and 26.9% ‘‘even-

ing preference’’ (group E).

Table 2 shows both allele and genotype frequencies of

the studied polymorphisms in the three groups under study.

Genotype frequencies conformed to Hardy–Weinberg
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expectations. We used group I as the reference category

and searched for differences in allele frequencies between

group M and group I, and between group E and group I,

respectively. We also searched for differences in allele

frequencies between group E and group M.

Concerning the Clock T3111C polymorphism, the 3111C

allele frequencies were 0.26 in group I, 0.25 in group M and

0.22 in group E (Table 2). Allele frequencies were closely

similar and the differences were not statistically significant

(P = 0.85, group M vs. group I; P = 0.64, group E vs. group

I; P = 0.47, group E vs. group M). No significant differences

have been observed in the distribution of genotype fre-

quencies between the groups (data not shown).

The frequency of the 111G allele of the Per2 C111G

polymorphism was higher in group I (0.12), respect to

group M (0.06) and group E (0.04). However, the differ-

ences were not statistically significant (P = 0.28, group M

vs. group I; P = 0.16, group E vs. group I; P = 1.00,

group M vs. group E). No significant differences have been

observed in the distribution of the Per2 C111G genotype

frequencies between the groups (data not shown).

We also tested for interactions between polymorphisms.

None of the combined Clock T3111C–Per2 C111G geno-

types resulted more frequent in one group compared to the

others (data not shown).

Because of the relatively small size of the groups, and

because the Horne–Ostberg ME scale is a continuous

variable (where ‘‘morning larks’’ are defined by higher

scores, and ‘‘night owls’’ by lower scores), we also com-

pared difference between principal genotypes by unpaired

two-tailed t testing. The Horne–Ostberg ME Italian ques-

tionnaire did not statistically significantly differ between

frequent Clock T3111C genotypes (wild type 48.9 ± 11.1,

3111C heterozygous 49.4 ± 10.5), as well as between

frequent Per2 C111G genotypes (wild type 49.0 ± 11.0,

111G heterozygous 50.7 ± 12.9).

Discussion

The circadian clock gives time-context to most physiologi-

cal processes and behaviours including sleep, and ensures

proper entrainment of internal rhythms to the daily light/dark

cycle. Therefore, the distribution of sleep over the 24-h day

is strongly determined by the circadian process [12]. Many

aspects of normal sleep as well as several sleep disorders

may have strong genetic components [12]. Mutagenesis has

been a successful technique for the identification of genes

that regulate circadian rhythms [12, 13]. I.e., in Clock-

mutant mice the relative increase in non-REM sleep after

sleep deprivation was the same as in wild type mice,

although non-REM sleep amount in baseline was reduced

[14]. Per2 mutations affected total sleep time, the timing of

sleep and the effects of light and dark on sleep patterns in

mice [12, 15].

Four previous reports have discussed whether the

T3111C Clock polymorphism correlated with ME prefer-

ences in humans. Katzenberg and co-workers [4] reported

that individuals homo- or hetero-zygous for the 3111C

allele had increased evening preference in comparison to

subjects with the 3111T/T genotype. Similar results were

reached in a Japanese study in 2005 [5]. In contrast,

Robilliard and colleagues [6] as well as Pedrazzoli et al. [7]

found no association between the 3111C allele and ME

preferences in their study populations of 105 and 161

subjects, respectively. In conclusion, it has been suggested

that inherited polymorphisms in the Clock gene might

influence the human circadian rhythm phenotype prefer-

ence, but this is still an unresolved question.

The C111G of the Per2 gene has been related to diurnal

preference in only one study involving 105 genotyped

subjects [8], but has not yet been replicated.

In contrast with some of the previous findings, no

association was found between the T3111C Clock and

Per2 C11G polymorphisms and ME in our study popu-

lation. Our study is the first performed in Italy, with a

well-characterized genetic population. In our Italian

cohort, we could replicate neither the results of Carpen

group [8], nor the positive findings reported by Katzenberg

[4] and Mishima [5].

The discrepancy in those findings might be in part due to

the population selection. 95% of the subjects in the Kat-

zenberg study derived from five different Caucasian ethnic

groups (German, British, Scandinavian, Central European,

Table 1 Morningness–eveningness preferences and sleep properties of the three groups

Group M (morning preference) I (intermediate) E (evening preference)

Male (M), Female (F) 10 M, 23F tot. 33 28 M, 53F tot. 81 15 M, 27F tot. 42

Age (mean ± SD) 34.6 ± 11.3 32.83 ± 11.06 33.13 ± 6.46

PSQI (mean ± SD) 4.29 ± 2.85 4.52 ± 2.71 4,63 ± 2.87

ESS (mean ± D) 6.03 ± 3.53 4.62 ± 2.67 5.27 ± 3.62

MEQ (mean ± SD) 60.6 ± 8.02 50.68 ± 4.82 35.25 ± 10.28

SD Standard deviation, PSQI Pittsburgh Sleep Quality Index, ESS Epworth Sleepiness Scale, MEQ Horne–Ostberg morningness–eveningness

questionnaire
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and Southern European), 77.6% in the Pedrazzoli study

were Caucasians with no data on the region(s) of origin,

whereas information about the ethnic background(s) of the

research population in the Robilliard study was not avail-

able at all. In the present study, to minimize the risk of

genetic contamination, we were careful to enrol only vol-

unteers of certain Italian origin.

Moreover, latitude could be a confounding factor that

influences the analysis of studies aimed at exploring the

association between ‘‘clock genes’’ variants and circadian

phenotypes [16]. Theoretically, the same polymorphism

could act differently in different individuals, or population

sharing the same genotype, depending on the latitude in

which those subjects live.

Although most of the circadian genes that constitute

the molecular circadian clock have been discovered via

direct molecular techniques and mutagenesis, these genes

alone do not explain the complexity of the observed cir-

cadian behaviour [12]. However, association studies of

‘‘clock genes’’ have focused on only one gene per time so

far [17]. Since these genes codify for proteins that interact

with each other, the combination of polymorphisms in

different clock genes could have a synergic or inhibitory

effect on the circadian phenotypes. We did investigate if

an interaction between these two SNPs and circadian

phenotype could be responsible for different chronotypes;

however, we failed to find any association. Thus, our

study seems to exclude a possible relationship between

these two SNPs and sleep circadian rhythmicity, at least

in Italian healthy population.

We are aware that our study was limited by the relatively

small size of the groups enrolled for the present study.

Multicenter studies involving large numbers of subjects will

be required to more definitively reveal the contribution, if

any, of these and other ‘‘clock genes’’ (i.e., PER3 [16])

variants in the diurnal/nocturnal preferences and sleep cir-

cadian rhythmicity in humans. Finally, latitude [16] and its

interaction with ‘‘clock genes’’ genotypes should be

investigated.
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