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Abstract: Objective: Whole human genome oligo microarrays were employed to systematically investigate the mRNA
expression profile of 5-HT synthetase, transporter, receptor, and factors in 5-HT signaling pathway in peripheral
blood karyocytes from pulmonary embolism (PE) patients. Methods: A total of 20 PE patients and 20 healthy sub-
jects matched in gender and age were recruited. The human genome microarrays were performed to detect the
mRNA expression profile of 5-HT synthetase, transporter, receptor, and factors in 5-HT signal pathway of two groups.
The random variance model corrected t-test was used for analysis. Results: Our results showed (1) tryptophan hy-
droxylase (TPH1)-related gene expression was markedly down-regulated in PE patients (P < 0.01); (2) monoamine
oxidases (MAO)-related gene (MAOB) expression was significantly up-regulated in PE patients (P < 0.01); (3) the
expression of 17 genes of 7 5-HT receptors showed a down-regulated tendency in PE patients, and significant differ-
ence was observed in the expression of HTR1E, HTR3B, HTR4 and HTR5A between them (P < 0.05); (4) the expres-
sion of DalDAG-GEF I, Tubby, PKA and EPAC in 5-HT signal pathways was dramatically up-regulated in PE patients (P
< 0.05); the expression of SPA1, RIAM, RAPL, Talin, PKC, PLC and Pyk2 was remarkably up-regulated in PE patients
(P < 0.05); (5) the expression of integrin genes ITGA2B, ITGB1 and ITGB3 was significantly up-regulated in PE pa-
tients (P < 0.05). Conclusion: In PE patients, the expression of TPH1 and HTR4 was down-regulated as a negative
feedback; the MAOB expression was up-regulated. Consistent with the expression of 5-HTR1E and 5-HTR4 and the
abnormally activated Tubby, the expression of integrins in platelets was activated.
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antipsychotic drugs, involve in the 5-HT func-
tion. This suggests that endogenous 5-HT and
its receptors and transporters may take part in
the occurrence of VTE. This study aimed to

Introduction

Both pulmonary embolism (PE) and deep
venous thrombosis (DVT) are known as venous

thromboembolism (VTE). It has become one
of the major health problems worldwide
because of its high incidence, high mortality
and high misdiagnose rate [7]. Strudsholm et al
found that psychiatric patients suffered higher
risk for VTE than healthy people in clinical prac-
tice [11, 18]. Dehydration, mental stress, and
physical restriction can increase this risk [12].
Antipsychotic drugs, especially antidepres-
sants, can increase the risk for VTE signifi-
cantly [1, 13, 17]. Study has showed that anti-
psychotic drugs in unclassified psychiatric
patients lead to an increase in the incidence of
VTE to 50% [2]. Selective serotonin reuptake
inhibitors (SSRIs) and 5-HT2A receptor inhibi-
tors, which serve as the most common clinical

investigate the differentially expressed genes
related to 5-HT between symptomatic PE
patients and healthy controls by using human
genome oligo microarrays.

Material and methods
Patients’ characteristics

Twenty patients with PE who were admitted in
2007 were recruited, and included 11 males
and 9 females, with an average age of 70 + 14
years (range: 44-89 years). PE was diagnosed
on the basis of at least 2 of following criteria: 1)
selective pulmonary arteriography shows a fill-
ing defect or blockage; 2) pulmonary ventilation
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Table 1. The detection rate of the chip

Number PE group (%) Control group (%)
1 72.95 65.92
2 74.38 68.84
3 67.07 69.81
4 68.40 59.48
5 71.58 51.26
6 69.38 74.05
7 63.84 72.95
8 68.44 65.91
9 65.04 57.45
10 71.51 71.96
11 79.63 67.08
12 66.69 70.22
13 70.68 67.78
14 68.51 57.38
15 71.03 69.97
16 66.91 66.88
17 73.34 64.67
18 7411 53.05
19 65.53 64.36
20 65.00 69.72

perfusion scanning exhibits single or multiple
blood flow perfusion defects with normal or
abnormal ventilation and mismatched ratio of
ventilation/perfusion; 3) there are other clinical
characteristics of PE, including a typical mani-
festation of PE, arterial blood gas analysis, and
D-dimer test, and ultrasound cardiogram (UCQG)
and chest computerized tomography (CT) sup-
port the diagnosis and exclude other cardiac
and pulmonary disorders. Another 20 healthy
subjects admitted in the same period were also
recruited as controls. These subjects had no
PE, DVT and other congenital bleeding and
thrombosis diseases. There were 11 males and
9 females with a mean age of 72 + 14 years
(range: 44-91 years). The demographics were
matched between 2 groups. This study was
approved by the Ethics Committee of our hospi-
tal and an informed consent was obtained from
each patient in accordance with the declara-
tion of Helsinki.

Total RNA isolation

A total of 5 ml of venous EDTA anti-coagulated
blood was obtained from patients of both
groups and mononuclear cells were isolated by
density gradient centrifugation. Red blood cell
lysis buffer (Qiagen, Hilden, Germany) was used
to isolate mononuclear cells and total RNA was
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extracted from mononuclear cells with TRIzol
(Invitrogen, Carlsbad, USA) fol-lowed by purifi-
cation with RNeasy column (QIAGEN). Treatment
with DNase was performed to avoid the influ-
ence by genomic DNA. Quantification of extract-
ed RNA was performed with Nanodrop ND-1000
spectrophotometer (Nanodrop Technology,
Cambridge, UK).

Gene expression clip

Agilent G4112A Whole Human Genome Oligo
Microarrays were purchased from Agilent (USA).
A microarray is composed of 44,290 spots
including 41675 genes or transcripts, 314 neg-
ative control spots, 1924 positive control spots
and 359 blank spots. The functions of more
than 70% of genes in the microarray have been
known. All patients of both groups were sub-
jected to microarray analysis.

Detection of gene expression

About 1 pg of total RNA was reversely tran-
scribed into double strand cDNA. After purifica-
tion, in vitro amplification was performed with
Agilent Low RNA Input Linear Amplification Kit
(Agilent, Pal alto, USA) and modified UTP
[@aUTP, 5-(3-aminoallyl)-UTP] was used to
replace UTP. The integrated aaUTP can interact
with Cy3 ester forming fluorescent products
which are then used for hybridization. The inte-
gration rate of fluorescence can be determined
with a NanodropND-1000 spectro-photometer.
Then, hybridization mixture was pre-pared with
Agilent oligonucleotide microarray in situ
hybridization plus kit. About 750 ng of fluores-
cent products were fragmented at 60°C and
hybridization was conducted in Human Whole-
Genome 60-mer oligo-chips (G4112F, Agilent
Technologies) at 60°C for 17 h at 10 rpm. After
hybridization, the chips were washed with
Agilent Gene Expression Wash Buffer accord-
ing to manufacturer’s instructions. Original sig-
nals were obtained Agilent scanner and Feature
Extraction software. The standardization of
original signals was carried out with RMA stan-
dardized method and standardized signal val-
ues were used for screening of differentially
expressed genes.

RT-PCR

The spots in the microarray were randomly
selected and their expressions were confirmed
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Figure 1. The intense fluorescence signal was uniform.

a stochastic variance model.
Differentially expressed genes
were identified from whole
genomes. Independent-Samples
T Test was used to compare
MRNA levels in samples from PE
patients and controls. Statistical
tests were performed using
SPSS 14.0, and p values < 0.05
were considered significant.
Before t test, test for equality of
variances was performed, if vari-
ances were not equal, t test

12 - EEm PE
[ Control result would be corrected.
Multiple linear regression analy-
210 *% sis was performed to determine
2 the correlation between expres-
= sions of various 5-HT mRNA and
- platelet membrane glycoprotein
g) i mRNA.
g . Results
o)
% 4 4 Gene expression clip results
g All patients of both groups
Z 21 were subjected to microarray
analysis. 40 Agilent G4112A
0 Whole Human Genome Oligo
TPH1 TPH2 SLCBA4 MAOA MAOCB Microarrays were employed in

Figure 2. The mRNA expressions of TPH, SERT and MAO showed that the
expressions of TPH1 and MAOB mRNA were regulated with significant dif-

ference (*P < 0.05, **P < 0.01).

by RT-PCR. Among genes with differential
expressions, 3 genes were randomly selected
and these genes and housekeeping gene
(GAPDH) were subjected to RT-PCR. The rela-
tive expressions were expressed as the expres-
sions of target genes normalized by that of
GAPDH (2-AACt). Melting curve and 2-AACt
method were used to compare the difference in
the expressions between control group and PE
group. Results from RT-PCR were consistent
with microarray analysis.

Statistical analysis

Agilent Feature extraction software was
used to collect original data from microarray
followed by analysis with robust multichip aver-
age (RMA). Results were expressed as average
+ standard deviation. Gene intensity data
between PE group and control group
were compared with t test after calibration with
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this study. Each of them was
conform to the quality control
standard. The experimental sys-
tem was stable. The intense
fluorescence signal was uni-
form. The detection rate of gene expression
was high with less coefficient variation (Table
1; Figure 1).

A total of 44 related genes were tested

When compared with controls, TPH1 expres-
sion was significantly down-regulated in periph-
eral blood (P < 0.01); TPH2 expression was
down-regulated with no significant difference (P
> 0.05); monoamine oxidase MAO related gene
MAOB was markedly up-regulated (P < 0.01);
the expressions of 5-HT transporter SERT and
monoamine oxidase MAO related gene MAOA
was up-regulated without statistically signifi-
cant difference (P > 0.05) in PE patients. The
MmRNA expressions of genes related to TPH,
SERT and MAO are showed in Figure 2.

When compared with controls, 17 genes of
7 5-HT receptors showed a down-regulated
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Normalized Signal Density
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tral neurons and 90% located in
intestinal pheochromocytoma) is

synthesized. Blood-brain barrier
* is not permeable to 5-HT, and so
the central nervous system and
peripheral tissues should be
seen as separate systems. There
are two subunits (TPH1 and
TPH2) in TPH. TPH1 is rate limit-
ing enzyme in the peripheral
5-HT synthesis. 5-HT was inacti-
vated after exhibiting its physio-
logical function, because the
accumulation of 5-HT may cause
toxicity and 5-HT receptor desen-
sitization. About 2/3 of 5-HT is

HTR1E HTR3B HTR4

Figure 3. The mRNA expression of genes related to 5-HT receptors showed
that the expressions of 4 genes (HTR1E, HTR3B, HTR4, and HTR5A) were
significantly down-regulated in PE patients (*P < 0.05, **P < 0.01).

tendency, and the expressions of 4 genes
(HTR1E, HTR3B, HTR4, and HTR5A) were sig-
nificantly down-regulated in PE patients (P <
0.05). The mRNA expressions of genes related
to HTR are showed in Figure 3.

When compared with control group, the expres-
sions of DalDAG-GEF I, Tubby, EPAC, and PKA
(factors in 5-HT receptor signaling pathway)
were down-regulated (P < 0.05), and the expres-
sions of PLCy, PLCB, SPA1, RIAM, RAPL, Talin,
PKC and Pyk2 were up-regulated (P < 0.05) in
PE patients. The mRNA expressions of genes
related to 5-HT receptor signaling pathway are
showed in Figure 4.

When compared with control group, the ex-
pressions of integrin a2B1 and a2bB3 related
genes (ITGB1, ITGB3 and ITGA2B) were up-reg-
ulated (P < 0.01) in PE patients, and the ITGA2
expression was comparable between two
groups (P > 0.05). The mRNA expressions of
genes related tointegrin a2pB1 and a«2bB3 are
showed in Figure 5.

Discussion

5-hydroxytryptamine (5-HT) is a monoami-
ne transmitter. A tryptophan was hydroxy-
lated into 5-Hydroxytryptophan by tryptophan
hydroxylase, and then dehydroxylated by
5-Hydroxytryptophan dehydroxylase, and finally
the 5-hydroxytryptamine (10% located in cen-
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degraded in the liver (together

HTRS5A with sulfuric acid or glucose) and

1/3 is degraded in the endothe-
lial cells (deaminized by MAO),
and then excreted though urine.
Some investigators have shown
that, in monkeys, MAOB takes a
major part in the 5-HT degradation. Our study
demonstrated that, in PE patients, TPH1
expression was down-regulated and MAOB
expression up-regulated. This suggests that
5-HT may be accumulated in PE patients.

SERT is 5-HT transporter. It locates on the sur-
face of neural cells, platelets, intestinal epithe-
lial cells, and pulmonary vascular endothelial
cells [14, 15]. SERT from epithelial cells and
endothelial cells transports 5-HT from periph-
eral tissues into cells for degradation. SERT
from platelets re-uptakes 5-HT. SERT is regu-
lated through multiple factors in vivo. Brenner
and his colleagues found the plasma 5-HT has
dual roles in the regulation of platelet mem-
brane SERT [4]. Plasma 5-HT may increase in
prehypertension, and so does platelet mem-
brane SERT. When during hypertension, plasma
5-HT further increases, but platelet membrane
SERT reduces. This suggests 5-HT can regulate
the platelet membrane SERT expression. Jess
et al foundthat PKC could phosphorylate SERT
after SERT combining with MARCKS protein of
macrophages [9]. This phenomenon leads 5-HT
re-uptake and exocytosis. Extracellular 5-HT
regulates PKC-dependent 5-HT. Benmansour
et alfound that SERT of intestinal epithelial
cells was up-regulated through the EGF-induced
activation of AP-1 [3]. Latorre et al showed
SERT of intestinal epithelial cells wasup-regu-
lated after P13K pathway activation by IL-10 at
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Figure 4. The mRNA expression of genes related to receptor signaling pathway showed that the expressions of
DalDAG-GEF |, Tubby, EPAC, and PKA (factors in 5-HT receptor signaling pathway) were down-regulated, and the
expressions of PLCy, PLC(, SPA1, RIAM, RAPL, Talin, PKC and Pyk2 were up-regulated in PE patients (*P < 0.05,

**P < 0.01).
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are 7 5-HT receptors in human
body which are G protein-cou-
pled receptors (except for
5-HT3R belonging to ligand-gat-
ed ion channel). 5-HT receptor
contains 7 transmembrane seg-
ments, 3 cytoplasmic loops, and
3 extracellular loops. Our study
demonstrated that the expres-
sion of all the 17 genes showed
a down-regulated tendency, and
significant difference in the
expression of HTR1E, HTR3B,
HTR4 and HTR5A was observed
between two groups. (1) HTR1E

*%

ITGA2 ITGB1

Figure 5. The mRNA expression of genes related to integrin a2B1 and
a2bB3 showed that the expressions of integrin a2B1 and a2bf3 related
genes (ITGB1, ITGB3 and ITGA2B) were up-regulated in PE patients, and
the ITGA2 expression was comparable between two groups (*P < 0.05,

**P < 0.01).

a high concentration [10]. Previous studies
have shown that multiple factors are involved in
the regulation of SERT in vivo. Our findings
showedthe expression of SERT related gene
was comparable between PE patients and con-
trols, whichsuggests the regulation of SERT is
related to multiple factors in vivo.

Plasma 5-HT can only exhibit physiological
functions after binding to 5-HT receptors. There
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ITGA2B

is a Gi protein-coupled receptor,
and mainly locates in cytoplasm
and on platelets. HTR1Ecan
cause a release of Ca%, IL-6, and
IL-8 after binding to 5-HT recep-
tors, which may suppress ade-
nylate cyclase (AC) and inhibit
CcAMP [20]. (2) HTR4 is a Gi pro-
tein-coupled receptor, and mainly locates in
platelets of peripheral tissues. HTR4 can acti-
vate AC, increase the cAMP synthesis, and ele-
vate the EPAC and PKA activities. (3) HTR2Ais a
Gq protein-coupled receptor, and mainly
locates in the platelets and livers. HTR2A can
induce signal transduction only with the help of
Tubby [16, 19]. After binding to 5-HT, HTR2A
can dehydrate PIP2 and release DAG, with the
help of Tubby and PLC. (4) HTR5A locates only

ITGB3

Int J Clin Exp Med 2015;8(1):512-518
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in the central nervous system [6]. HTR3B can-
not function as HTR3 without HTR3A, and sup-
press by Ca?* [8].

HTR1E, HTR2A and HTR4-activated Ca?*
release and activated DAG, EPAC and PKA may
up-regulate DalDAG-GEFI expression, resulting
in the activation of Rap-1. Rap-1 is Ras-related
small molecular GTP enzyme and a key protein
of the integrin “inside-out” signal pathway.
DalDAG-GEFI can activate Rap-1, and its down-
stream RIAM, RAPL. SPA1 protein effectors can
inactivate Rap-1. RIAM can regulate Talin. This
protein binds to the B subunit of integrin and
extends the B subunit through regulating cyto-
skeletal proteins (such as a-actinin). RAPL can
extend o subunit of integrin. These processes
can increase the affinity of integrin. In addition,
DAG can activate PKC and its downstream
Pyk2 (FAK family). Pyk2 can regulate PI3Kp in
the a2B1 signaling pathway. In this situation,
the combination of a and B subunit of a2b33
integrin is disrupted, a2bB3 is activated, and
thrombosis occurs [5].

Our study showed that the expression of Tubby,
DalDAG-GEFI, EPAC and PKA of 5-HT signal
pathway were down-regulated in PE patients as
a negative feedback, and the expression of its
downstream genes (SPA1, RIAM, RAPL, Talin,
PKC, Pyk2) was significantly up-regulated (P <
0.05), and that of ITGA2B, ITGB1, ITGB3 up-
regulated markedly (P < 0.01). This suggests
that 5-HT may be activated after binding to
5-HTR1E and HTR4 with the help of Tubby,
which activates related GPCRs and then the
key protein Rap-1 of the “inside-out” signaling
pathway. Finally, the a2bB3 signal pathway
(related to platelet aggregation) is activated; o
and 3 subunit then are extended, and the affin-
ity increases.

A study conducted from 1987 to 2009 showed
that family history was an important risk factor
of VTE [21]. Family aggregation of VTE has a
strong genetic characteristic. Genetic factors of
VTE are mainly the coagulation inhibiting pro-
tein mutation and procoagulant function
acquired-mutation, but they are very rare [21].
In a pilot study, investigators found that 193V
mutation of HTR2A gene in PE/DVT patients of
a VTE family. This mutation causes a 5-HTR2A
dysfunction. In 100 healthy people, HTR2A
DNA mutation was undetectable. This suggests
this kind of mutation holds a family history
characteristic. Our study showed that, in PE
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patients, plasma 5-HT at a high concentration
was detected but 5-HTR2A mRNA expression
remained unchanged, and HTR2A expression
was not up-regulated. This suggests that
HTR2Awas insensitive to high level peripheral
5-HT. This is similar in VTE family.

In the presence of high level 5-HT, Tubby
expression was up-regulated as a negative
feedback (P < 0.05) but 5-HTR2A remained
unchanged in PE patients. 5-HTR2A dysfunc-
tion or insensitive, despite of high level 5-HT,
may abnormally activate Tubby, and then acti-
vate a2bfB3 integrin signaling pathway, which is
a final common pathway of platelet aggregation
and increases the risk for venous thrombosis.
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