Suppression mechanism of acute graft-versus-host
disease by cytokine-induced killer cells
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YA bH A VFHEF T — (cytokine-induced killer, CIK) Mifilx, ARSI CHGE S E/21) Y NERT, FF 250
X 5 — (natural killer, NK) ffaB X OTHE~ —» — O F % 58 4. @& MR IC BV CCIKMfL o2
TFiEL, NKHR Lot 2B R TH HNKG2D % 4 L 2 9tHEB G2 7R LoD, B %5 £/ (graft-
versus-host-disease, GVHD) % IEBICIICHA O L Z L HE SN T D, LA L. ZOWFIE T 255 eI3WH
ERTwav, REFgeiE, CIKMIBLASE EBHRMINY (dendritic cell, DC) #3945 2 & 12X 1) GVHD % i0#Hl§ 2
WED, FLTFDO LD RIHIREFEIC A >~ % —7 20 v < (interferon-y, IFN-y) 2535089 O H
2DV L7z, CIKM I Cri ARG E T v v A 12B W, <7 A GRS 48 L7-DCIZx L, 5
WHIRBG S R R L7z, C oMBafEE R, NKG2D HRIBUR OIS X - T2{b¢3, NKG2D / NKG2D
)Y RRUSN O OG- 25RE S 7z, [WFEIFN-y KIE~ & 2 f% CIKMIIE O DC 23 2 Ml Sk i1
B A H < 7 A 3k CIK MR & bl L T 7 b o 7243, IFN-y ARIHTR 2 7800 L 72 87 A2 5 CIK I o 1 B 45 54 1k
WZZEAbIE e 2o 72, IFN-y 1, ZERISHIGEEEICEE LY 5.2 20w, CIKHIL X8 | Ml i G
REDLUHESA M HA VTHDHEZEZ LNz KIC, [FfECIKMEAERNTRHEEDC % LT % 0% FAEE
BERSHEE 7V~ 7 2 CHE L7z, B sh 7 | CIK MU 2 8k L 72 £~ 7 A0MIEIC BT 2 EDCH
FRAFEILIFN-y RIE~ 7 A K CIKMIE 2 e SNz~ ARHIEHWGVHD ET VR 7 ADZ N RS &

B o7z, fEF e L, [FFE CIKAEIE, IFN-y 12 & A E 1k oiEisic X 0 5 S DC # 48k L, GVHD % #]

HlLTwaEEzbni.
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A MH A FHEFX T — (cytokine-induced Killer,
CIK) $H1a1%, 1991 4E 12 S Hs S, bk Cldskmyim
VY REE, vy ATEEMREESA -T2 »
(interferon, IFN) —y, £ % —1 4 ¥ (interleukin,
IL) -2, JiCD3HARDIFTE T T2 ~3H B ZGE S 5 2
ETHELNEY. CIKMMIZE— oML~ TIdR <, F
F 2 F )V & F — (natural killer, NK) fifaoo~—7—Td
HNKG2D & & 7 —THllfg~ — 7 —DOCD8 /i % 58 3
ANKG2D “CD8 O iffi#if & NKG2D  CDS8 O il % & et
BoMBERTH 5. CIKMILIINKG2D 12 & - THA
SN D FEHOE A B T A IR O PUE B i 14
B o0? BHLH*E 9% (graft versus host disease,
GVHD) ZIEHIMICE DA Z LB~ 7 X ET VI

SHIT4E9H 24 H2ft, SHI14-10 A 15 H s

BT 2 [ fE CIKAML 0 78 T #iE EBR TS S Tw 22,
FEBROBERICH O GE > TH Y, FRISMLTE
LHEVEFTEIES ORI AR DY D 2 L T—ED%)
FxEFTw2Y9 L, CIKHIFEOPIESSFEO
AHZANIELTIRELOMANRD L5, ol
L AGVHDHIHIDO A S = XL EE 72 Lonh) LIRS
T, KREFFE T, 183 OFREBIRMIL (dendritic
cell, DC) A%, BAEF x5 E RS % BMGd 5 ECiw b EH
R TH A L XY, CIKMF I IESEHIE IR $ 5 5T
JEBERIREZ RT O L FABEICHEEDCEBE L, GVHD®
EREEAZETEEL20TRERVAEIRE L. F721FN-
y/K3E (knockout, KO) <7 A5 A & 7z CIKAIIE A
A 7GVHD 5| & 242 &2 5, IFN-y (&CIKA

Abbreviations: BM, bone marrow; BMT, bone marrow transplantation; CIK, cytokine-induced killer; DC,
dendritic cell; GVHD, graft-versus-host disease; IFN-y, interferon-y; IL-2, interleukin-2; KO, knockout; NK,

natural killer; WT, wild type
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Fig. 1. Expansion of CIK cells and generation of dendritic cells
(DCs).
CIK cells were expanded ex vivo as follows. Splenocytes were
isolated from C57BL/6 (B6) mice and cultured in RPMI-1640
medium with 10% FBS in the presence of IFN-y at 300 IU/ml.
After 24 hrs of culture, the cells were transferred to a plastic
flask coated with anti-CD3 monoclonal antibody and the
culture was continued with recombinant human IL-2 at 300 [U/
ml. For the generation of DCs, 2 x 10° bone marrow (BM) cells
from B6 mice or Balb/c (H-2%) mice were cultured in 10 ml
RPMI-1640 supplemented with GM-CSF at 20 ng/ml. On day 3,
6 and 8, GM-CSF was further added and non-adherent DCs
were harvested on day 10. More than 90% of the harvested
cells expressed phenotype characteristic of DCs (CD11c”
MHC class IT ).
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Fig. 2. Compositions of CIK cells.

Within the bulk culture of expanded CIK cells, two main
subpopulations can be distinguished, one co-expressing the
CD8 and NKG2D molecules (CD8"NKG2D ") while the other
presenting a CD8'NKG2D ~ phenotype. The majority of
expanded CIK cells are CD8" but CD4 " CD8§" cells can be found
as well. Double positive (CD4“CD8") or double negative (CD4~
CD&) phenotypes are rarely detected within bulk CIK cultures.
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Fig. 3. Transplantation model and evaluation of host DCs by flow
cytometry.
Lethally irradiated Balb/c (H-2%) hosts received BM cells from
WT B6 (H-2") together with splenocytes from WT B6, CIK cells
from B6 or CIK cells from IFN-y KO B6 at indicated doses.

Evaluating host DCs on day 5
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Fig. 4. Determination of the absolute numbers of DCs.
Absolute number of host DCs (Gr-1"CD3 DX5 B220, and CD11c¢") within the spleen was evaluated on day 5 after bone marrow
transplantation (BMT) by counting chambers and flow cytometry. Within the total splenic mononuclear cells, 7AAD negative live cells
were gated (A) for analysis. Among the live cells, H2-d positive host splenocyte were selected for further analysis (B). Within the host live
splenocytes, lineage-negative (Gr-1-CD3 DX5 B2207) cells (C) were analyzed for the expression of CD11c (D). Total counts of CD11c*
DCs were calculated from these data.
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Fig. 5. Cytotoxic assay of CIK cells against DCs.

SICr release assay was performed to evaluate the cytotoxic
activity of CIK cells against DCs. Both syngeneic (open
circles) and allogeneic (closed circles) CIK cells showed
significant killing activity against DCs. Allogeneic CIK cells
exhibited significantly more kKilling activity at broad range of
effector-target ratios than syngeneic CIK cells. Allogeneic CD8
positive cells did not show any killing activity against DCs
(data not shown).
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Fig. 6. Reduction of host DCs induced by CIK cell
transplantation.
Splenic DC numbers were compared between days 1 and 3
after BMT and compared among different BMT conditions.
Compared to standard BMT model (closed circles, BM cells
with splenocytes), DC numbers were significantly reduced
when BMT was done with CIK cells (open circles). Closed
squared show the control with BM cells only.
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Fig. 7. Effect of NKG2D blocking antibody.

40:1 201 10:1 5:1 2.51

E:T ratio

Role of NK cell surface antigen NKG2D in cytotoxic activity of allogeneic and syngeneic CIK cells was evaluated by adding neutralizing
anti-NKG2D antibody in the killing assay. (A) Cytotoxic activity of B6 CIK was determined using Balb/c DC with (open circles) or without
(closed circles) anti-NKG2D antibody. (B) Cytotoxic activity of B6 CIK was determined using B6 DC with (open circles) or without

(closed circles) anti-NKG2D antibody.
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Fig. 8. Cytotoxic assay of IFN-y KO CIK cells against DCs.

0 v L T L )
40:1 2011 10:1 5:1 2.5

Killing activity of CIK derived from WT B6 (A, closed circles) was compared with CIK derived from IFN-y KO mice (B, closed circles),
using syngeneic DC as target cells. Killing activity of IFN-y KO CIK cells was much less compared to that of WT CIK cells. Addition of
anti-IFN-y neutralizing antibody to the assay did not show any significant effect (A and B, open circles).
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Fig. 9. Reduction of host DCs induced by IFN-y KO CIK cells.
Splenic DC numbers were compared on day 5 after BMT
among different BMT conditions. Compared with standard
BMT model, splenic DC numbers were significantly reduced
in the presence of WT CIK cells (p<0.05). This reduction was
reversed when CIK cells from IFN-y KO mice were used. *
p=0.0028 * s p=0.0191
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Abstract

Cytokine-induced killer (CIK) cells are ex vivo—expanded T lymphocytes expressing both natural killer (NK)- and
T-cell markers. It was reported previously that adoptive transfer of allogeneic CIK cells in a murine model causes minimal
graft-versus-host disease (GVHD) with retention of antitumor activity mediated by NKG2D, an activating receptor expressed
on NK cells. The mechanism of suppression of GVHD by CIK cells is not fully understood. We examined whether allogeneic
CIK cells suppress GVHD by eliminating host dendritic cells (DCs), and then whether interferon (IFN)-y is involved in such
suppression mechanisms. In the *'Cr release cytotoxicity assay, CIK cells showed strong cytotoxic activity against DCs
generated from rodent bone marrow (BM) cells. This cytotoxic activity did not change with the addition of NKG2D blocking
antibody, suggesting the involvement of mechanisms other than the NKG2D / NKG2D ligand system. Next, we showed that
the Kkilling activity of IFN-y knockout (KO) CIK cells was decreased compared to that of wild-type (WT) CIK cells. To further
explore the mechanism whereby IFN-y KO CIK cells exhibit reduced Kkilling activity against DCs, IFN-y neutralizing
antibody was added to the reaction mixture with WT CIK cells. However, the Killing activity of WT CIK cells against DCs did
not change with IFN-y neutralizing antibody. These results suggested that IFN-y itself does not affect killing activity,
although IFN-y is essential to the enhancement of Kkilling activity during the ex vivo culture of CIK cells. Our next
experiment addressed whether CIK cells eliminated host DCs in vivo. We compared the residual number of host-typed
splenic DCs between mice receiving BM cells plus WT CIK cells and mice receiving BM cells plus IFN-y KO CIK cells. The
data showed that the number of host DCs in the spleen in mice receiving the WT CIK cells was significantly lower than that
in mice receiving IFN-y KO CIK cells. In conclusion, we propose that allogeneic CIK cells eliminate host DCs due to
enhancement of killing activity by IFN-y, leading to attenuation of GVHD.



