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Innate immunity in hemodialysis and continuous ambulatory peritoneal dialysis patients:
Impaired cytokine synthetic response to ex-vivo stimuli in mononuclear cells

Asuka SHIBUYA*!, Minoru ANDO*2?, Ken TSUCHIY A*!, Takashi AKIBA*2, and Hiroshi NIHEI*!

*Department of Medicine IV, *3Department of Blood Purification, Tokyo Women’s Medical University

and Division of Nephrology, **Tokyo Metropolitan Komagome Hospital, Tokyo, Japan

Dialysis patients are weak in immune host defense, which is associated with their high morbidity of
infection. Polymorphonuclear leukocytes (PMNLs) and mononuclear cells play a key role in innate host
defense. PMNLs and monocytes have bactericidal activity through the process of phagocytosis. Monocytes
and lymphocytes contribute to the development of innate immunity by their cytokine actions. We studied
the intracellular cytokine syntheses in response to ex-vivo stimuli, which may reflect the potential
reactivity of immune cells in cytokine syntheses when pathogens invade humans. Furthermore, phagocytic
activity was assessed in granulocytes and monocytes. Twenty HD, 15 CAPD, and 10 age-matched controls
were enrolled in this study. One milliliter of whole blood from each subject was incubated with
lipopolysaccharides (LPS) or mitogens for 4 hours at 37°C. Monoclonal antibodies to CD14* and CD4*
were used for identifying monocytes and helper T cells, respectively. Intracellular cytokines were stained
using FASTIMMUNE® staining kits. Interleukin-18 and TNF-a syntheses were examined in
monocytes, which are the most important early-response cytokines in innate immunity. IFN-y and IL-
4 syntheses were examined in helper T cells to observe their polarization into Thl and Th2 cells. IFN-
v is a key factor in establishing innate immunity. The percentage of cells that stained positive for each
cytokine was analyzed using a flow cytometer.

The following results were obtained : 1) In CAPD patients, IL-18 and TNF-« response to LPS in
monocytes were significantly reduced, as compared to other subjects. Polarization of helper T cells was
reduced, resulting in a significant decrease in Thl cells. 2) In HD patients, monokine responses were not
altered, but polarization of helper T cells was skewed toward a Thl type. Phagocytic activities were not
impaired in both dialysis groups. In conclusion, mononuclear cells from CAPD patients have the potential
to exhibit failure of a cytokine response to ex-vivo stimuli in terms of innate immunity.
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R 8 < AEEBGEBRE T D 2, AR D BRMIERE
i, REIAETER, RUMEHEORLEEIND, RED R Y
N7 — 7 HESLOMITE 2> & 1%, BEK, FERERD b OEREE,
BERE s £ & BEERDRIRR T DR AT U T RIGHIZ 43
WS BEFEMT A DA BRI RE 2R L Tw
2, TNV A ML YDEIPTH, HEROEET 3
TNF-a & IL-18 # X 0" helper T {32343 2 IFN-y
DEHARIER D L DEREZELETCL L I EPH SN T
%9,

AW TIE, BENEEOERIEREROFREDBF X S,
FERIER « BEROD b DERRE & ARSRIBIC R 2 KR
DHEERE X O helper THIFGIWC BT 29 A4 b A VELED
RIGHEEBET 2 2 & & Uiz, $h#E %2 HECRHE T 2 ik
ELT, MIREAYA b4 R/ T a—Y A b XY —
fEt D FEE V71220, SEOURERE, CAPD B#H
DHALERIL, HD B3, EFEERADD O, EEIH
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1. % &

SRR TR E L7z HD 2 ifT S T % B3 20
%, CAPD 2[ifTE N T B EE 1582 HRE L, %
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Table 1. Subjects
HD CAPD
B . Controls
patients patients
Subject number 20 15 10
Gender (M/F) 12/8 8/7 6/4
Age (years) 55.5%£2.3 52.8%x 11 52.7%3.9

Dialysis duration (years) [1.0£4.3 3.8%2.1*% ~

Genesis of renal failure

CGN 14 Il
PKD | 0
Nephrosclerosis 2 |
Unknown 3 3

Data are expressed as mean = SD.
*p<0.05vs. HD patients

XS MEREMER I, R, EHRE, HCORERE,
HCV-RNA [5G, #ZERICEE L b DO Y F U RbtmElE
MAESE, SFZEIIHIFIN IR O B F 3RS L7z, HD i34
B, JE3ME, 1[4 RRTifTL, PuEFRIE~ ) > %
FHnlze AT 74— 1203 KY A7 + »JE(PS-
1.9N® =3 PS-1.9UW® =5 PS-1.6 UW® =2: 7 v
Y= Z2)I|¥, APS-150S® =2 :JjH X F 1 HN), 841
Zrwa—x +bY 7 &7 — b E(FB-210U% =5 FB-150
E® =3 =7 uth) 2HAL Tz, BN ITEEENK
(AK V) &® IR TH) 2 LTz, @b o
YR MFEYUEEIZ0.66+0.5EU//(T Y K A—y—
#)Tholz, CAPD B3 1E, 18 1.5~2.0/ OJEENT
WxE 1 HA~SEZZHL Tz, 508, IXTOXNREH
WO EE 2T L EE 2B,

2. ]RIMFKE

1%, HD B3 TI3EYIS OB OBHFIC > v >~
b INE#EIREI 2> 5, CAPD B3 1344k HICH# Ik
SER LTz VA N A A AT~ ) BRI (5
m/) ZHv, 4ml &N Y A A A CflER, 1ml
% Phagotest® DOHEIE AL 7z,

3. BIR{ERA & & U helper T #ARRAY A bHA > D

HE

MBENY A b A4 HIEOFEEE, LPS %7213 mitogen
ORI & D HIFIN TELE S iz A A A > % brefel-
din DEIEIC L D TR THIWNICE LA, Zh o 2
BT A DA A PR THIBAREL, 7uo—Y A4 F X b
V= XD ERCIENT 2 D TH 5", HEROFEK
1% LPS, helper T gDl ix phorbol 12-myristate 13
acetat (PMA) & ionomycin IZ & D 7572, ~% ) 2ERIM
Z L 72 4 1f 1,000 &/ 1z RPMI  medium1640 (GIBCO) %
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Fig. 1. Flow cytometric analysis of intracellular cytokine syntheses in response to ex-vivo

Monocytes were stimulated by LPS. The representative data in a healthy subject are shown. Cells positive
for anti-CD 14" were gated as R| on the diagram of SSC-FL3. Ten thousand monocytes within the RI gate
were targeted on cytokine analysis (A). The cells labeled with specific anti-TNF-a or anti-IL |3 mAbs were
profiled in the diagram of FLI-FL2. Cutoff markers were set individually for each measurement using a
negative control (B). The percentage of cells positive for each cytokine antibody (% positive cells) was
calculated on the quadrant diagram. Thl and Th2 polarization of helper T cells after stimulation by PMA
and ionomycin were analyzed by almost the same method.

1,000 x/ & LPS(0.1 yg/m/ : SIGMA CHEMICAL),
brefeldin-A (15 gg/m/ : SIGMA CHEMICAL) % 7213 40
ng/ml/ ® PMA (SIGMA CHEMICAL) 5 X 18 20 yg/ml ®
ionomycin (SIGMA CHEMICAL) % hij 2 37°C, 5%CO,
TCARFERIE L 720 R, WKz 750 wl 37212531
L, ZHCHKRKREGETH 2 PCSEHPL CDI4 Hilk
(CD14-PC5 : IMMUNOTECH) % 7z & PC5 ## 35 CD4 $11,
& (CD4-PC5 ; IMMUNOTECH) % 10 u/ i 2, #iE, W
FTIC T 30 43 3L 7z,

XKz, FACS Lysing Solution (Becton Dickinson)4 m/ %
Mz, 15 53HEARMERZEMm S &, 0.1%Y Y IFE7 VT S
>~ (SIGMA CHEMICAL) i PBS T¥# {4 Permiabilizing
solution (Becton Dickinson) 1.5 m/ Z¥NL, 10 43E5E &
WEATCE &, MO ZE &S, TTES ¥, Z0%, 21
HORE MY A oA UhilkzE 8ul O, =i, W
FTC 303G & Bz, FpfPitk & LT FITCARGRDT
TNF-a Hi/& (Anti-Human TNF-g-FITC), PE 3% 51
IL-1 g #i & (Anti—-Human IL1-8-PE) & FITC & 3% 1
IFN-y 4% (Anti-Human IFN-y-FITC), PE Z:%#1 IL-
4 ik (Anti-Human IL-4-PE) %, JEREPIIEA L L T
FITC $3%1 1gG1 H14EK (Anti-Mouse IgG1-FITC), PE f&
297 1eG1 H14& (Anti-Mouse IgG1-PE) 2 Fi v ZE e L

Too FEEREPUAICEAL TIE, SEFRCRERE 2175
725

BBIC01%Y Y MiE 7 V7§~ (SIGMA CHEMI-
CAL)/IPBS T¥ ¥ 1, 1%KL A 7 VT b F(Cell
FixTM : Becton Dickinson) % 300 g/ il z #fid % [& & L,
BEHIZ7a—Y%A b 2 Y —(EPICS XL/XL-MCL Sys-
tem II : Beckman Coulter) Z W THIE L 720 % 7,
CD14 B3 MAIE % 7213 CD4 B3 PEAlHE 5,000 i 2 5 — 7 v
M#fE & L C SSC-FL3 i = T% — + L (Fig. 1A, %
#HH), ZOMRERT, FnEhOoY A b A A v EFEHE
L Tw 2 GHEMbao & & % 4 538 TN L7z (Fig.
1B), f##fric &, MM H Y 7 b+ EXPO32(Beckman
Coulter) =l 7z, MAEDOMEL T X T2 EFT DHITL
72o Thl #liflE, CD4 [k « IFN-y B0k« IL-4 &P & L,
TH2 ffifai%, CD4 [tk « IFN-y s « IL-4 B & L7z,
Fig. | CEFEERKRTOMER (7 a—9 4 b X Y —[H
H) 2R L7253, helper T il b [FBRD b DTH %,

4. FENERS L UBIKERBENAIE

RAY I O FER Bk « BBk D EBBE (phagocytic activity) %
EREMIZCHE T % 72, T O F v b Phagotest®
(ORPEGEN Pharm #:, FIJ%) ZfH L7z, 3, ~/XY
IR Z L 724200 1,000 xl % 10 55fkdiciE s, 2o
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Flow cytometric analysis of phagocytosis in granulocytes and monocytes

During data acquisition, a “live” cell gate is set in the FL2 fluorescence histogram on those events which have at least
the same DNA content as a human diploid cell, to exclude becterial aggregates having the same scatter light properties
as leukocytes (A). Typical dot plots FSC/SSC(B) and FL| histograms of the phagocytosis test. Histograms for the 0°C
control samples are presented on the left(as an M| bar in C).

100 1/ 1= FITC 3% X =4 7Y = 1L E. coli 20 pl %11
Z T LR, 37°C @ water bath T 10 £3fiE3E L 72,
F/oarbru—nEeLT, 0°CTFITC-E. coli % 10 434
B L2100 4 ZHABE L, BIEETRICTRTO
etk % [ KF 12 water bath X OED H L, KIGZ1E® %7z
DEBIKFTHHET L 120 Z DT N TOMAIZ Quench-
ing solution # 100 u/ ¥ o0z, L <HHHL, 3ml D
Washing solution T 2 [a[#:#4%, Lysing solution 2 m/ %
Mz, 20 S3HFRIBK 2N S ¥ 72, #I1C 3 m/ O Wash-
ing solution T ¥ ¥ %, 200/ ® DNA Staining solution
ZhNZ 10 SHEPKFCEFEL, 60 3LANIC 7 v —¥ 4 b X
b ) —(EPICS XL/XL-MCL System II : Beckman
Coulter) IZ X D E. coli DR iAH % WE LIz, Fig 2 1@
WHMKTOMEZR LTz, BEOHEITT T 2[ET
ORAT L7, 97, N7 7 ) 7R3 RAId %729,
FL2 histogram (DNA 3¢ 0) E@ - CTHIMEK % 7 — b L
(Fig.2A), Z O#ifg4EE % FS-SS iE i FEBE L (Fig.
2B), FERIER E 7o 1ZHERE 7 — b U (Z OBNIFERIER), %
Nnofifad o FITC-E. coli BL Y A% % FLI1 histogram T
fiEA L 7z (Fig. 2C) o AR D A A PEARE O B 5338 (%)
UMY 72 D O E. coli BUYD A A IENE % K3 % Mean
Fluorescence Intensity (MFI) 12 X V) 2 L 7z,

5. —MRIMFEREERE

IMLEAT BN 36 > C L ECBRIMA 2 [FIRF I BRI L 72 I
(M) & D RAYMEBRE, V2B, ~< b2V v b,
WEH, 7NV7 I E REERME, 7V 7 F =14,
C-reactive protein (CRP) ZBENMREE I THIE L 72,

6. MRETFEHIBRAT

TRNTOT —Z T VEME L EEEERZE TR L7z, Hiatiust
i3 StatView (SAS Institute) z fiv>7z, 2 BRI OHEZEME
I% unpaired Student’s ¢ test IZ X D, 3 FEEIOMEILZ ANOVA
L& VITo7z, p<O.05 b > THEEDY L LT,

w R

1. —RIERET—%

TERAES X OMEH B O — iR AT & Table 2 1I2/R L
7o MRETMBRAL, BAEREC, Vo SEREUE 3 BERCAEEER
inotz. CRP{EIL, CAPD BED L ICRELRMEL 2
T2HEHHSNIDIEFHINICE EF > Tz,

2. LPS R COEIKMIZA TNF-o & LU IL-18

i s

HD #¥, CAPD #f & @5 EHEO LPSHIIC X D EE S
NIZHERN TNF-a, IL-18 EEA %Y A ™A 4 > O
MR CHEAl L 72, #55R % Fig. 3A, BIZ/R L 72, & B,
LPS JERIBA T ¢, WA bAoA >k b M ElE i
ELOTHMBETH Y, WNERMIEHEHE OB R IFFIET
Hol-(ZThiE, RO helper THINLIC B W T FEEKT
Ho72)o HD B L HEHIED 2HEH T, wWIh oMl
WY A b A VEBERIERIC b EEZ IR s aho Tz
73, CAPD T, HD B, EEHEFHICIL CEEICE
LT/ (TNF-q 18.3+10.1 vs. 41.9419.1 or 33.6+
16.6% ; IL-18 11.4-+10.2vs.27.8+14.10r41.24+24.7%)
YA b A A A A F8 (5 P A e = X R A et 480
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Table 2. Laboratory data

HD patients CAPD patients Controls
(n=20) (n=15) (n=10)
WBC counts (/u/) 5,399+ 1,745 8,171+1,865 5,388+ 1,347
Monocytes (/ul) 338.6*+64.1 450.2+306.9 335.4+48.0
Lymphocytes (/ul) I,323+221 |,138+785.1 |,523+998
Hct (%) 31.6x1.4 32.7%£6.7 43.5+3.7
Serum data
TP 6.8+0.2 6.7%0.5 7.3£0.3
Alb(g/d/) 3.8%0.1 3.8%0.3 4.4%0.1
BUN 73.5%10.4 54.9%13.3 12.8+2.2
Cr(mg/dl) 3.8+ 1.5 12.6+3.0 0.94%0.1
TC 138.4+18.9 196.4+24.2 236.5+66.9
TG(mg/d/) 79.4+22.8 169.4+137.9 84.5+20.3
GRP (mg/dl) 0.0 0.3%0.2 0.1%0.1

Data are expressed as mean=*SD.

WBC : white blood cell, TP : total protein, Alb : albumin, BUN : blood urea
nitrogen, Cr : creatinin, TC : total cholesterol, TG : triglycerides, CRP : c-

reactive protein
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Fig.3. Intracellular cytokine syntheses in response to ex-vivo LPS stimulation in

monocytes from HD, CAPD, and controls

Data of TNF-« and IL-14 are shown in (A) and (B), respectively. Intracellular cytokine syntheses
were assessed by the percentage of cells positive for each cytokine antibody (% positive cells). Data

are shown as mean and standard deviation. p values are for comparisons between the HD patients,
the CAPD patients, and the controls. *p<0.05 vs. controls, **p<0.01 vs. controls, and # p<0.01 vs.

HD patients.

WBWTHFAEDOFERIS 5Nz, £/, HDHE, CAPD
HoTheBWTbIMPRRER, 7v7F=r, 77
SV, AT Yy b EVA DAL VEERIEORICIEE
RHEBERRIEE s e o T,
3. Mitogen (PMA & ionomycin) fl;8f F T helper T
#ERAA IFN-y & & U 1L-4 Bi4impasE
Fig. 4 IcHlERER 2R Uiz, CAPD BECIIRIEICH %

helper T #do Thl, Th2 ~DOsMbIFHH & b EEICET
L Tz (naive THIfAD M %= EK 3 %), — 75, HD
BT, helper THifdD Thl ~NDSBIFHEREICITLEL T
Y, Thl/Th2 /xF > A% Thl EER7ICE T 72, HD B,
CAPD HEWFIICBW T HIMFIREER, 7Vv7F =V,
TIVT I, A b7 )y b EZNS helper T HldD3Mb
fE & DFIC—E OAHBIRIRIZFED o Lk mr 5 7z,



Wi 758 2
40 7
g 307
o
(A) Th1 g0
2
L 107
0
(B) Th2 £
2
B
2
(C) Th1/Th2 ¢
X
Fig.4. Polarization of helper T cells in response to ex-vivo

mitogen stimulation in HD, CAPD, and controls
Data of Thl, Th2, and Th1/Th2 ratio are shown in(A), (B), and(C),
respectively. Intracellular syntheses of IFN-y and IL-4 were asses-
sed to differentiate helper T cell subsets(Thl and Th2) by the
percentage of cells positive for each cytokine antibody (% positive
cells). Data are shown as mean and standard deviation. p values
are for comparisons between the HD patients, the CAPD patients,
and the controls. *p<0.05 vs. controls, **p<0.01 vs. controls, #
p<0.05vs. HD patients, and # p< 0.0l vs. HD patients.
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Table 312 % & ® 7z, HD FEOREREKRERFED > 5, Y
A BIEME (MFLE) 3 EE ERCHANERCI#EL T
(123.9+25.6 vs. 102.5+20.3) %8, CAPD FED Z 1L IdEH,
EREL =3 o7z, HD EEE CAPD B 13 BRI ER O
BREICEEZRIERD >N hol, HEROBFAREICEAL
T3, HDE, CAPDH, EFEICEIIL» 5T,

I z =

AWESEIE, BEHTEE O HRTERE 2 FHH 3 2 & v S B
M5, SR 3 2 BERE & O helper T Ml D % 4E
P A N A VEED RIS &R ERE X CHEERO N T
D7 ERRED 2 SISOV TRET 2N 72 SIS L7
Enro, ZhsBRRECED 2 &MfdOEEX, HD &
HCREEELABRE RN TS HDD, CAPD &
FHETIHEEE, HD BEFICHANTEIHL TS I eib
Mmolz, Zhid, CAPD BED b D HARGEKME Lo —
DDFHETH D, H LI\,

JRPEIC R 3 2 18 E RS () 1%, R Db DA
SNTEY, FBHEOFH, KEIRE BN &0
EOBELBERLTWETHS5, Lrl, bhbhizdE
MR AR BERE U 72 BRIC B - S EEh 9 2 FRRE R
TIERTH 2 BREN DD OF S CEELERE L F
DbDEFZ T, L ORFRERIIEDORKI D > T
WB R, FRHZHER/ v u 7y — Y RHIOELE T D RE
T A 2 A BB B LR R EE R R L Tw
2400, BRI F IHEIEAF o3 O HER SR OB
i F8FL 3 % Toll-like receptor (TLR) IZHk s 5 =
EMOIRE D, BPRMIETIZZ D TLRIZA A v F (FIR
B BA D &, 2DOY 7 F VN NF-xB 05
LML T, BARARESY X T ABRICLERS O A b
A EGIMER B, WS NI A M ALY, FIC

Table 3. Phagocytic activity in granulocytes and monocytes
Subjects G(%) G (MFI) M (%) M (MFI)
Controls 84.0+7.86 102.5£20.3  48.2*8.78 57.6x17.6
HD patients 81.8+12.9 123.9£25.6* 50.1%x14.6 59.2+20.7
CAPD patients 89.8+6.27 [14.4£31.6 47.5%x14.2 68.6+21.9

Data are expressed as mean = SD.

*p<0.05 vs. Controls and CAPD patients.

G (%) : % phagocytizing cells in granulocytes, M(%) : % phagocytizing cells in

monocytes, G(MFI) : mean fluorescence intensity in granulocytes, M(MFI) :

mean fluorescence intensity in monocytes.



706 BEHTEFEOBRIIEE A oA LR

TNF-q L IL-1 3D % { O REMMBEEK, ~ 27 1
77—, VUNER)@EE s 2EMET 5, 20
ML E NI EMBED S A S oA Y BGWT 52 &
THRGIENKILT 5, £72, TNF-a, IL-18 13, E#
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BEHRHEER, EHEEHRERKICHENT, TLR-4 DFFHE
PR Td % LPSfllE Iz 5t 9 % TNF-a, IL-18 FE4E KK
HETL Tz, MEANYA b A4 G 1L T HD
BEOHKRY A oA VEEREFANCREIE OO0 b
21419 73, CAPD BEMF OHER COELE 2T b D
FRv, bbb O, B EZEHA Wz DT
v, RIFHERIERMAOTTHIETSH D, TLR-4
EIEBT 20 CEMMENE N Ens, LIELIEZFEDT F
7t LTRSS TW R, K5 CHERE Wiz D
FZZDIHTHEN, bLAZAHKZOLDOELTOYA
M4 VEARKIGD BARARELEELRTF TS I LT R
FEOMEY Ths, bibtlOFERIE, CAPD BENHA
FIER OO0 2 2 BRI DY A b 2 A4 > RIS
THEAEF> TV L2 RS E2DTH S,

S o WHARMRE FEE LML LT, BERDIAIC
helper THIfERH T o2, FFICZNDFUWT % IFN-y

DOVEMIZEZETH %, helper T LI PUREEEE S Lz BRIk
MK ST 2 IL-12, IL-18 DfEfA 7 L2 £ v, Thi
(IFN-y 43 ) i g & Th2(L4 53l o 2 > o % 7
oy MZHMET 2 2 B SN TV S, SE OB
5, CAPD H3 Tl helper T L~z BT b #lli%
ARG 2R L, 18 FHRIEDOHERFICA TR 7% IFN-y 53U
MAfE (Thl) OFEBI HD B3, @ H ICHK L TERICE
TLTWAZEWRENTZ, TNETOEODLOHED %
22, HD B#E T3 Thl @ _EFI2 & Y Thl/Th2 N5~
AF ThIHFDICRZETHHD"0, 25 TRVET S
M, CAPD %o Thl/Th2 N5 > 213 Th2 DEE %
FII2k D TRRBICRAIL TW2 T2 0D08H 592,
D955 HD BHEDOHE X b b O E & BRI EF
BELTWwZW, Th/Th2 N5 > 2%, wb®w 3 Thljfx L
MEEN S D OO & 5 I mIcE S 2 g, EER
FEOWEIE ST E L WEFEZ TLD» S5, CAPD ¥
BT 2t E O T, AEA Thl OETARINT
WEWEHTbhbILbNORER &3R5, CAPD BED VY
> NBR (CD3 BRIl © Th2 %4 b 4 > O FEEK G
ETFLTWwWRZERRLEGwX® bbb 20, bhbiLd
7 —% Tl%, CAPD EED helper T ikl Thi,
Th2f#H & bETFLTHEY, Thl/Th2 thic 3B ERZL
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