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Summary : The present study was attempted to elucidate the mechanism which
account for modification of immunoglobulin synthesis following open heart surgery.
Operations have been performed on 20 cases of coronary artery disease, 12 cases of acquired
valvular disease and 4 cases of congenital heart disease using cardiopulmonary bypass
(CPB).

As an assessement of B lymphocyte function in vitro, protein A plaque method (Gron-
owicz) was employed ; numbers of IgM, IgG plaque forming cell (PFC) induced by sta-
phylococcus aureus Cowan 1 (SAC) and pokeweed mitogen (PWM) decreased immediately
after CPB and the decrease continued for as long as three days.

Interleukin-2 (IL-2) production in mononuclear cell (MNC) was significantly suppressed
after CPB, but Interleukin-1 production was not. The numbers of IgG PFC provoked
exogenous IL-2 were attenuated following cardiac surgery in these patients.

In conclusion, these results suggested that following CPB, suppression of IL-2 production
in MNC and attenuated respense to exgenous IL-2 were correlated to the impairment of the
B lymphocyte function. The clinical application of immunomodulators may be useful in
making a defense against bacterial and viral infections resulting from the depression of
antibody production after open heart surgery.
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W20 fich DR S v 7Y VIRTTIREE IR D D
Thbh, ZoOMFREOEEIZILHTL b Biifaok
BERTLOTIIR. ThY2fEsr e 7Y vRESE
35 BHIBOBEDOEETADLLDOFNEELE £
bhs. BHRGHRRR S X b ik S hIgmEs
kL, g7 =7 ) vEEATHHAEEAMRE k5.
% Z T protein A plaque &V E AW CHAELMAEY
WEL, BALHSABROEEECE D X 5 e erRIE
ToEEE L.
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DRBAGD T, F246I, & 124, FHE# 57 5% (36
Bb 121K Thot.

2) BT
RELRIHEL LT, A2R5 v 0.4mg, _FIV 50

mg, & FwrFov50mgk REHEA 30 SRICHEL 7.

FREE ALY =V & = — 1 0.5-0.7 mg % fo kL b X
20mg, 7 ENRA10mg, AV Z v =V ABmETKIIS
oo RBERHIKE 7 = v % = — VRREE 35 6, € e %
WRBE 1 BICH o te. EAMERIEMATOM 2B, &
EiR 28COFEERAERZHH L. FHRRERREI
547 43 (420 3235 755 43) Th o e,

3) BIEHE I X OHRIMEE

M5 v 7 ik, WREEEAR, FOERER, ikl
H, fiith 3 BiethZh~ ) ViR L, #Hrekoki
BRI R 7o te. BIEHEE I, Onibo IgM &
IgG DREEr w7 ) VIRE, @V v BREHIHE T X
DFE XN [gM & 1gG ofifkEAMEE, QFMMm
Fi IgM & 1gG DHMEEEMRE, @V v sBkoy 7
REav—vav, @V vV BREFRILRAR OBEEIKD
+A b h A VEERE, @ recombinant IL-2 i&x3% B
Mk ORI, @FMBIMmBMaD IL-2 ve 7 & B
MaHEER, QmFoars ) —LVEETH5.

) v ABREEHE UITFT=1ro=v) &L T
Lipopolysaccharide (LPS, Difco Lab.) Pokeweed

mitogen (PWM, Pharmacia), Phytohemagglutinin

B %

(PHA, Pharmacia), Staphylococcus aureus Cowan
1 (SAC, Calbiochem), Concanavalin A (Con A,
Sigma), recombinant IL-2 (3kD3%) ZFH 1.

4) V) vV oEREIERE

RI#%, Conray-Ficoll it X AEEE:TY VA% 5
L, MRREA 105,/ mesblie b=V
Hic, 5%HFRIBMESHE RPMI 1640 BEK (= v &
DFEL, ~rF7rv—1+ 6 UHEERR=-751 )
Zlwell %) 0.2mlT 20 LA. =4 o=V EL
T, PWM (100 xg/mD), SAC (0.01vol%) DEEI
7% X 5%, 37°C, 5 %CO,DE&MT 144 BERIHEE L
7.

5) PikELME (PFC) oflE

Gronowicz? b @ protein A plaque IR T, FEER
1 IgM & X O IgG DOHUEKE £z Hl L.

Ticbb, HEEMREER, protein A (Repligen)
L7 v AT TREA X7 15 % SRBC %%, 10 5%
Rerey M, 7y b e+ IgM, IgGH &k
(DAKO) mdEEThZTh 254130, 1 %BRER

C0.2mD T, FIAF vy zve—V (K Tl

&, 3TCTARMEEEL, HMB L PFC HE2HE L.
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AvE—mAFv 1 (UF IL-1) ELEECITERY

MR AA10°,/ mlE b X515 B4BRENESE
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48 BRI L LR AV . WIEX C3H, He] =v

A DRI BBk D 153 & & suboptimal dose

Con AQ0.5ug/mD%&MM%, 5%4HIEMEESE RPMI

1640 B2 TR A 4 X10° /mlic{EL, =17 =

7V — b 0% well 1T 200 ul TOWE IR LA ITCT

48 B5fEI%%% L, °*H-thymidine (0.8 xCi/well) %fn
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FEEL, =12 =vE L THREKEBEN?PWM (100 ug,/”
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thymidine (0.8 uCi/well) Z¥iNL, 4BFfHY v <
ERA~D thymidine DB Y RAHAZWEY vF LV —>a
VHYVE—ICTHE L.
8) recombinant IL- 2 1253 % Bifa D Kt
Bi#ifan IL- 2 w3 5 RIS M &M% 1 H B %
B Ufe., I ) v ~BROMIEE A 105,/ ml & 725 X
5L, 5 %AMRRIEEE RPMI 1640 BB RICIFEL,
recombinant IL-2 (BkD3&) % (1000 BifZ,ml) D
EEicbX51m%, 377C T 6 HiEEE#E L, protein A
plaque ¥ic X % IgG © PFC HOBEEIL I h BTt
7.
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Ko BEOIL-2 v+ 72 — Bk
phycoerythrin (JAF PE) g IL-2 v+ 7% —Hifk
(CD 25) (Becton Dickinson) & fluorescein isoth-
iocyanate (Ll F FITC) ## B 1 # t (CD20)'
(Coulter) @& /7 7 v —F A MEE A7 v —% 1 b
A—=R—XB2H5 S DB L.
10) {EXALBHADIL- 2 v 7 & — B H B
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3a ¥ifk (CD4) (Becton Dickinson) & FITC #Z5; Leu
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Fig. 1. Serum immunoglobulin concentration of IgM and IgG during open heart surgery.
Pre : preoperative, ECC : post ECC, P-1: postoperative first day, P-3 : postoperative third day.

All values are mean + S.D.

* p<0.05, * * p<0.01 compared with preoperative value
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Tablel. 3= FP=vViRXDFEIRY VK
1058 B 7 b @ IgM & 1gG oHikELMEE (LUF PFCO)
BrxrT. ¥3 IgM © PFC #% R 5 & PWM il
Shic PFC BIENMERESR»LEWH B L, itk
1 HC 3ARifED 13 % ¥ CET L (P<0.0D. Fi
SAC i@ & hic PFC # & RAMBERER X h BECH

B

B, WHHED 10 % & 7o o 7o (P <0.05). %kic IgG @
PFC % R% &, PWM iciE# b & e PFC Uk IgM
L AR 3 B & TEICED Lc(P<0.05). ¥k
SAC eHIB & iz PFC B b A BERE»OME 3 B &
TEREA Lz (P<0.05).

3) KK o spontaneous IgM & IgG DHAKE 4
Fit)iab e

Fig. 2 IRMBMFD Y v B 10EH7-h D IgM &
IgG ® PFC % #7R+. IgM o PFC # (Fig. 2A) 34

Table 1. Changes in the numbers of IgM and IgG plaque forming cells
induced by PWM and SAC during open heart surgery
PFC: plaque forming cell, MNC : mononuclear cell
PWM: pokeweed mitogen, SAC: staphylococcus aureus

Cowan 1

Pre : preoperative, ECC: post ECC, P-1: postoperative first
day, P-3: postoperative third day

All values are mean *+ S.D.

* p<0.05, * * p<0.01 compared with preoperative value

PFC,10° MNC

Pre ECC P—1 P—3
control  IgM 46+30 64+71 109+84 * 119+121
IgG 295+332 312£357 7561494 476768
PWM IgM 23592096 516564 ** 3044390 ** 5651626 *
. 1gG 400613548 1594+2177** 1531+£1988*  1364+1192*
SAC IgM 5992 +6000 582740 * 2154266 * 472+811 *
IgG 2697+2121 6294787 * 5554483 * 415+251 *
12 *% 5r *

-2

Igh PFC/10°MNCx10
o

T L

Pre ECC P-1 P-3
Fig. 2A

IgG PFC/10°MNCx10°°
w

Pre ECC P; 1 p-3
Fig. 2B

Fig. 2. Changes in the numbers of IgM and IgG spontaneous plaque forming cells in peripheral blood

during open heart surgery.

Pre : preoperative, ECC: post ECC, P-1: postoperative first day, P-3 : postoperative third day

All values are mean + S.D.

* p< 0.05, * * p<0.01 compared with preoperative value
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#1HETELZR LR IMITE 3 B 3T RTEI
BLCHERCHEMLI(745 %) (P <0.01). 7 IgG D
PFC #& (Fig. 2B) % #ifRifE 1023963 (Pl L B¥ER
EMER L, #ith 3 Hicix 3450+2342 A CHECHE
7 (P<0.05).
4) KBMAFD Y v ABROYy TR Eav—2avET
WOy 7y b
OFMF o T RO E & MEAERER» DFERIC
ETL, #it3 B %o L7(P<0.05). Biifans
B AN ERERMET LicA, W8 1H, HE3AE
LAFRIEC AR m L7 (P <0.05) (Fig.3)
@CD4 (Leu 3a) Btk
CD4 B LRI GAERER O ERICETL
(P <0.0D), £ 3 BCHMAMEE TEREL oo
(Fig. 4A). CD4 BRI 1 B 220 1A ®,
itk 3 BB IEA Lz (P <0.05) (Table2).
®CD8 (Leu2a) Bl
Fig. 4B &KMo CDS Biiao R vRT
2, EAMERERIEBCEA L (P<0.05) 23, fff
$% 18, itk 3 BICIIMRIECR - 7o. CDS It Rifug
RBLMELE XV BAOEACH D, 3 BicidE
B Lic (P<0.01) (Table2.).
@CD4 FEt:Mla,CD8 FEttffia (Leu 3a, Leu2a)
e
Fig.5 1% CD4 [BtkRifa,CD8 FEttMile (Leu3a,/”
Leu2a) k&aRT2, Mlc#iL <, A ERER,
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Fig. 3. Proportions of T and B lymphocytes in

peripheral blood during open heart sur-

gery.

O : T lymphocyte, ® : B lymphocyte

Pre preoperativc, ECC: post ECC, P

-1: postoperative first day, P-3: pos-

toperative third day

All values are mean *+ S.D.

* p<0.05 ** p<0.01 compared

with preoperative value
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Fig. 4. Kinetics of the percentage of CD4+ and CD8+ cells in peripheral blood during open heart

surgery.

Pre : preoperative, ECC : post ECC, P-1 :postoperative first day, P-3 : postoperative third day

All values are mean + S.D.

* p<0.05, * * p<0.01 compared with preoperative value
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BOBZERET L (P<0.05). SAC &z y v
AERD thymidine DEL D AZ&IZ, MR 1 H, M3 H &
PAEBIET LA (P<0.05). PHA K%Y v 3%k
O RS ESMERER AR TEA 235 bhie s, B
BEUCE LTty » 1= (Table 3).

6) BERDY A b A A VEEARE

OEHROIL- 1 EAEEXA B LBLMEBL T
thymidine ® # 7 v MERZEILL isdr -7 (Fig. 6A).
Fleav b e - fERRTAEEMETHS Stimulation
Index dZALL 7D - 7.

@IL- 2 EEABEVIATRT 11.25+4.13 467 /ml CE#fE
TEEERZE) L, MMEREER»DEA L, Wikl
Aiciz4.15£3. 75 8 /ml L ABICE T LA (P<
0.01). LTtk 3 Hic i 3fFaifE 2 cEE L (Fig.
6B).

7) BHIFa® IL- 2 w3 5 Rt
Vv ARERI0ME BT b D IgG © PFC & &% &iiHl
6005+1731 CFHEFERZE) kL, #Hrgik 1799+
661 BB IHEA L7z (P<0.05) (Fig.7A). {Afkz£%
JEIE$ % 7= Stimulation Index (S.1) &L, IL
-2 %W L7 PFC % = v t » — 10 PFC B CKL

*%

*%*

cp4*/ cos®

0

Pre ECC P-1 P-3

Fig. 5. Changes in ratio of CD4+,CD8 in
peripheral blood during open heart sur-
gery.

Pre: preoperative, ECC: post ECC, P
-1: postoperative first day, P-3: post-
operative third day

All values are mean + S.D.

* % p<0.0l compared with preoper-
ative value

Table 2. Changes in the numbers of lymphocytes and CD4+ and
CD8+ cells in peripheral blood during open heart surgery
Pre : preoperative, P-1: postoperative first day,
P-3: postoperative third day

All values are mean + S.D.

* p<0.05 compared with preoperative value

Pre

P—1 P—3

LYMPHOCYTES 195441399
CD4+ 830581
CD8+ 5741455

mm™3
16281969 10294565
4701442 353+241*
453+234 244+130*

Table 3. Lymphocyte responses to PWM, PHA and SAC during open heart surgery
PWM : pokeweed mitogen, PHA : phytohemagglutinin,

SAC: staphylococcus aureus Cowan 1

Pre : preoperative, ECC : post ECC, P-1 : postoperative first day, P-3 : postoper-

ative third day
All values are mean £ S.D.

* p<0.05, * * p<0.01l compared with preoperative value

SH-thymidine incorporation

Pre ECC
(c.p.m.)
-control 1356890 134141135
PWM 1693510774 7397 +£2395*
PHA 2559626371 1102545452

SAC 39612706 2144+1080

P—1 P—3

626376 * 828723
16247116064 1391910196
2120814407 26675422591

1621+1696* 1358 £1194**
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Fig. 6. Effects of open heart surgery on IL-1 and IL-2 production.

Pre : preoperative, ECC : post ECC, P-1: postoperative first day, P-3 : postoperative third day
All values are mean *+ S.D.

* p<0.05, * * p<0.01 compared with preoperative value
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Fig. 6B
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Fig. 7A. Polyclonal IgG antibody production in-
duced by IL-2 during open heart surgery.
All values are mean + S.E.

Pre : preoperative, POST : postoperative
first day

Fig. 7B. Stimulation index of polyclonal IgG anti-
body production induced by IL-2 during
open heart surgery.

All values are mean = S.E.
Pre : preoperative, POST : postoperative
first day
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febDFE . S 1 THAFET 8.31£2.79 i Al
3.29+1.12 L HEIET L (P <0.05) (Fig.7B).

8) BHifam IL-2 v 7 2 —[BHAifaH B xR
BimaLst o IL-2 v e 7 & — BBl X b
BEIED L (P<0.05). BfilacIL-2v+&7 % —
Mo i, BROHTIC L DL sk ot L
L7BIH 5 BiE IL-2 V& 7 % — BRI A L1
IL-2 ve7 % —DBREMBEIEE LD Iz
(Fig. 8A).

9) =4 Fo=viEHFEIhIBiifao IL-2 ve7
2 — et Al e HY Bl

OPWM 12558 X huic BRIfaSt o IL- 2 ek
BT X BB Lic (P <0.05). BiifaTIL
2 vz -~ A LD = VORBIE X D
FIE X b LEIMERS R b hied, HFENERE R
Dote. LaL, ot IL-2 vt & —Bikflao
SEFIIMBRETEA YR L. [IL-2ve7 2 —0D
EHLTWieBifaxsEin Lz (Fig. 8B).

@SAC X hFHEIh-BHifaT IL-2vE7 % —
B Y RS LT RTCEMZA DR d - e (Fig
30).

10) Mo a2 sy — VIEE

Fig.9 o 2 vs Yy —LBER DL T8, &4t
BEREHL DEIML, W1 H, M3 B & bWkt

y IL2RMH) B(-) 4 IL 2R(4) B(#)

5T P05 250 NS,
4

3

2

1

0 0

PRE POST PRE POST.

FoOH

B ¥
BLCaEYRLE (P<0.0D).

v % =

LIRT X b BRBE & SRR 2 R R e e g3
ZEFMB R T WAL, EicB OBV bR b &S
BRI X b EAREME 7 & OFEEIRR I delf: 0 A v
EVOEB L EBH bR, EEOFREEIEIC D XX
EBLRIFTZENREZLRBYY, 2 L CHENMERTIZ
M TR BB PERAOE Mk L 0P EEZ 1T,
Mg s v 7Y v ROMEBERDT5 2 L h®EIhT
WBHOT®) EfE ) 7w —FAHEDBEIRICL D ) v
WOEHE~—» —DEFNRLIhs X ok, BELK
XD~V A—THEDD®DRLFF 25 4FT —
-9 EA REHE IR TWA. LiL, Vv ERoxk
H~—» —OBEILT LS BIEOEE DD I\,
— IR SRR S 2 DB L LT, <M P =
v IZR B HFRRILBER OIFHY, Al OBERE O T,
FAEAROMFEPONHE I T 525, HEHORE X
Dl EINTwB. AR TREOMIC X 5 EK MR
BOEH TN ed EFMmpo [gM & 1[gG 0fE 7
v 7Y VEERRIEL, SIMERER»OMKIAET
EBIET T 5 & S RERDHEO10 L FFEOFRKER
1B, ZOFRRE L THRNMERERICL bREs = 7
) v ORRER AT ORI X 5 HF R ERDT b

¢ IL 2R(-) B(-) g IL 2R(=) B(+)

00 NS 1 NS
0 F 30
(]
80 2t
i
n} w0l @
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Fig. 8A. Relative population of IL-2R(+) cells in peripheral blood mononuclear cells during open

heart surgery.

Pre: preoperative, POST :postoperative first day
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Fig. 8B. Relative population of IL-2R(+) cells in peripheral blood mononuclear cells induced by
pokeweed mitogen during open heart surgery.
Pre : preoperative, POST : postoperative first day
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Fig. 8C. Relative population of IL-2R(+) cells in peripheral blood mononuclear cells induced by
staphy lococcus aureus Cowan 1 during open heart surgery.
Pre : preoperative, POST : postoperative first day
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Fig. 9. Changes in serum concentration of cortisol
during open heart surgery.
All values are mean = S.D.
% % p<0.01 compared with preoperative
value

B, LhLllhofRE s = 7Y vITCRELE S i
0 THH BHfaOEEOE{ERT b O TEAL. &
BeNERIC S 2 BB MBITIRE S v 7Y vREE
T 5BHIADKERTARS Z LV L5 EETH 5.

BB HRERE e S ie X b \HAL S hIERESL L,
w7 ) vEREST HHAEAMBL 85, Tok
% in vitro T B0 BEEX <5 HEL LC, Bl
DAL=V e ) VAREPEELTL) BEPhORE -
7w 7 ) vORBERNETHHEL, 2) HkELM
BOBBEZRET 5HENA VLR TW5%, AR T
EBMIlADO~A 2= v & LTPWM & SAC ZHWT,
BILRRIRIC BT B~ b 2= VIZFEE S hic PFC #
DOEFZRE L. PWM B I hic IgM & 1gG D
PFCH xR % LIBRSHERER X v AL, k1 H, #iF
%3 B &IMENCLEERCEL L. —J7 SAC i
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