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Immunomodulation Effect of the Allogeneic Cellular
Components after Transfusion
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Tae Kyu Kim, M.D.‘, Hack Ki Kim, M.D., Chi Wha Han, M.D.2 and Dae Chul Jeong, M.D.

Departments of Pediatrics, ' Microbiology and “Internal Medicine, College of Medicine, The Catholic University of Korea, Seoul, Korea

Background: Blood transfusion is important for life saving treatment in many patients with tolerable
adverse effects. Some data suggest that transfusions might cause an increased risk for post-operative in-
fections and a higher relapse or mortality rate in cancer patients. We investigated whether immune dys-
function might result after transfusions from the cellular components.

Methods: We studied 5-week-old mice BALB/c (H—Zd, donor), C3H/He (H-2k, recipient), and C57/BL
(H—2b, third party). We obtained irradiated spleen cells (SP) from the BALB/c or C57/BL, and injected
them into the C3H/He with intraperitoneal IL-2 administration. After 24 hours, we obtained bone marrow
(BM), thymus and SP. We identified mixed lymphocyte proliferation (MLR) by the BrdU method and
we used irradiated BALB/c SP, as a stimulator for that trial. For the analysis of immune cells, we analyzed
the cell surface markers from each organ. For cytokines, we identified TNF- a, IFN- v, TGF- 3, and
IL-10 by ELISA from the supernatant of the MLR.

Results: The cell proliferation decreased according to specific H-2 complexes. There were increased
CD4+CD25+ cells in the thymus. For the paracrine effects, the B-C3H SP showed ratio-dependent in-
hibitory effects, although the C-C3H SP inhibited some cell proliferation. There was no difference in
the IFN-y, TNF-a and TGF- S between the control and experimental groups. However, IL-10 was
higher in the 1 : 10 ratio mixture in the control and transfused SP compared to the other groups.
Conclusion: The results of this study suggested that the cellular components in transfusions might contrib-
ute to the immune regulatory effects by CD4+CD25+ cells after 24 hours. (Korean J Hematol
2007;42:375-381.)
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dies) §%o 93 ZZH A (alloimmunization)o]} T
M E A3l od W AL (immune tolerance) ¥} Z
o] T 7}Ae] A& T heukgo] dojd 5 gt
=223 (allogeneic transfusion) o & WE A 8] &
g 4+ Hk-2-(febrile nonhemolytic transfusion reaction),
FE =2 g o] 2] A& 1 (transfusion associated graft
versus host disease), 7+ < (infectious agents)e] A&
T FAgo] slon, k3 HAAAE E5tA &
0 QA os £ R FFL we 45
T AAY NETt 3, TF 0] 7Y
S 73S FFe] AR} APgEo] Bk o] g} Wi
7] o]l 9lof o2 Ao F@A} Ho] 48 (donor
specific transfusion)< A& S wj o] 21F A7)
71t AEste A Ade FER Qi " #Eo
o] ZAAE AME Fgan} ) 58 g I (trans-
fusion effect)’gtal E2]&= o2 et A4S
2 71 98 FEEE WY A a7 <t
2 o] A= W7o} ket 84 E4do] &
e Aow geA g
ol o} 2 A WA FF Tl g HAH
&(immune tolerance) & & WA A Yol EA3}= thF
gk Al AR g A E AR 93] oF ZEA] ~(apopto-
sis), ©FAA] (anergy), Ak1 s Al Z(NK cell) 71% <
A, Th2 A Z2o] ¥ (polarization), 7] A7) 2] Z(micro-
chlmerlsm) 29 71AE Bt o] FolAt? 1 7] A
& AN A A B o] & Azt A
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55% 7l BALB/c (H-2, 38} n}-$-29) ¢l
C3H/He (H-2%, 8#}) w}$-2~ C57/BL (H-2", third
party) B}$+AE o] &3ttt RE ul$A%E Jackson
Laboratory (Ann Harbor, MA, USA)o| A T8l A}
£a4sle) 5 A} D thaE T A8

AN HiaH AR B& AMEst] Ad e o717
A 179 A0S A Qe o g3

2. &8 ANX|Qt HIZMES 22

B3 &EFA A SAAZ] BALB/c pF$-29] B A
(spleen cell, SP)Z ¥o] 2,500cCGy WA & ZA}3H
% o] & C3H/He vh-29] me] A9E B FYshH
A 5,000IU9] Interleukin-2 (IL-2, R&D system, Min-
neapolis, MN) & &7 W FAL8F 1(B-C3H), &2 W
WO g C57/BL np-$-29] HIAAEZ Ao} WA %
T C3H/He vh$-229] me] A9 S B FAFSHHA]
W 02 [L-2E8 57 W FAFSHA tH(C-C3H).

2 FYARE W] ¢S C3H/He nF$-2~E o
s}l T} B-C3H, C-C3H, th %<1 C3H/He u}-$-2 &
ANA AE F9 F 24x3to] A3 th AF EF
SAMAA Y AA EZ(SP)E DAL

gz o

BALB/c SPell 2,500cGy2] WAtA& zAbete] 2=

A E (stimulator) & A}8-3193 11, C3H/He SP, B-C3H SP,
C-C3H SPZ 77} wk-2-A)| E (responder) & ©] 83}
g MEE AFAEG A 1:1,1:5 1102 &
3+al & triplicate AE] oAl 72A]17E, 37°CE CO, Hl 47|

o A v kst a1, 72417t & Bromo-deoxy-uridineS &
7hate] 12~18A17F v Fatsith. & 2 whg&
RocheAFe] BrdU HHH (Roche Diagnostics GmbH, Mann-
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T, FEHAE w2 nk-2A SPY C3H/He SPO
et A ZAS F=E IRl Hal FEAAE e
n}9- 0] SPe} C3H/He wh$-29] SPE 1:1,1: 109
H &2 Z3ste] A=A giate] 7243w okt ok
+ BrdU Woz M x3FAE g8t

4. 7 N

Hl
M

FEAAE T2 FEA npy2o WA 2 E B4
st7] Al 8 F 24A 3k A} uh- 22 EH
=7, 54, 9 A Aste] ZHztel| Exst= T AlE
(CD3, CD4, CD8), B Al E(B220), th 4] Al & (Mac-3), A
o A3l A E(NK1.1)Z Fluorescein isothiocyanate (FITC)
%} Phycoerythrin (PE)2 QM sle] BAlslglon, z+
710 A o] CD3+CD4+CD25+ A £ o] Ex 2 9ls}
At ZE A= 47l &P = isotype control an-
tibodyZ ©]£3}9l 1 BD Pharmingen (Becton Dickin-
son, Mountain View, CA) 2. 2 F-E F¢13}e] AL-8-31%
ok SXI0H ZE 7 FAlo] dAF F 4Co A Ao
A 3087F vk2A171 & 0.1% bovine serum albumin¥}
0.02% sodium azide7} &% PBSZ 2zte] Al Z sl
EAe wj71#] 5001, Le] 1% paraformaldehydeS &3t
ato] YA 4°ColA Bastiet. Al £84]-2 EPIC-
XII (Beckman Coulter Co., Miami, FL) & ©] &3}o] &
A shith.

5. AETIel £F

=
T
5
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DA WFD B YT g AoIN o
A -80°CHl BRI MgNEE ST E
TNF-a, IFN- v, 283 A9 94485 Hol= TGF-
B, 9924285 Y= 1
2 triplicatedle] A|EF}QlQ] %S =A g on 717
o] HAF @A+ TNF-q7} 5.1pg/mL, IFN-y ©]
pg/mL, TGF-3°] 1.7pg/mL, IL-10°] 4pg/mL°]
EE AJE7}Q] ELISA kit+= R&D systemol| A -9 5}

E AYS 3R A3 Htgk

o th&le] one-way ANOVA (analysis of variance) & =2
Natslar, 2H7tel v &o & Abo] & Student’
atgi T g, CD4+CD25+A 29 A E 7}
y ANOVAR BA Aglstsiom, pgrel
B TAA FoFe R AFsAT

& MZE 8 A

T T A AE A 9 "z F2o] A
HEAZS dolr7] 98 2,500cGy2] WA S A
BALB/c SPE A}= A *E(stimulator) & C3H/He SP (H
%), B-C3H SP, C-C3H SP9] A XZ4] AL S ¢
AT 8 F 24417t Hol dixTto] vlske] AlE
2ol ol stAl AAH AL AA Evhe A=A EZ} v
SAE HlEo] 119 wf 7 A A e TH(R
A Eol] 3 whSAEO] B S 1:1, 26.7+9.7%;
5:1, -193+£6.7%; 10 : 1, -9.3£6.2%, P<0.01).

C-C3HAAM = 47 Z29A7E dJ et (A=A =
of that BkSAE] B & 1:1,-3.1+£22%; 5: 1,25
+10.6%; 10 : 1, -8.5£59%) A=A L9} ¥H-3-A X9
H &of| wet zto]7b gllth, ey Al X F2 o] B-
C3HO A B @A A 7AaE o] (P<0.01), H-2 com-
plexoll tiall © SolAo|d 1 A F2] A= FEA}
g el Solde] AATHFig. 1).
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Fig. 1. The comparison of stimulation index between
B-C3H and C-C3H against control (n=6). The cell pro-
liferation was shown markedly decreased state in B-C3H
among other groups when stimulator (S) versus responder
(R) ratio was 1 :1 (*P<0.01). There are shown more di-
minished proliferation of B-C3H than that of C-C3H (TP
<0.01). Control means cell proliferation in untrasfused
C3H spleen (SP) and irradiated BALB/c SP. B-C3H,
C3H/He SP received with irradiated BLAB/c SP; C-C3H,
C3H/He SP received with irradiated C57/BL SP.
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H A2 Al Ast 2 A7)l l‘%is}b T Al3Z(CD3,
CD4, CD3), B Al Z(B220), t2] Al & (Mac-3), At A
A E(NK1.1)E FITCS PEZ & A -a}oi B8 A3}
=7, T4, v BRollA | ol TA| X, BA X,

AL B AA At HILA l‘%it Hz2 4ol

3k 2o 7 k. 2+ A7lol A CD3+CD4+CD25+ T
Axes gz J% B-C3H, C-C3HY] Z4u H| &l A
2ol 7} ghd o, FAlof| A B-C3HS] CD3+CD4+CD25+

Al 27} t 232 C-C3H| H]ste] dAsHA S 7Fsksd
t}(33.8+16.4% vs. 17.5£11.0%, 17.7£2.2%, P<0.05)
(Table 1).

3. 48 MAE HIZMES (EZ HIEMEL
E8ig S8 MESA HEO Hlm

T8 AT BAAAETE A3 e T R E
(paracrine effet)el] W& o) 2 V) AA EQ Al EF2
o] F35 Zo}lH gk} B-C3H SPY C-C3H SP¢} &
EHZ;‘ SPE :‘ZELO}M = o‘l“ J—‘l‘ Kﬂ}%‘-éﬂ% Al
Atk v 2+ SP9} B-C3H SPE 1: 12 &§3)

Table 1. The percentage of CD3+CD4+CD25+ cells in
each organ (n=6)

Bone marrow Spleen Thymus
Control 9.0%5.2 16.0+£9.8 17.5+11.0
B-C3H 9.9+3.3 15.8+£9.6 33.8+£16.4*
C-C3H 8.4x41 11.0£9.0 17.7x£2.2

*P <0.05. Control, C3H/He; B-C3H, C3H/He received with
irradiated BALB/c spleen cells (SP); C-C3H, C3H/He re-
ceived with irradiated C57/BL SP.

N2 A7 EFctA B2 BFETG AEF2H o] AAH

Aoyt FAACRE frofstA ¥skth eV C-C3H

SPE & SP9t E3te - -ETh oo iy

o] (P<0. 05) B-C3H SPo| A C-C3H SPR.t} #2]&H

A ZF2 o] AA =AU E3H FEAHRE T2 SPot
0

SP
5 A
) =+ SPE 710] :9:61—6]— 2E F9 1 §j ]-
2 A fol vste] &3 ngoﬂ #AG ] FrelskA
Al 22 o] A = ATHP<0.05) (Fig. 2).
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Fig. 2. The comparison with stimulation index for mixture
of untransfused spleen cells (SP) and transfused SP (n=5)
according to ratio. There were shown more profound in-
hibition in mixture (control SP+treated SP) than no mixture.
Also, the inhibition was partially dependent on H-2 com-
plex, but not different in high ratio (*,TP<0.05). B-C3H,
C3H/He received with irradiated BALB/c SP; C-C3H, C3H/
He received with irradiated C57/BL SP; N, control SP; T,
treated SP.

Table 2. The level of cytokines in supernatant of cell proliferation

IL-10 (pg/mL) TGF- A (pg/mL) TNF-a (pg/mL) IFN-7 (pg/mL)
Control 10.6x0.5 994.8+43.9 11.5+£1.2 6.3+0.6
B-C3H 11.0£1.0 981.3£36.2 11.6+£1.3 6.2+0.4
C-C3H 10.1£1.2 965.6+41.2 12.3+£0.8 6.6+0.3
Mix (1 :1) 10.8+0.2 1,146.3+59.8 10.4£0.5 7.3x0.9
Mix (1 :10) 31.0£2.9* 1,152.6x70.9 10.4=1.4 6.6x1.0

*P=0.013. B-C3H, C3H/He spleen (SP) received with irradiated BALB/c SP; C-C3H, C3H/He SP received with irradiated
C57/BL SP; Mix, control SP plus B-C3H SP. The parenthesis of mix means the ratio of control SP and B-C3H SP.
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C3H (10.1£1.2 pg/mL)o] H]3te] S a4 27159

1:18€&2 Yx+3 B-C3H SP7} £3d 4%
(10.8£0.2pg/mL) &} Hlwate] & IL-109] =3 gko]
AH(P=0.013). TGF- 8, TNF-q, IFN-y & 2E ol

H

A 2ol 7h gLl BH(Table 2).
il &
T 78 S AF7A HEH AE 9 a5 A
%7M St 2ol ek HEA X8 WPoR Q1A etn
. 28y FF 9 (allogenic blood) A4l FE A
% AE £ AN 5532 (alloantigens) E°l| =
A o 2H %z‘?i 1 19+-2- (alloimmunization) ©] Y 4°

[e)
A AAH A 2 (transfusion associated immunomodu-
lation, TRIM)C’}E]- gz HAHe =o thoksl W

AUeS FEITHY 2 AP 58 A A
AEE AAG AZARNE FForn dofd 5
S Mg sttt ddelA FEE 93
wd A e £U BBsEA 9E 1o} R
B olZEA 25| wj#e] AR ol TEA ~E 9
TF7h SR A

T HAddA] Ee AT T E Tl n}
$22 BEZYRATO| A L2 FECR v §
ol Al 713k Folshel o8le Mejugol By
of ol TSl astAw” 43 e 2
ol 91 Agole Mukgo] Frhath B A7
A IL28 F PAAE AR HAAEY FEL
HA A 7] 5ol EAHATE FUEH = A E FoAH
WA ZAMEFo] Folde whet WA 7} A A8
Eted'” ol FdHE AT} }zyl »9 Az}
g & ¢ Qv o O}EEAVH Ax2E F4 o}‘ﬂ

SR g K Aﬂi«l Bﬂrz}vﬂP%ﬁ&
AL CDA+CD25+ TAHI o] FA 3 S7isl e, 53,
FAA 71 Bol S7FE AT A7) o)A Aol 3E
AHE-0] 428 (donor specific transfusion) 24 CD4+CD25+
TAZ7F =25 o] A EE0] FAdA Fe] 2
sttt Axte} 2o met [L-29] B o]
CD4+CD25+ TH 9] F24] o] IL-2¢] o3 % dA|s}

Al vebe = g7] wZel o]l =23 §4d 4

oItk 18] 3 IL-27} CD4+CD25+ TA|
Z:éi‘-'&}%:— FoxP32] &4 3}o]| 593k o3t
2@ AlEoklolgka & 4 slon”
A SRE e BFAA e B3 Sgol
5, dAe] WS dodje A9t Ben
L2 54 Fagozs L4 $AE B
314 steith ¢k, FE A7 253 (donor lym-
2 AlxE
(double negative regulatory cell) 7} =¥t} 4 B o
Fol A double negative TA|Z7} Q¥ %] k=t

e oY nS e RO

phocyte transfusion) & A &8t ©]|F 4

Margenthaler =Y} Young BV A EE 293 ¢}
& 159 ol el et A3hE Hueldl] o
01‘31 Ao} A3 WAl zpo]o o Ao = APz}

st}

Zd TA X9 FH 5] &I (paracrine effect) & &
oli7] P&l FEA X WA e AEY A A T2 A
= iﬂ'&}@] A=A E(BALB/c, H-2%)o )3t A%
ZARA$E ZelstHth C3H/Hed SP¢ B-C3H SPut
C-C3H SP BFoA &3sts 4-FHoh fostA Al
EF2 o] AA A= olelg A= o A=
A Z(B-C3H & C-C3H)°ll A C3H/He SPol| th 3t
mooz el BAE S FEATe & 5 gl
3] C3H/He SP9} # %] ¥k Spe] H|-&o] F5 3 H]
&2 238U Ao B-C3H7} C-C3HE T #9
SHAl Al 254 0] AAlE AIEA H-20] SolHo®
g3t & 4= Qi ol FES Fil FY &
ol & Hole T E HuEY UA e Ayeta &
Q)b MY €AW C-C3H SPA M = o= HE A E
Z20] A F Y= ol g A= Wallgren 579
ol fAbsitta & 4 gl 2 713 C-C3H SP|
A HBolH oz BHE = AEFRIC oA Y
Zﬂ‘*%l UrE‘r” T °]‘3]r"’ A7+ et
% Eo] C3H/He Ao thslo]

‘:H%E‘.—H]Eﬂre Ur‘:)r T e d@ds Adgstr] Sl
A 73 WA EFE HolE TGF- 89 Al EE4
o] #ol&t= TNF-q, Thig rﬂuq ol A|E7}1<I IFN-
7 = [IL-10& A Ex34 S
el vl gFet A w Aol Zhze] ] HEE E
ST IFN- ¢ &= 2E A Fo A 2po]7} glo] A=
ufj 7§ 4 o} ¥F-S-(cell-mediated immune response)©] =
g o] % Fojslx] FEevhe AL AAska ok B3,
TNF-q, TGF- 87} & Ad 3 2= #9
& Ztol & gtk 53] TGF-B& 8 Al ofZEAIA
A EZ7F FEHAA A 2o A HFH o] EH)st
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Al H 3ol g o] fr= M A 7F debdria a3l e
W 2 dpe} Aozt gigith 2y fx2a +4
A2 e spe} EFste] MEFAS At B
oAl A wke Spr}h1: 1008 Be AL A
IL-109] ¥u7} S7hE AL & 5 EA%D} IL-102 7}

2 EAQ AARE A EFRICZA £ XA F
Z7}9 CDA+CD25+A Eol| A Eu =tz A zaic).
thE B3 vlete] AA) we AT} BRE A5 A

AHA =715 Q7] w o e CD4+CD25+A1];1. 3
2 @59 tha A zHshth, CD4+CD25+ TH EE IL-10
o] FH 9} CTLA-4E BT Al Z-A 20 HFo= WY
AA71 %S Yerdk wheb £33 Ax) we A%
So] gFFoz ZAT AL IL-10S Eslo] CD4+
CD25+AIZ7} WA 5 S Zettn A2gn>
BE FY AR B2 v oy FA A dixT
slo] & A 31A CD4+CD25+ Txﬂ?y} Z7Fet 7] W
o T2 &3 o|u} B-C3H & C-C3HI A E IL-109]
SHEA Buthe AREA Ax JEFE ol ¥
QA 717de] g3t B2sie ko zo] A

oA FEAA W vFPAEY FA AE A
CTLA-49] @&d-& AFslodor & Aoz Azhair),
ARHo 7 48 u FUHE o} LEA|A H AL

52 8 o] Fof| 8] CD4+CD25+ THA X7} &
2lejo] W A wkg-o] Yehum WA= IL-10

o g A ZF@'EFH] & ¥} (paracrine effect)‘é %}01] q
ATt ‘L}E}’\i g
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= = HZXA
2 Pgol Tk Bagel e 4 Utk £E2
Qe 2% 5 49 AR ZAT FL B A
el A Ee] F7hATE Hask o £8 &
el olAe] o A& Aol Amd el
FelA 9 @tk oo Axe FE F A YR
ola) Wel A7t HEHEAE FolnA B ATE
REER
H H

: 553 BALB/c (H-2°, donor), C3H/He (H-2%,
recipient), and C57/BL (H-2", third party) u}$-22 2

goll A3kt BALB/e mH-2(H-2¢, 28Ah 9k C57/
BL (H-2", third party) P}$-222] ] &4 3 (spleen cell,
SP)E Ao 2,500cGy WA S ZAFSE & o] & C3H/
He (H-2, #8ahnt$-29 me] 4uS B F9at
HA] Interleukin-2 (IL-2, R&D system, Minneapolis, MN)
£ 7 B O FASEATE 24417 ol 24, §A4,
HZG(SP) A Al ZE Atk BAPd 2AHE $F BALB/
¢ SPE A= A| E (stimulator) & A}-83Fe] BrdU ¥y o
22 HEF e Aty HAAZE B4
st7] Qa4 A Oﬂ"i a2 Ao BW x4

F

AN ETRIE ﬂol%}ﬂ %oﬂ %% Hx
Aol Ao A ELISA W © 2 TNF-q, IFN- 17,
TGF- 3, 1L-1o— =7 319t}
’*I'-} F 247 FHo AlE FAe] F
M_Jﬂ o] = H-2 complexel| A Tt & "6Pi’ﬂﬂ‘r 24
A17F Hell oA CD3+CD4+CD25+A| Z.€] fa?ﬂ
7171 ek FH EH) g35 dolr Al s
o A=, C-C3H SPE Thae] A XZ2 A FZHE
Ho]Fl o1} B-C3H SPE £¢-50] o &7l A%
2l oz ZaE Bg. AEFFQ IFN-y, TNF-qa,
TGF- & Ad w2 2ol zbo] 7} gl o, IL-
100] 22 A& W v S 1 1002 &334

$AM fesl F7HE

l‘l

OlN Nm (i r-|~'

dE: Y T 2447 Hd g U Alx A&, 53]
CD4+CD25+A ol ol W 24 vhso] Frd S
o) 2= o]
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