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Abstract

Interaction between the hypothalamo—pituitary—adrenal axis and the serotonergic system is thought to be disrupted in chronic
fatigue syndrome (CFS) patients. We examined a serotonin transporter (5-HTT) gene promoter polymorphism, which affects the
transcriptional efficiency of 5-HTT, in 78 CFS patients using PCR amplification of the blood genomic DNA. A significant increase
of longer (L and XL) alleic variants was found in the CFS patients compared to the controls both by the genotype-wise and the
allele-wise analyses (both p < 0.05, by y? test and Fisher’s exact test). Attenuated concentration of extracellular serotonin due to

longer variants may cause higher susceptibility to CFS.
© 2003 Elsevier Inc. All rights reserved.
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Chronic fatigue syndrome (CFS) is defined as a
sensation of abnormally prolonged fatigue, according
to the guidelines of the US Centers for Disease Control
and Prevention [1]. Yet the precise pathophysiology is
unknown to date; cytokines, neuropeptides, or neuro-
transmitters are considered to be responsible for the
abnormal immune response and disrupted hypothal-
amo-—pituitary—adrenal (HPA) axis found in the pa-
tients [2-5]. Genetic backgrounds have been searched
widely, although they failed to find any candidate
genes.

Serotonin (5-hydroxytryptamine, 5-HT) modulates
diverse brain functions through interactions with 14
different 5-HT receptor subtypes and is known to reg-
ulate sleep, appetite, pain, and inflammation, all of
which are related to the symptoms of CFS. Several 5-HT
agonist challenge tests showed a disturbance of the
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5-HT-HPA axis interaction in the CFS patients, sug-
gesting the 5-HT involvement in the etiology of CFS
[2,6]. The complex 5-HT neuronal system is under a
bottleneck control by a single protein, 5-HT transporter
(5-HTT). By controlling reuptake of 5-HT from the
extracellular space, 5-HTT regulates the duration and
strength of the interactions between 5-HT and its
receptors.

A polymorphism within the 5-A¢¢ 5’ upstream region
(5-HTTLPR) has been reported, of which the majority
is composed of either 14 (S) or 16 (L) repetitive ele-
ments. In humans, although infrequent, 18 and 20 re-
petitive elements (XL) are also present [7-10]. An in
vitro transcriptional assay indicated that the activity of
the human 5-htt promoter is regulated by these poly-
morphic repetitive elements, resulting in differences in
the efficacy of 5-HTT reuptake among the allelic
variants [11].

In this study, we have investigated the 5-HTTLPR in
the CFS patients and the controls.
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Table 1
Comparison of genotype distribution and allele frequencies between the CFS patients and the control subjects
CFS patients Controls 1 test Fisher’s exact test
Genotype n=78 n =150 ¥* =7.887, p = 0.031 p=0.026
SIS 42 39
L/S 32 10
L/L 3 1
XL/L 1 0
Allele n =156 n =100 ¥> =17.233, p=0.016 p=0.012
S 116 88
L 39 12
XL 1 0

Subjects and methods

Seventy-eight patients (35.67 + 8.2 years old), who were treated in
the Osaka University Medical Hospital, were enrolled in this study. A
diagnosis of CFS was made based on the clinical criteria proposed by
Fukuda et al. [1]. Written informed consent was taken from each pa-
tient prior to the study, which was approved by the Ethical Commit-
tees of both Osaka University and Tsukuba University. For the age-
matched controls, 50 healthy volunteers (28.0 £8.4 years old) were
subjected to the study.

Genomic DNA was extracted from the whole blood using the Ge-
nomic DNA Isolation Reagent (Prepman Ultra, Applied Biosystems,
Foster City, CA, USA). The extracted DNA was amplified by a poly-
merase chain reaction (PCR) as described previously [10]. Oligonu-
cleotide primers flanking the S-HTTLPR and corresponding to the
nucleotide positions —1416 to —1397 (5-GGCGTTGCCGCTCTGAA
TGC) and -910 to —888 (5-GAGGGACTGAGCTGGACAACCAC)
of the 5-HTT gene 5'-flanking regulatory region were used to generate
484, 528, or 613 bp fragments, corresponding to the S, L, and XL alleles,
respectively. The resultant PCR products were visualized by a 2% aga-
rose gel electrophoresis followed by an ethidium bromide staining. The
genotype distribution and the allele frequencies of the S-HTTLPR were
statistically analyzed between the CFS patients and the controls by
Pearson’s y° test and Fisher’s exact test.

Results and discussion

As shown in Table 1, we have found significant dif-
ferences between the CFS patients and the controls both
by the genotype distribution (p < 0.05 by Pearson’s y?
test and Fisher’s exact test), and the allele frequencies
(p < 0.05 by Pearson’s »> test and Fisher’s exact test).
Since two other 5-HT related polymorphisms we have
studied, the 5-HT 2A receptor promoter polymorphism
and the 5-HTT intron 2 VNTR polymorphism, showed
no significant difference between the CFS patients and the
controls (data not shown), we speculate that S-HTTLPR
is closely linked to the pathophysiology of CFS.

The interaction between the HPA axis and the 5-HT
system is probably mediated partially by the 5-HTi4
receptors in the hippocampus and partially by the neu-
roendocrine activation by the serotonergic neurons in
the paraventricular nucleus or the hypothalamus. To
date, some replicated results of challenge tests with CFS
patients are reported, including enhanced prolactin
response to a selective 5-HT agonist, p-fenfluramine.

This indicates that a hypofunction of the 5-HT system
and/or a hypersensitivity of the serotonin receptors in
the brain may result in the irregular reactions in the
primary endocrine stress system in the pathophysiology
of CFS [2,6,12,13].

The L allele, which is more frequently observed in the
CES patients, is supposed to retain higher transcrip-
tional activity compared to the S allele [11,14]. This may
result in the lower concentration of 5-HT in the extra-
cellular space, namely, active 5-HT. To date, no func-
tional analysis of XL allele has been reported. However,
from our recent findings describing a strict association
between the longer variants and sudden infant death
syndrome [10], the functional alteration of the XL var-
iant as similar to the L variant is strongly suspected.

To our knowledge, this is the first reported genetic
linkage to CFS and it emphasizes the ‘5-HT system
dysfunction hypothesis’ when considering the etiology
of the disease. We postulate that the individuals carrying
the longer alleles are primarily susceptible to CFS, be-
cause of the relative hypofunction of the 5-HT system
due to the lower 5-HT concentration in the extracellular
space, compared to the ones with the short allele.

This hypothesis is also supported by our preliminary
observation of the trial of Selective Serotonin Reuptake
Inhibitor, fluvoxamine, for the treatment of 39 Japanese
patients with CFS. Twenty-eight out of the 39 patients
were free from side effects and were given fluvoxamine
for more than 2 months. Two patients were cured of
CFS after the treatment and 8 of them recovered enough
to return to work, suggesting that the serotonergic hy-
pofunction might be involved in at least a part of the
pathogenesis of CFS. As CFS is a relatively new and still
obscure syndrome, our present study is expected to be
applied to find a reliable biochemical marker, which has
not been established until now, and an effective treat-
ment for the disease.
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