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Increased Intracellular Reactive Oxygen Spe-
cies in Peripheral Blood Mononuclear Cells
from Renal Transplant Recipients with De-
creased Graft Function
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University Wonju College of Medicine, Wonju, Korea

Purpose: Oxidative stress plays an important role in the
development and progression of renal injury. However, the
role of reactive oxygen species (ROS) in renal allograft
dysfunction is not clear. The present study examined the
level of intracellular ROS in healthy control (kidney donor,
n=37), end-stage renal disease (ESRD) patients (n=36),
transplant recipients with serum creatinine (Scr) less than 1.5
mg% (n=33), and recipients with Scr between 1.5 and 5.0
mg% (n=36) at least one year after renal transplantation.
Methods: Peripheral blood mononuclear cells (PBMC) were
isolated by Ficoll-Hypaque ~gradient method. Dichlorof-
luorescein (DCF)-sensitive ROS was measured by flow Cyto-
metry and expressed as an arbitrary unit. Results: Basal ROS
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production in PBMC was significantly increased in ESRD
patients compared to healthy control. Basal ROS production
in ‘both transplant patient groups was not significantly
different . from - healthy = control, Phorbol-12-myristate-13-
acetate (PMA) and hydrogen peroxide significantly enhanced
intraceliufar ROS in all 4 groups. PMA- and hydrogen
peroxide-induced cellular ROS was significantly . higher in
renal recipients with Scr between 1.5 and 5.0: mg% than in
both healthy confrol and patients with Scr below 1.5 mg%.
In regression analysis all, PMA- and ‘hydrogen peroxide-
induced as well as basal intracellular ROS in PBMC was
correlated with Scr. Conclusion: Our results demonstrate
that oxidative stress correlates with the declining of renal
graft function. (J Korean Soc Transplant 2003;17:131-136)
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Alo]4] & whAlsis ghA] o] A]Al 7]5F-& F(chronic
allograft nephropathy)-& o] 4} 41} #A7] AEE Asetes F
5 a4z &g We 442 g7 8 (transplant arter-
josclerosis), A-§3H(fibrosis) 9 A7 7 #F(glomerulos-
cleorsis) 52 & ¥ " & lch() gHA ol A4l 71554 9l
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"tz o} cl#l 7t (peripheral blood mononuclear cells):= <3
Skl fojste 78 AZZA A 3}EY SAALSF
= BHlEAY g3 WA Lol FaElo) 24 HE §¢
Hi AAEE E3ete] FAANANAEA LI A4S
gt AAZ dRRIET Yo dugiale] srxdd o
Wl A 2B A7 R Rt gle G
8 hzToll vlste] F7tso] Qlof, () Tx o a7
olA1 8] A3y e St e A E7 2 5 9
=& A Yet

B Aol AAol 4] Bhtol| A ol gl Lol 4]
G AE N GAREER A7 5] ARAAE st
Aol 4] X 1doe] Aotd 3AE Ul o g sle] €A =)
oteld T 1.5 mg%E VI F O E FEste], Ty chey
T AA GAAESE S5, DY deTE v
38 g5 AZY g4ALEE F7MA91 = PMASH
hydrogen peroxideZ A3 & FAALES ZA319ic).
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ARG Aol 4 F 19 o4 BT A tiate
2 3lo] 8 Aaoleld 15 mg% S 7|Fog 2707 B
Q

Feotsler, 47151 & SJste] 9 AAAS Ltz
To.2, Aol A& flste] AU FAE DI AR A

Tog sqich
— i REFCR7FolA): 037
— o] dzHEA Zdloteld 15 mg% v n=33
- WIARA AL EINAA A, 9A Fdoled
5.0 mg% ©o]4h): n=36
— o4 AL(EH Zdloteld 1.5 mg% o]4): n=36
2) BEEY BT 23
Hxdd ghelto] B2l Hofmann £(/2)¢] Ficoll-
Hypaque gradient ¥} © 2 ) 84912, 7hekeba o83} 7
o st oz AE A gel AT Yoy 10 mLE ]
& Ficoll-Hypaque plus £ 5 mLo] Soj gl A8 o] 4ol
A REF RolF &, ol A 2,800 pm o g 20587 A E
Pelglet HxgY ST 499 52 Belelod Hank's
balanced salt solution (HBSS; GIBCO BRL. Gaithersburg, MD,
USA)E A4sto] 33] AMe = Aol ALsisirh

Table 1. Clinical and biochemical characteristics of subjects

Healthy ESRD patinets Trapsplant Trapsplant
control before ‘ recipients recipients
transplantation (Scr<1.5) ((Ser>1.5)
Number of patients 37 36 33 36
Sex ratio M/F (%) 18/19 (48.6/51.4%) 18/18 (50/50%) 21/12 (63.6/36.4%) 25/11 (69.4/30.6%)
Age 32.62+14.99 39.06+12.15 47.8+10.86 40.19+11.29
Serum creatinine (mg/dl) 0.90+0.23 9.79+3.48 1.13+0.19 2.54+1.34
Relation (%)
Related (lhaplo-identical) 14 (42.4%) 21 (58.3%)
Related (2haplo-identical) 5 (15.2%) 4 (11.1%)
Unrelated 14 (42.4%) 11 (30.6%)
Body mass index (HZ/W) 466.41+107.37 497.55+61.27 471.98+113.71
Acute rejection episode within the
first 3 :nonths: number of patients (%) 6 (18.2%) o (25%)
Immunos uppressive treatment
CSAJFKS06 (%) 28/5 (84.8/15.2%) 34/2 (94.4/5.6%)
Pre-transplant Dialysis (%)
No dialysis 5 (13.9%) 3 9.1%) 4 (11.1%)
Hemodialysis 23 (63.9%) 24 (72.7%) 25 (69.4%)
Peritoneal dialysis 8 (22.2%) 6 (18.2%) 7 (19.5%)
Duration of dialysis (months) 32.25+49.72 18.73+25.55 8.14+16.8
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3) BETY BT ME L} fMLR &

Bt w2yl st = hemocytometer & AbE3lo] 1
X 10° cells/mlo] 5] £.5 28 ¥ Aslol] W7k YPd g
9l 5-(and-6)-chloromethyl-2’,7’-dichlorodihydrofluorescein di-
acetate (DCFH-DA; Molecular probe, Eugene, Oregon, U.S.A.)
5uME Hrbsto] 2087 37°C Al Eujkr]oll whxlslsich
AFENE §-U5A ¢4 DCFH-DAE A A% s HBSS
Z Ho]& F flow cytometry (Becton Dickinson Immunocy-
tometry system, Mountain View, CA, U.S.A)& exitation 488
nm, emission 534 nmol| 4] ¥ F-& SAsto] AE W A4
£%5E EASU N2 T o2 A ) G444LSS
458 4 9+ phorbol-12-myristate-13-acetate (PMA; Sigma
Chemical Company, St. Louis, MO, U.S.A.) 80 nM®} hydrogen
peroxide (Junsei, Tokyo, Japan) 100 uM-E A A42F 7
1583 58 ol 7tz A=islHdct.

4) EAXzZ|

gy AT AGLEFY FAHA = “% Fmean)
+ % 2 X(standard error)” 2 YELI L 32, 342} <14} )
ApelA A E = “#F F(mean) + F5= 3 X}(standard deviation)”
o2 vetidek 74 7 7+ FAIGARI vlze BAEA
(ANOVA)3} Student’s t-testE Al 2o}l 3, AEW A A4
Z3t €A FZdloteldate] 4RRAE 3724 (regression
analysis)g o| &3}e] Pgto] 0.05 w]ikel 7ol f-2j4 ol o
< ALE A
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7+ A7 ER715U 894 adoleld 58 Ay
thE A FoA FAgHZ o8 Zolt gl

2) 7| MAEROIAM 2t T2t AEEY BEPol M LY
HMMAR HT

7\ A el e &4 AEFHL UdE HZF(6.5310.25)
ofl ul#l L7 AFA 3AHT(8.6410.99)l 4 §-28lA F7}
9P <0.05), o]4 ZF(7.30+0.59)F} o] T
(7090278 Ut 273} Ho|7} §iglthP>0.05, Fig
1A). 3| AEAE A1P8 Azt dag ol o A2 &
Aiazas g 829 ¥44 goled 5L §%
ABHA7E AP <0.05, R*=0.0861, Fig 1B).

3) PMAS} hydrogen peroxide §£0{ ¥ 2} P72} &%
e e POl ME W SMMAF HD

PMA 80 nM3} hydrogen peroxide 100 4M-S- & Fojj 4]
gagd oo A o G4I4EFS FAHLE §9
A AgzA $9cHP <0.05).

PMA$} hydrogen peroxide 50§ 3 zbz} wtzx# of chall 7
o] AIE W A4S A7 ARA 3AT(23.54 £2.19,
21.63+1.69)0l]4] Auk thz7(15.62+1.15, 13.08+0.74)0l]
ulal felekA F71sh AP <0.05), o4 FHAT(22.62+
251, 20.57+1.25)0l1 4+ ¥l 2 F(15.62+1.15, 13.08+
0.74)0] } o] 4] thzF(16.31+1.84, 16.56 +0.68)ol] H]3l &
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Fig. 1. Basal intercellular ROS in PBMC of each group. (A) Spontaneous ROS in PBMC. Data are presented as the mean + SE of 33~38
experiments. *P<0.05 vs. healthy control. (B) Relationship between spontaneous ROS and serum creatinine level (P < 0.05,

R*=0.0861, Y=6.4625+0.1614X).
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Fig. 2. PMA-induced intercellular ROS in PBMC of each group. (A) PMA-induced ROS in PBMC. Data are presented as the mean +
SE of 33~38 experiments. *P <0.05 vs. healthy control. "P<0.05 vs transplant recipients (Scr<1.5). (B) Relationship between
intracellular ROS and serum creatinine level (P<0.05, R*=0.0481, Y=16.833+0.6122X).

30.0 1

N

a

o
t

20.0

DCF-sensitive ROS

0.0 T
Healthy
control

T 1

T
Transplant  Transplant
recipients recipients
(Scr<1.5) (Scrz1.5)

ESRD
patients

B
60
L 4
[%2}
@]
i
o
(]
(]
3
el
£
I
o
N
I
0] T T T T T

T T T T 1
0 2 4 6 8 10 12 14 16 18 20

Serum creatinine level

Fig. 3. Hydrogen peroxide-induced intercellular ROS in PBMC of each group. (A) hydrogen peroxide-induced ROS in PBMC. Data are
presented as the mean+SE of 33 ~38 experiments. *P<0.05 vs. healthy control. TP<0.05 vs transplant recipients (Scr<1.5).
(B) Relationship between intracellular ROS and serum creatinine level (P<0.05, R’=0.1581, Y=15.23+0.7878X).

oJslA] Z7bsl AP <0.05). o] 4] th2F(16.31+1.84, 16.56
+£0.68)2 Yuk 2 F(15.62+1.15, 13.08+0.74)7 o7}
AddThP>005). me, o4 RF(22.62+2.51, 2057+
12508 o4 tl=F(16.31+1.84, 16.56+0.68)7 vl ZH L
o) F-2lstAl F7HATHP <0.05, Fig 2A, 3A). 3 EA4 & Al
Wk Az FxEd el AE ) S4IL5T A
o] 83 zgoleld $F2 PMA (P<0.05, R’=0.0481, Fig
2B)$} hydrogen peroxide (P<0.05, R*=0.1581, Fig 2B) $-¢
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2 Q178 AshE Aol F o] Ao ol BAF
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AREE Y TURNEE B R ERAYRES) F o}
vzl gayA 235673 22 A4 Agke] 3 wele
Z AL =3 ek AAAGeel A G2 N el A
AaFL A7ARAS ARt §o8lAl Frtetel.
ol & W ARAF HAA A 484 2Ed A7} Frlsla,

REA oL} Bl ol ofste] Wl ol A4
AsFol v Frtgche 71E9 A#(I3-15)% YA|gHet
o] 4] ghaFollA = o] A4l 759 Astol|l e Bk &4
A4 o] Ul 2Tl vlF Zteol7l gt o)+
B oadF oigel o4 #ati-o dA Fdoleldo] 251+
131824 B7]A8AZ 3a1e] 9.79+3.48%8 1t} ojn] 9lA|
g2 Aol & fgle] ¥ ZoE AgHrth. Cristol (82
z2 A7l o #QH grol Al ARAES 3o &
F AAHASY FrtEle] dgE Hasgdcth

BAALEFY Fule AX ] ATHLAAE EA 3]
o gFubgely =2 ARt s Ffe Foighol
| A= 5 Yeh3-7,16-21) whebA A 2ol o3t
of FAAALZE] Aabe] FAH xR E N ot Az
AU FEToZH A £48 S T AE A
o g A7tgr) B AT A= o4 F AV5e &A% B
Zg ol ] $ALFHR] 4RBATE A A
o2 wraygd gelFy G4AaF Fo AR A5
& 2As=R9 2ol Wil A7 5 £4e] FuEEA
of Wi F% At Bed ez A7 oy
Albrecht 5 (10)2 9HA o] 4l 7|57 A F $hxte] A4 A7
LA A BAA4ZF5} nitotyrosineol] FA HE-EE Holx
AE7E A 74 ol FrhEle] okar B s,
Hofmann 5-(11)2 3u¥4 A5 A Hxdy gt
AT A A 4F Ftell whE NF- B 84 3HE #stod
AEAT JATE U2 AR

A o] 4] Ao A Fois e HAGA A F4ALEF
A A A 5 9l ont,20,21) B AFoEQ] 3AFEN A
E o5 cyclosporineo|u} tacrolimus+ A AbAF BAHS &
uhsle Ao gdElA Qlch(22) wEkA o] 4 Fell Ag3
lgAdAArL FaEY e G ALaF v
ko] 7 g-oll wbe} kA Yebd o+ 9l& Aoy, & AT
9] At A7)l 4o sPslo] A Fdolel o]
1.5 mg% o]go| s k- gl kel FAA
&Fo] F7HEE AL

AL W GA4LFLS P43 AA 6 osled zAHe
2, A 71de] F7HE obdEl AA 1A A7 Al
W} G A LSS et Z71A] o). PMAS} hydrogen perox-
ided Foiqt ¥ d2PN gl SYILEFS Gk o
zFolu oAt 2l vlsl L7 AR AT o]4] &
Aol A A Vhelskh. Hydrogen peroxide 7o A] #H4J 4
£Fo] FostAl F7H AL AXE W A3 71 H o Fa
o] YI&E AlAgT &H PMA Fof A o4 #AtTo

Hay o) gt GAEFo| o] dzFoluv Uk i
ZTRoh fo8tA F7hg AL TR el 344
&F A A el FrtsElol S AAg) 56 AA A
F el A& ) Cu, Zn-2} Mn-superoxide dismutase (SOD)2]
il E¥Ho| A= F A3 o] 71H-L AwlEo] Q)
I AALEFE AYAsl= NADPH oxidase 4482l
gpo1”” ShFH & A zAE o] 9,23 23 Al
ofsl #lH uk4d oA A AR #zte] €F A A4
3} Z7ket @A e g43HAIQ) Vitamin ESF SOD &
Aol ou|glA AstElo] Jl-Fol BEl vl Qlrh(8) ¥ o]
Al e] el gl FA 4SS A A3t
717 ¢ wistE HAgol Heslt.
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