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ZF WES A F T Anti—CD42b+ A4 Al X" &3+ glycoprotein
[ bE #EA3to] 71AHQ noise HE d4HS FHUY] 918k o]
43192, anti—CD62P¥ PAC—12 Zt7} P—selectin expression %
activated GPIIb/Illa & S743st7] A3l AHE-st3itt.
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HF-2-S KXol epinephrine non—responder & &3 4 Qt}. & AY
Aol AAGS GRlstr] S8l JIEE 2 3] o] AE 2 HIS WY
stlow, A= 1 BaEs RISk

Epinephrine ] t™ 3t responder £ non—responder & &3&}o]
§58 aggregation JEE E7|e Ay, F o Atole] f2olgk wESA]
zkol7b EAQ S skl (Fig. 3A)
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3l epinephrine non—responder &= A3 thAleo] oF

o,

SSRI | 8§ A% ¥4 2 AJAx; el

SSRI 7} €a%t whgAdel vAl= dF= Fdshy] flsko], 444
dA3 SSRI (Fluoxetine 1 ¢M) %+ vehicle (DW) & 7}s] 10
%t incubation A]Zl ¥ neurotransmitter & 7}s] A9
aggregation W& F 53tk SSRI o 28t daw wE-gA o Wl
50 % 9] aggregation W5 ¥4©°7]=4 H Q3 epinephrine 9 &%
]l EC50 & 4= 7oz Hrsiaitt. A9 A3, i/ =E SSRI
Aol osk EC50 Watrp vhekebA vebds gleqitt. 449 A

SSRI o] 98] d4% aggregation HH-&-o] 74 (EC50 57 3%
om, JFo|x= 238 aggregation WHEo] FTUtEE RS FAT F
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sl srch

AL o= ez xjol7} EAeHE

SSRI B8] o8t $-8% A= ad
ATl = F 10 B $AE W e ® SSRI H&o o3t ¢&
9 A A5 ZIHE FAAH = AR A (week 0) A9
2,6 F+7F escitalopram & E&3l+=
i AE ¥ (week 6) 7.5 FHow FYA UA A&
(p=0.0005) (Table 1) x5 A HAM-D score & 7]5+°2, A& &
HAM-D 50% ©]’d A3t 4% responder & i 3 df, AA
3 ZF ok 16.6 % (1/6) 7} SSRI A& th3dt responder & &2l
AT} Non-responder & 83.3 % (5/6)Z &l H T} SSRI oFE A
oA EAAOZ 7Y E = response JEE ¢k 50~60% =, (Fava

2000; Spear, Heath—Chiozzi et al. 2001) ¥ AFoAE ¢ =&

response TAE 7]E3S T o)== A FHol AR £ Ad A, A
3hxLo] A9 Aoz W A ol wel Ay dyE dXA
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U d4as #2E A3sksltt. (Sweeney, Hoernig et al. 1989; Ho and
Chan 1995; Seyfert, Haubelt et al. 2007)

42l neurotransmitter © T3 WS Fol It
aggregation A% <9lo, GP IIb/lla &4 3} 2 P-selection ¥&d A%
ol Wigts #Fsl7] s APE @ Wit il A sk
agonist © G AHARE vigo R vy Po| HAFEE AA
asic.

1) DW : control

2) Serotonin 10 M

3) Epinephrine 1 M

4) Epinephrine 10 ¢ M

5) Epinephrine 1 M + Serotonin 10 M

6) Epinephrine 10 #M + Serotonin 10 ¢M

7) ADP 10 M

A% Aggregation A3 A WA

&5 A A, Aol AsE o] gl ALstld
aggregation A& A (Light transmittance aggregometer ; Chronolog,
USA & Y2 A&st=d F&7F 3t} olo] A3 aggregation RE

S =437l Y& microtiter plate (MTP) method (Armstrong,

oo

Truss et al. 2008; Chan, Armstrong et al. 2011; Bismuth—Evenzal,
Gonopolsky et al. 2012) $} particle count method (Jy, Horstman et
al. 1998; Satoh, Yatomi et al. 2002; Fox, Sasae et al. 2004;
Matzdorff and Voss 2006) & ={isiith A= =¥ APA= 7E
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o] LTA WM e7HAd A5ZEEs 1/6 =2 29 F A& ¥ ofY
2}, multiple screening ©| 7} 3ttt 8 S 7F2 . MTP metho

d
particle count method 7} 7]£9 LTA HiolAq Felygu

L-2= 31x}9] Ao neurotransmitter = 7S wj, &

b
e
1o

aggregation H®hgo] dojuy= AS FAsHSIth. (Fig. 6) 7A¥E=E
Ibs-Ado]l =27 Yerst o, o]t 7)Q1xk

= aggregation WS B olug} GP Ib/lla @43} 2 P-selectin 2

ok
U:

neurotransmitter ©l tf

g Jrodx FHeE ). (Fig. 6) Aggregation @ GP IIb/lla &4
3} 4 P—selectin ¥d AEE 7y 4 w49 AfolE I uky

s, ZF A %9 R3S 22 AT = BHAdd. (Fig. 7)

$E5 @A4E Y 2=E SSRI o J& 4w WA

et

SRI (escitalopram) & AAg 3fo] 4
=

d%F F5+ F 50nM (20~125nM, 100mg/day & A etal && A

R

ol

S
I vESA o] R E= QS #Q13Sit). Escitalopram < &

) o (Atar, Malinin et al. 2007), ¥ A3 o)X+ therapeutic range

Z sty dAFof escitalopram 200 nM & 60 & 7F AAg 3 &
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Figure 1. Platelet aggregation induced by neurotransmitters. Platelet

rich plasma (PRP) from healthy volunteers were undergone
aggregation reaction described in Materials and Methods. (A)
Aggregation induced by epinephrine or serotonin. (B) Serotonin
potentiate aggregation reaction induced by epinephrine. Values are
the mean = SEM of three to five independent experiments. *
represents significant differences from epinephrine alone (white bar)

(p <0.05).
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Figure 2. Individual variation in platelet response to

neurotransmitters.

PRP from 20 healthy volunteers were undergone aggregation as

described in Materials and Methods. Epinephrine (0.1-100 z«M)

was used as an agonist. Values are the mean of two to three

independent experiments.
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Figure 3. Platelet response to neurotransmitters. (Healthy volunteers)
(A) 20 healthy volunteers were divided into two groups : responder
to epinephrine (black) vs. non—responder to epinephrine (white).
(B) Non-responder to Epinephrine are characterized as low
aggregation reaction (below 40 %) induced by high concentration of
epinephrine (up to 100 #M). Values are the mean * SEM of
independent experiments. * represents significant differences
between responder to epinephrine (black) and non—responder to

epinephrine (white) (p < 0.05).
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Figure 4. Platelet Response to SSRI. (Healthy volunteer)

After incubation with SSRI (Fluoxetine 1 M) for 10 min at 37 C,
platelets were applied to aggregation reaction as described In
Materials and Methods. Effect of SSRI was determined in a change
of EC50 of epinephrine. Each point represents EC50 of a healthy
volunteer with or without incubation with SSRI. White points (above
a diagonal line) means increased EC5H0 (decreased aggregation

reaction) by SSRI incubation.
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Figure 5. Optimization of platelet aggregation methods.

Microtiter plate (MTP) method, particle count method and light
transmittance aggregometer (LTA) showed similar results for
aggregation reaction induced by epinephrine and serotonin ; S
(Serotonin 10 M), E1 (Epinephrine 1 M), E10 (Epinephrine 10
M), ES1 (Epinephrine 1 M + Serotonin 10 M), ES10
(Epinephrine 10 M + Serotonin 10 g£M). Values are the mean T

SEM of four to ten independent experiments.
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Figure 6. Platelet response to neurotransmitters. (Depression
patients)

[solated platelets from depression patient were applied to
aggregation, GPIIb/Illa activation and P—selectin expression assay
induced by neurotransmitters ; S (Serotonin 10xM), El1
(Epinephrine 1 M), E10 (Epinephrine 10 M), ES1 (Epinephrine
1 M + Serotonin 10 M), ES10 (Epinephrine 10 M +
Serotonin 10 ¢ M). Each point represents of the platelet response
of a patient. Red points show lower platelet responses of some

patients.
23



&P lb/llla (% gated)

—_
)
]
@
o
(=)
S
s
=
o
U]

P libfiiia (% gated)

GP lib/illa (% gated)

s o

2]

1| (b

-1 H

-2 1|

-3 L’;.________
T
Slectin Meq

Figure 7. Platelet response to neurotransmitters.

Experimental results of isolated platelets from depression patient

were presented ; platelet aggregation(particle count method), P—
selectin expression,

standardized

b

GPIb/llla activation.

represents of the platelet response of a patient.
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Figure 8. Platelet response to SSRI. (Depression patients)

Isolated platelets from depression patient were applied the
experiment to measure the effect of SSRI to platelet response.
After incubation with SSRI (Escitalopram 200 nM) for 60 min at
37 C, aggregation, GPIIb/Illa activation and P—selectin expression
induced by neurotransmitters were measured. ; S (Serotonin 10 g
M), E1 (Epinephrine 1 M), E10 (Epinephrine 10xM), ESI
(Epinephrine 1 #M + Serotonin 10 M), ES10 (Epinephrine 10 g
M + Serotonin 10 x£M). Each point represents of the inhibition
effect (%) of SSRI for platelet response. Red points show lower

inhibition effect of SSRI of some patients.
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? Reduction of aggregation (induced by epinephrine 1 #M, particle count
method) due to preincubation of SSRI
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Note.

® Aggregation (induced by epinephrine 10 M and serotonin 10 gM,
particle count method);

> Reduction of GPIIb/Ila activation (induced by epinephrine 10 #M and
serotonin 10 M) due to preincubation of SSRI;

¢ GPIb/Ila activation (Mean; induced by epinephrine 1 M and serotonin
10 #M);

¢ GPIb/lla activation (Mean; induced by epinephrine 10 £M and
serotonin 10 ¢ M);

¢ GPIIb/Ila activation (Mean; induced by serotonin 10 M, preincubation
of SSRID) ;

' GPIIb/Mla activation (Mean; induced by epinephrine 10 M and
serotonin 10 ¢ M, preincubation of SSRI) ;

¢ P—selectin expression (% —gated; induced by serotonin 10 gz M);

" P—gselectin expression (%—gated; induced by epinephrine 10 M and
serotonin 10 g M, preincubation of SSRI);

I P—selectin expression (Mean; induced by epinephrine 10 #M and
serotonin 10 x£M);

I P—selectin expression (Mean; induced by serotonin 10 zM,
preincubation of SSRI);

K P—selectin expression (Mean; induced by epinephrine 10 M and
serotonin 10 ¢ M, preincubation of SSRI)

28



Table 1. Characteristics of Patients

n Mean Range
Age 66.8 (47-75)
Gender Male 3
Female 7
HAM-D score Week 0 19.4 (11-24)
Week 6° 7.5 (5-13)

Note. * HAM-D score of week 6 (n=6)

Table. 2. Relationship between initial severity of depression and platelet

response.
18.
Pearson Coefficient .66*
Regression Coefficient ~ -41%
HAM-DO F 6.34*
R’ 44

Note. * p <.05. **p<.0l.
* Reduction of aggregation (induced by epinephrine 1uM, particle count method)
due to preincubation of SSRI
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Table 3. Relationship between clinical improvement of SSRI treatment and platelet response.

la 2b 30 4d Se 6f
Pearson Coefficient 89 92 97 94% 89% 94%
AHAM-D Regression Coefficient 87* 6.65* 7.41%* 3.52% 4.29% 6.56*
(%) F 15.10%* 16.14%* 56.30%* 24.73% 11.31% 21.83%
R? 79 .84 95 .89 79 .88
78 8" 9! 10/ 11"
Pearson Coefficient 88%* .90* .90%* .93* 03*
AHAM-D Regression Coefficient 33.56* 70%* 1.21%* 12.92* 1.44%*
(%) F 10.49* 12.56* 12.06* 18.68* 18.90*
R? 78 81 .80 .86 86

Note. * p <.05. **p<.01.

* Aggregation (induced by epinephrine 10 puM and serotonin 10 pM, particle count method);

® Reduction of GP Il b/Illa activation (%-gated; induced by epinephrine 10 uM and serotonin 10 uM) due to preincubation of SSRI;
¢ GP I b/Illa activation (Mean; induced by epinephrine 1 uM and serotonin 10 uM);

¢ GP I b/Ila activation (Mean; induced by epinephrine 10 uM and serotonin 10 uM);

® GP Il b/Illa activation (Mean; induced by serotonin 10 uM, preincubation of SSRI) ;

"GP Il b/I1la activation (Mean; induced by epinephrine 10 uM and serotonin 10 puM, preincubation of SSRI) ;
£ P-selectin expression (%-gated; induced by serotonin 10 uM);

" P-selectin expression (%-gated; induced by epinephrine 10 pM and serotonin 10 uM, preincubation of SSRI)
' P-selectin expression (Mean; induced by epinephrine 10 pM and serotonin 10 pM);

I P-selectin expression (Mean; induced by serotonin 10 uM, preincubation of SSRI);

¥ P-selectin expression (Mean; induced by epinephrine 10 uM and serotonin 10 uM, preincubation of SSRI);
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213t peripheral model & F& dro} gfom Az ¢

=% SAA A RESAdo] AR ETE o] A&EHoR B
mASEIAi=3
o AFolA = A Ve 2 AHE M 2 igd JoE )
¥ = Aggregation /&5 4xF H7MA = AAHN S, agonist =
+ neurotransmitter ©|™ ¥4 o] 39 receptor & 7HAAL Q=
serotonin #} epinephrine & A743}%lth. Serotonin <& SSRI ¢ F8Q
target 2 neurotransmitter =, A%+ serotonin receptor 2
transporter 7F EASto] WA FES} v 54 A, dawS F
o o] serotonin & AFITIE LF A=Se] el &H|Eko]
aggregation 2 A% 7]zl H3FS FA Hr. Serotonin & AAZE
+ weak agonist 24, @ HESAES YER 7] wiEe] (Vanags,
Rodgers et al. 1992) ¥ 213 oA += epinephrine & ] g3l &
23 WES9] potentiation & %33t Epinephrine < 439
aggregation & 53+ agonist & ZFE3by, (Mills and Roberts

1967) serotonin ¥ A #2 5-HT2A receptor & affinity o] ¥&FS

FA O™ maximum response += % 7FAl#A, serotonin ° 293 &
2% HSS #E37] golahA dtbal X arE o] lth. (Shah and Saeed

1995; Shimbo, Child et al. 2002) E3F, o8] d-o| A4 epinephrine °I
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°J%k aggregation Rb-go] A4 7159 JiQIAtE &t TR

AxE 2E3ths Abdo] BaEial §lo], $&5 xtelA A vbE
Aol Jfe1 xS H71E=H epinephrine ©] A A3t agonist & o] €E F
AJ& Aoz Atz "y, (Nakahashi, Kambayashi et al. 2001; Shimbo,

Child et al. 2002; Yee, Sun et al. 2005; Zhou and Schmaier 2005;
Yee, Bergeron et al. 2006; Kunicki and Nugent 2010)

oA gAele duer A¥ s A}, serotonin I
epinephrine ©l 2]3F potentiation = &Rl on o]l nHlEg o R
serotonin % epinephrine & ©]&3t aggregation g A A
epinephrine © t]gt 4% aggregation ¥H-&of 7IAx7F S-S &2
3}t Epinephrine 1~100 ¢ M & 43 AR W ¢k 30%
oA e WEAS UErRHoH, o] =l W dEQlSs e E &
71E A A#e} vk Aot (Kambayashi, Shinoki et al. 1996;
Nakamura, Ariyoshi et al. 1997; Pyo, Yun—Choi et al. 2003) <!

o /] &<ldt serotonin % epinephrine & A% H-AdS wlE

(o
[

T 2] awE o] &3 HF oA aggregation HEE B HAR

e

activation marker Q1 P—selectin expression, GPIIb/Illa activation

el AEL AW

3, 94 g ARt EATS S,
SSRI & %88 @4

4
oA A Tl <LHA Ao =5 AR AF 4o SERT

-
(o]

activity (Axelson, Perel et al. 2005; Fisar, Kalisova et al. 2008) %

AL aggregation, P—selectin expression &2 ¥4 % activation
marker ¢ ®&o] At = AG7F A3yt HaiEo] QY (Maurer—
Spurej, Pittendreigh et al. 2004; McCloskey, Postolache et al. 2008;
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Bismuth—Evenzal, Gonopolsky et al. 2012) X3l AdX AFoixE= o

st A2 HF3A W37 mood disorder X Z oA SSRI o] A&

a
= monitoring sh=t T3 ARXE AL F UASS AASHL Slth

(Fisar, KaliSova et al. 2008) ©]+= SSRI ¢ 9J3t "4

me
1o
rE
oo
o,
i3
Loty

= =5l 984 AR Ao dAde THRve A= AlAbeRH,

SSRI o] 93 dast W34 W3kE &8 =5 A5mARE A58t

SSRI of 9z d4d w4 W37l FAH o, aggregation Y
activation & GAA|ZIth= o] & A Qlt}. (Serebruany, Gurbel et
al. 2001; Maurer—Spurej, Pittendreigh et al. 2004; Galan, Lopez—
Vilchez et al. 2009) in vitro °|4] SSRI Aol oJst & Ave] wkg-
d ®stel, Al SSRI & HEFE W 4 =5 A5 AH4E H
Aot AT A= obF WelglA ko, ofo] E Aol AAl

TS SHAbelA oY d FHdAE ddstaAt el G4 4

=]
RUS

=l

S U e® SSRI Q! fluoxetine = HAHE 3¢lS w i
aggregation ol W3s}7} YElo ™, oju] 7j¥E =2
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(~

A M SSRI 7} davte] nx= @&l NAx7E EATS 2let
3.

o ATeM e, dave vk TiRIxkE gl 9l
aggregation(MTP method % particle count method), GPIIb/Illa &
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Abstract

Development of functional prediction marker

for SSRIs response capitalizing on platelets

Park Sojin
Preventive Pharmacology, College of Pharmacy
The Graduate School

Seoul National University

Dysregulation of neurotransmitters is one of the major causes of depression.
Selective serotonin reuptake inhibitors (SSRIs), the most prescribed drug for the
treatment of depression, suppress reuptake of serotonin through blocking serotonin
transporters (SERT) in pre-synaptic neurons. SSRIs are widely used but some
patients do not get any clinical improvement from treatment. To sort out non-
responders to SSRIs before taking medicine, many efforts have been made to
develop prediction marker for SSRI responsiveness. Platelets have been frequently
investigated as a potential peripheral marker to predict neuronal functions, because
platelets and neurons share many points (i.e., SERT, serotonin receptor and
adrenergic receptors) in common.

Here, we presumed that platelets could be a peripheral marker to predict SSRI
responsiveness. Especially, we hypothesized that differences in platelet
physiological function could be linked to different neurological features in the
depression treatments. To estimate physiological function of platelet, platelet

aggregation, GP Il b/Illa and P-selectin expression were detected using platelet

from healthy volunteers and depression patients. Serotonin and epinephrine were
40



used as agonists for aggregation reaction. PRP were pre-incubated with or without
SSRI. There were marked differences in individual aggregation reactions, i.e., the
extent of aggregation induced by epinephrine and attenuation of aggregation by
SSRI preincubation.

Reliable correlation between clinical improvement of patient and some kind of
platelet response were detected. With this study, we found possibility for
development of functional prediction marker of SSRI treatment, capitalizing on

platelet response.

Key words : Platelet, Serotonin reuptake inhibitor, Depression,

Epinephrine, Serotonin, Aggregation
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