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To prepare for shortage of blood components and to avoid side effects such as blood borne infectious dis-
ease, blood substitutes such as artificial red cell (artificial oxygen carrier) and artificial platelet are being de-
veloped.

As for oxygen carriers, there are several candidates such as perfluorochemicals, modified hemoglobins and
lipesome encapsulated hemoglobins and albuimin heme. Perfluorochemicals have limited oxygen carrying ca-
pacity and oxygen inhalation is mandatory when they are used. Modified hemoglobins such as intermolecular
or intramolecular cross linked hemoglobins have side effect to cause hypertension by scavenging nitro oxide
(NO) which is produced by endothelial cells, because the size of these hemoglobins are small enough to go to
the adjacent place near endothelial surface.

Hemoglobin vesicles (HbV) in which hemoglobins are encapsulated in liposome is most possible candidate
for oxygen carrier. Usefulness and safety of the HbV is evidenced by animal shock model or exchange transfu-
sion modet and they are now being prepared for clinical trials as red blood substitutes or oxygen therapeutics.
Albumin heme in which recombinant human serum albumin incorporating synthetic heme is thought an ideal
resuscitation fluid as this material has colloid oncotic pressure. '

Short time storage and viral infection are sericus concern in platelet transfusion therapy for bleeding
thrombocytopenic patients. Adhesion of the platelet to the collagen surface and aggregation at the bleeding sites
to plug holes in blood vessels, and to facilitate the function of the remaining platelets is a starting point in devel-
oping platelet substitutes and several platelet substitutes have been proposed on this theory.
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Research Report

Cytotoxic Difference of T Cells Expanded with
Anti-CD3 Monoclonal Antibody in the Presence and
Absence of Anti-CD28 Monoclonal Antibody

YOSHIKO YAMADA-OHNISHI,! HIROSHI AZUMA,! NORIKO URUSHIBARA,}
MIKI YAMAGUCHI,! MITSUHIRO FUJIHARA,! TETSUJI KOBATA,?
and HISAMI IKEDA!

ABSTRACT

Bulk T cells can be expanded by CD3 stimulation alone {CD3-Ts) or by CD3/CD28 dual stimula-
tion (CD3/CD28-Ts)} of peripheral blood mononuclear cells (PBMC). However, few reports have de-
scribed the difference of features between CD3-Ts and CD3/CD28-Ts. PBMC were stimulated with
anti-CD3 monoclonal antibody (mAb) alone or co-stimulated with anti-CD3/CD28 mAbs immobi-
lized on plastic plates, in the presence of rhlL-2 for 4 days, subsequently cultured in the presence
of rhIL-2 with no antibody then analyzed. The expansion rate was significantly lower for CD3-Ts
(965 + 510-fold, n = 5) than CD3/CD28-Ts (2263 + 856-fold, n = 5) (p < 0.05). The CD4/CDS ra-
tio, the percentage of CD28* cell, and the percentage of T cells with no ability to generate intracy-
toplasmic interleukin-4 (IL-4) or interferon-y (IFN-y) were all significantly higher, but, phenotyp-
ically, memory cells were lower in CD3/CD28-Ts than in CD3-Ts. The levels of activity of both
natural killer (NK) and lymphocyte-activated Killer (LAK) cells were lower in CD3/CD28-Ts than
CD3-Ts. In comparison to CD3-Ts, CD3/CD28-Ts showed impaired migration toward RANTES. In
conclusion, T cells expanded with anti-CD3 and anti-CD28 mAbs differ from those expanded with
anti-CD3 alene with proliferation, cytotoxicity, chemotaxis, and phenotype. These differences may
exert profound influences on the therapeutic potential of output cells.

INTRODUCTION

NTIGEN-SPECIFIC T CELL ACTIVATION requires both a

T cell receptor-mediated signal (1st signal) and a co-
stimulatory molecule-mediated signal (2nd signal) (1,2).
The events caused by CD28-mediated signals have been
studied extensively in vitro using purified naive CD4¥ T
cells, memory CD4* T cells, or CD8% T cells. It is be-
lieved that the role of the CD28-mediated signals is to
enhance the signal intensity regulated through the T cell
receptor (TCR) leading to the sufficient induction of cy-
tokines such as interleukin-2 (IL-2) and expression of the
IL-2 receptor. These events are believed to contribute to

the enhancement of T cell proliferation and activation,
CD28-mediated signals also have many other effects on
T cell, for example, a reduced probability that lympho-
cytes all undergo apoptosis, possibly because of the in-
duction of anti-apoptotic protein (3,4) or resistance to M
tropic HIV (5). In addition, the 1st signal without the 2nd
signal drives T cells into an anergic state (6). Together,
these reports indicate that CD28 molecules and the sig-
nal transacted through them may influence the features
of ex vivo-activated and proliferated T cells.

It has been reported that ex vivo expansion of periph-
eral blood T cells in numbers suitable for therapeutic use
is possible by culturing T cells with a combination of

'Hokkaido Red Cross Blood Center, Sapporo 063-0002, Japan.

2D0kkyou Medical College, Mibu, Tochigi 321-0293, Japan.

315



YAMADA-OHNISHI ET AL.

anti-CD3 menoclonal antibody (mAb) and 1L-2 (50-200
units/m!) and these bulk T cells have natural killer
(NK)/lymphocyte-activated killer (LAK) activity (7-12).
Therefore, they have been used for adoptive cellular im-
munotherapy in animal models and in clinical settings
(13,14). In addition, T cells that are simultaneously acti-
vated by both anti-CD28 mAb and ant-CD3 mAb have
been shown to proliferate better than T cells activated
with anti-CD3 mAb alone (15,16). A clinical trial with
doubly simulated bulk T cells as a tool for adoptive cel-
lular immunotherapy has also been started (17,18).

Because of the recent clinical use of these T cells, it
was important to elucidate the differences. Thus, we
stimulated whole peripheral blood mononuclear cells
{(PBMNC) with mobilized anti-CD3 mAb alone or with
immaobilized anti-CD3 and immobilized anti-CD28 mAbs
in the presence of rhiL-2 and analyzed the features of the
output cells.

MATERIALS AND METHODS
Preparation of mAb-coated wells

Anti-CD3 mAb (OKT3) (Ortho Pharmaceutical Corp.,
" NJ) and anti-CD28 mAb (PharMingen, San Diego, CA)
were diluted at a concentration of 5 pg/ml in phosphate-
buffered saline (PBS) (—). Twenty-four-well polystyrene
plates (Sumitomo Bakelite Co., Tokyo, Japan) were
coated overnight at 4°C with 150 ul of anti-CD3 mAb
in combination with 150 gl of anti-CD28 mAb or PBS.
The coated plates were washed several times with
PBS(—) before use.

Preparation of cells and their ex vivo expansion

The ex vivo expansion of lymphocytes was performed
as described elsewhere with some modification (7). Af-
ter 4 days of culture in the presence of IL-2 and 10% fe-
tal calf (FCS), cells were transferred to noncoated flasks
and maintained by replenishing medium containing 175
units/ml of recombinant human (rh)IL-2 every 2 or 3
days. The total expansion rate was calculated as the prod-
uct of expansion measured at each passage (7). Cells cul-
tured for 12-14 days were used for experiments. The
“bulk” T cells expanded by CD3 stimulation alone and
CD3 and CD28 stimulation were designed by CD3-Ts
and CD3/CD28-Ts, respectively. Informed consent was
obtained from all donors.

Analysis of cell-surface markers-
mAbs used for cell-surface marker analysis were as fol-

lows: FITC- or phycoerythrin {PE)-conjugated anti-CD3,
anti-CD356, and anti-CD62L were from Immunotech (Mar-

seille, France); anti-CD4, anti-CD8, anti-«STCR, anti-
CD45RA, anti-CD45R0, anti-CD93, and anti-CD28 were
from PharMingen; anti-CD18 and anti-y6TCR were from
Recton Dickinson (San Jose, CA); and anti-CD25 and anti-
CD45RA were from DAKO A/S (Denmark). For staining
the chemokine receptor, fluorescein isothiocyanate (FITC)-
or PE-conjugated anti-CCR3, anti-CXCR-4, anti-CXCR-5
{DAKO) and anti-CCR5 (PharMingen) were used. Analy-
sis was performed using Cytoron {(Coulter, Tokyo, Fapan)
flow cytomelter, and at least 4000 events were analyzed.

Preparation of CD3%, CD4%, and
CD8* T cell-rich fractions

CD4* and CD8™ T cell subsets were enriched by neg-
ative selection using anti-CD8 and anti-CD4 magnetic
beads (Dynal, Lake Success, NY), respectively, accord-
ing to the manufacturer's protocol. The purity of the
CD4* or CD8* T cell fraction was greater than 90%.

Assay for NK cell and LAK cell activities

A conventional 4-h 3'Cr release assay was performed
on days 12-14 using K562 cells for the NK activity as-
say and Daudi cells for the LAK activity assay as
described elsewhere (7). In some experiments, con-
canamycin A (CMA) (Sigma) was added to the well at
a specific concentration to inhibit perforin-mediated cy-
totoxicity (19).

Intracellular cytokine and perforin staining

For cytokine detection at a single-cell level, the ex-
panded cells {5 X 10%) were incubated with or without
40 ng/m) of phorbel myristate acetate (PMA) (Sigma)
and 4 pg/ml of ionomycin (Sigma) in the presence of
40 pg/ml of brefeldin A (Sigma) for 4 h in 5% CO, at
37°C in conditioned medium. Then, cell-surface mole-
cules were stained using Pc5-conjugated anti-CD3,
CD4, or CD8 mAbs (Immunotech). Cells were fixed and
permeabilized using IntraPrep permeabilization reagent
(Coulter, Tokyo, Japan). Subsequently, intracellular cy-
tokine or perforin was stained using FITC-anti-inter-
feron-vy (IFN-¥) and PE-anti-1L.-4 mAbs (Immunotech)
or FITC-anti-perforin mAb (PharMingen). Nonspecific
fluorescence was analyzed using isotype-matched con-
trol mAbs. Analysis was performed using an Epics XL
flow cytometer. CD3*, CD4%, or CD8™* T cells were
gated and up to 15,000 events were acquired for each
analysis.

Extracellular cytokine selection

Expanded cells (2 X 10%) were washed twice in PBS
and cultured in 2 ml of culture medium with or without
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FIG. 1. Comparison of the expression of cell-surface melecules. CD3-Ts and CD3/CD28-Ts were collected on culture days
12-14 and assessed for the expression of various cell-surface molecules by flow cytometry (A, double staining; B, single-stain-
ing). Data shown are representative of five independent experiments.
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TaBLE i. ANALYSIS OF CELL-SURFACE MARKERS AND INTRACYTOPLASMIC PERFORIN
CD3-Ts CD3/CD28-Ts
CD4* T cells 19 * 10 (i0-36) 36 £ 4 (304D p <005
CD8* T cells 72 = 9 (58-81) 59 > 3 (56-63) p < 0.05
CD4/CDS ratio 0.28 = (.20 0.61 * 0.09 p << 0.05
Mean * SD (range}, n = 5
Experiment ] Experiment 2
Subser Fresh PBMC CD3-Ts CD3/CD28-Ts Fresh PBMC CD3-Ts CD3/CD28-Ts
CD3 18.7 93 2.2 34.6 217 g8
CD4 4 04 0.1 11.6 14 0.7
CD8 64.3 7.5 3.2 493 223 6.1

CD3-Ts and CD3/CD28-Ts were collected on culture days 12-14 and the percentage of CD3*, CD4*, and CD8* cells (up-
per) and intracytoplasmic perforin* cell in each subset (lower) was assessed by flow cytometry. Statistical analyses were per-

formed using the paired t-test.

10 ng/ml of PMA and 400 ng/m] of ionomycin for 24 h
in 5% CO5 at 37°C. Then, cytokine concentrations in the
culture supernatant were assayed with an ELISA kit for
IFN-v, tumor necrosis factor-a (TNF-«), IL-4,I1.-10, and
IL-13 (BioScurce International, CA) according to the
manufacturer’s directions. The detection limit of the
ELISA kit for IFN-v, TNF-a, IL-4, IL-10, and IL-13 was
8.6, 1.7, 2.0, 5.0 and 16.5 pg/m], respectively.

Chemotaxis assays

Chemotaxis toward various concentration of SDF-1a and
RANTES (R&D Systems, Inc., Minneapolis, MN) were as-
sayed using transwell polycarbonate membranes (24-well
format, 5-pum pore size) (Kurabo, Osaka, Japan). The ex-
panded cells (5 X 105200 ul) were added to the upper
chamber. After incubation for 4 h at 37°C in 5% CO;, the
transmigrated cells in the lower chamber were enumerated,
The percent migration was calculated as (the absolute num-
ber of cells from that population migrating in the presence
of chemokine)/(the total number of celis) X 100,

Statistics
For the statistical analyses, the paired Student’s r-test

was used. The Mann—Whitney U test was used for com-
parison of the cumulative expansion rate,

RESULTS

Evaluation of cell proliferation and cell-surface
markers and chemotaxis

The expansion rate on day [4 of CD3-Ts and
CD3/CD28-T was 965 = 510-fold (range 326-1551-fold,

n = 5) and 2263 * 856-fold (range 1428-3527-fold, n =
5), respectively. As can be expected, there was a signifi-
cant difference (p < 0.05), and, regardless of CD28 co-
stimulation, most of the expanded cells were positive for
CD3 and oBTCR and some (10-20%) co-expressed
CD36. Substantial numbers of y§TCR* T cells were also
observed in some experiments (data not shown). The dif-
ference in the percentage of CD4+ T cells, CD8* T eells,
or CD4/CDE ratio in CD3-Ts and CD3/CD28-Ts was sig-
nificant (p < 0.05) (Fig. 1A, Table 1, upper). Some of the
cells expressed CD25 (IL-2 receptor), and CD34 (ICAM-
1}, and most expressed CD95 (Fas} and CD18 (LFA-1),
regardless of CD28 co-stimulation (Fig. 1B). More than
90% of CD3/CD28-Ts compared to approximately 60%
of CD3-Ts were positive for CD28. The percentage of
CD45RA™ cells tended to be higher among CD3/CD28-
Ts than CD3-Ts, In contrast, the percentage of CD45RO™
T cells tended to be lower in the former than the latter
(Fig. 1B). The percentage of CD45ROTCD62L" (mem-
ory T) cells was significantly lower among CD3/CD28-
Ts (147 £ 9.3%, n = 5)than CD3-Ts (28.5 = 8.5%,n =
5) (p <0.005) (data not shown). Both bulk T cells
equally migrated toward SDF-1. In contrast, CD3/CD28-
Ts migrated significantly less than CD3-Ts in response to
RANTES (data not shown).

Evaluation of killing activity and percentage
of perforin-positive cell

Both NK and LAK activity was significantly weaker in
CD3/CD28-Ts than CD3-Ts at all E/T ratios tested (p <
0.05) (Fig. 2A). To address whether or not this difference
can be explained by the different CD4/CD8 ratio, we com-
pared the CD4-rich population with the CD8-rich popu-
lation of the same bulk T cells in terms of their killing ac-
tivity. However, there was no significant difference
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FIG. 2. Comparison of NK activity and LAK activity. (A) CD3-Ts and CD3/CD28-Ts were collected on culture days 12-14
and NK activity and LAK activity were measured at an E/T ratic of 4, 10, and 40. The results of seven independent experiments
are shown as the mean £ SD. Both the NK and LAK activity were significantly higher in CD3-Ts than CD3/CD28-Ts (p < 0.05).
(B) CD4* T cell and CD8* T cells were negatively selected from the bulk T cells, and their killing activities were measured at
an E/T ratio of 40. The results of three independent experiments are shown as the mean = SD. There was no significant differ-
ence between the NK (or LAK) activity of the CD4*-rich fraction and CD8*-rich fraction.

between the fraction (Fig. 2B). The killing activity of these
bulk T cells was clearly blocked by CMA (data not
shown), suggesting that it is mainly mediated by granule
exocytosis (perforin/granzyme pathway). The percentage
of perforin-positive cells in both bulk T cells populations
was lower than that in fresh T cells. Furthermore, the per-
centage of perforin-positive cells was lower among
CD3/CD28-Ts than CD3-Ts (Table 1, lower).

Evaluation of cytokine production

To determine if the expanded T cells become Thl
(Tc1)-type or Th2 (Tc2)-type cells, we evaluated the cy-
tokine production at a single-cell level (Fig. 3). Neither
IFN-v- nor IL-4-positive cells were detected without re-
stimulation (data not shown). When CD3* T cells were
gated, IFN-y™ IL-4~ (Th1/Tcl} cells were dominant in
both bulk T cells. However, the percentage of Th1/Tcl
cells were significantly lower among CD3/CD28-Ts
{53.7 = 13.9%) than CD3-Ts (71.4 £ 9.4%) (p < 0.05).
In contrast, the percentage of IFN-y~/IL-4~ (ThO/Tc0)
cells was significantly higher among CD3/CD28-Ts

(43.2 = 15.6%) than CD3-Ts (21.6 = 7.4%) (p < 0.05).
The same results were observed when CD4* or CD8* T
cells were gated. Even if the incubation time with PMA
and ionomycin was extended to 24 h, the results were the
same. Next, we measured the cytokine levels in the cul-
tured supernatant of expanded bulk T cells. Without re-
stimulation, the levels of the cytokine measured were al}
below or near the detection limit (Table 2). After stimu-
lation, the production of Thl cytokines (IFN-y and TNF-
o) was remarkably enhanced compared with the produc-
tion of Th2 cytokines (IL-4, IL-10, and IL-13) in both of
the bulk T cells, although the data varied among exper-
iments. This is basically consistent with the observation
at a single cell level.

DISCUSSION

CD28 co-stimulation affected the characteristics
of expanded cells at day 14

The expansion rate, the CD4/CDS ratio or percentage
of CD4* T or CD28™ T cells on day 14 was significantly
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FIG. 3. Comparison of the expression of intracellular IFN-y and IL-4, CD3-Ts and CD3/CD28-Ts were collected on culure
days 12-14 and restimulated with PMA and ionomycin for 4 h. Then, intracellular IFN-y and IL-4 were analyzed by flow cy-
tometry as described in Materials and Methods. The resulis of four independent experiments are shown as the mean = SD, Sta-
tistical analyses were performed using the paired #-test. (*) The difference is significant (p << 0.05). The percentage of IFN-y~IL-
4™ T cells was higher (p < 0.05) in CD3/CD28-Ts than in CD3-Ts.

higher in CD3/CD28-Ts than CD3-Ts. Furthermore, sev-
eral additional differences were revealed. That is, com-
pared with CD3-Ts, the percentage of phenotypically
memory T cells, (CD45RO*CD62LT cells) (20,21) is
lower in CD3/CD28-Ts, and the percentage of T cells
that produce neither IL-4 nor IFN-y (nonpolarized T
cells} {22} is significantly higher in CD3/CD28-Ts (Fig.
3). In addition, CD3/CD28-Ts showed impaired migra-
tion to RANTES compared with CD3-Ts. These differ-
ences indicate that CD28 costimulation affects the char-
acteristics of CD3-Ts. However, whether this difference
was due to CD28 co-stimulation itself or merely reflects
the difference in nature between CD28* T cells {which
are abundant in CD3/CD28-Ts) and CD28~ T cells
(which are abundant in CD3-Ts) remains to be addressed.

As far as the cytokine production pattern is con-
cerned, both bulk T cells were demonstrated to have
the ability to secrete huge amounts of tumoricidal cy-
tokine (IFN-y and TNF-a). Consistent with this intra-
cytoplasmic cytokine analysis showed that Thl (or
Tcl) type cells were predominant in both bulk T cell
populations (Fig. 3).

CD28 co-stimulation affected the
NEK/LAK activity at day 14

The percentage of perforin® cells decreased in both
bulk T cells compared with fresh-CD3* T cells (Table
1, lower). This suggests that CD3 and/or CD28 co-stim-
ulation may not enhance the production -of perforin. It

TaBLE 2. CoMPARISON OF CYTOKINE PRODUCTION

Ist stimulation

Restimulation Cyiokines Anti-CD3 mAb Anti-CD3/CD28 mAbs

- IFN-y 98+ 2] 87+ 0.2

- TNF-a BOx24 7.8 = 3.0

- IL-4 2202 24x05

- IL-10 <5.0 <5.0
IL-13 22.1 %297 <16.5

+ IFN-y 51.009 *+ 30.748 51.346 = 43.148

+ TNF-« 12.050 * 6.348 13.863 = 12,741

+ IL-4 2354 = 101.8 1215 = 90.6

+ IL-10 29.1 + 251 27.6 £ 26.2

+ IL-13 1161.5 * 362.7 693.9 = 499.0

Mean = SD,n =3

CD3-Ts and CD3/CD28-Ts were collected on culture days 12-14 and restimulated with or without PMA and ionomycin for
24 h as described in Materials and Methods. The concentration of cytokine in the culture supernatant was measured by ELISA.
The results of three independent experiments are shown as the mean * SD (pg/ml). There were no significant differences in cy-

tokine production ability between CD3-Ts and CD3/CD28-Ts.
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should be stressed that the NK/LAK activity of CD3/
CD28-Ts was significantly weaker than that of CD3-Ts,
because it is believed to be important for the in vivo an-
titumor effect. This may not reflect the difference in
CD4/CDS ratio between them, because when the killing
activity of the CD4-rich fraction and CD8-rich fraction
in CD3/CD28-Ts was compared, no significant differ-
ence was found (Fig. 2B). The same result was obtained
when CD3-Ts were analyzed. In addition, we could not
see any apparent difference in cell surface expression of
CD18 and CD54, which are supposed to be involved in
nonspecific killing (Fig. 1B). Based on the fact that the
NK/LAK activity was clearly blocked by CMA, the
killing activities of these bulk T cells must mainly be me-
diated by granule exocytosis (perforin/granzyme path-
way) (19). In this sense, the fact that the percentage of
perforin* cells was lower in CD3/CD28-Ts than in CD3-
Ts may explain, to some extent, why CD3/CD28-Ts
killed the target less effectively than CD3-Ts. It is pos-
sible that some other factor, such as granulysin, plays a
role in the killing activity because the percentage of per-
forin* cells (especially in the case of CD4* T cells) was
less than 1%, while these CD4% T cells still showed
NK/LAK activity (23).

Overall, in both CD3-Ts and CD3/CD28-Ts, Thl (and
Tcl)-type cells were dominant and showed no difference
of cytokine production ability. However, they were differ-
ent in terms of expansion rate and cell-surface marker phe-
notype, such as CD4/CDS ratio, percentage of cells with
memory phenotype, percentage of cells with Th0/Tc0-type
cells, chemotaxis toward RANTES, and NK/LAK activity.
These facts, at least, the difference in killing activity be-
tween them, should be taken into consideration, because
the difference may have influence on their therapeutic po-
tential in antitumor immunotherapy.
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Ex vive EXPANSION AND CHARACTERIZATION OF EPSTEIN-BARR VIRUS-SPECIFIC
CD4POSITIVE BULK CYTOTOXIC T LYMPHOCYTES

Noriko Urushibara”, Yoshiko Yamada®, Toru Miyazaki”, Miki Yamaguchi”,
Hideaki Murahashi®, Tatsuya Sekimoto", Shin-ichiro Sato",
Toshiaki Kato", Mitsuhiro Fujihara”, Hiroshi Azuma" and Hisami Ikeda”
YHokkaido Red Cross Blood Center
2Research and Development Laboratory, Nipro Corporation

Epstein-Barr virus (EBV)-specific cytotoxic T lymphocytes (CTLs) were induced from PBMCs
of a sero-positive healthy donor by stimulation with an autologous EBV-transformed B-lympho-
blastoid cell line (EBV-LCL).CD4* lymphocytes with high cytotoxic activities were found in the cul-
tured fraction. The purified CD4* bulk CTLs were expanded with immobilized anti:CD3 and anti-
CD28 antibodies in the presence of IL-2. The CD4* CTLs showed vigorous proliferation, up to 6,000-
fold cumulative expansion. They maintained high killing activity against autologous target cells while
exhibiting no NK and LAK activities, even after expansion. These data indicate that ex vivo expan-
sion with immobilized antibodies is useful to obtain a large number of CTLs without losing their spe-
cific activities. The eytotoxity mediated by the CD4" bulk CTLs seemed to depend mainly on the
perforin/granzyme pathway because a H*-ATPase inhibitor, concanamycin A, strongly inhibited the
killing. The CD4* CTLs proliferated in response to autologous monocyte-derived dendritic cells
pulsed with one of the EB viral proteins, EBNA 1. This finding suggests the existence of EBNA 1.
recognizing clone (s) in the cell fractions. When stimulated with autologous EBV-LCL or .activated
with PMA and ionomycin, the CD4* CTLs predominantly produced IFN-y, not IL-4, indicating that
they belong to the T helper 1 (Thl) type.

Key words : CD4° CTL, ex vivo expansion, EBV, EBNA-1
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Fig.4 Mechanism of cytotoxicity mediated by CD4* bulk CTL

(A) ¥Cr-releasing assay was performed in the presence of various concentrations of
concanamycinA (ConcA). (B) RT-PCR analysis was investigated on perforin, gran-
zymeB and FasL, and the PCR product was 888 bp, 180 bp and 572 bp respectively. -
actin mRNA was used as an internal control (238 bp PCR products}. PCR primers
were as follows | perforin sense 5'-GAG GCC CAG GTC AACATA GGC ATC3' and
antisense 5 -TCA CCA CAC GGC CCC ACT CCG GTT-3" ; GranzymeDB sense 5°-
TGC AGG AAG ATC GAA AGT GCG-3" and antisense 5'-GAG GCA TGC CAT TGT
TTC GTC-3" ; FasL sense 5'-GGA TTG GGC CTG GGG ATG TTT CA-3' and an-
tisense 5'-GAG CTT ATA TAA GCC GAA AAA CG-3 ; B-actin sense 5" -GGG TCA
GAA GGA TTC CTA TG-3' and antisense 5° -GGT CTC AAA CAT GAT CTG
GG-3'. PCR thermal cycles were as described in Maferials and Methods.
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FL{ET L (Fig. 4A), concanamycin A JEFTE
BEOIERE (89%) 1t LT, £ 1/4 1R (23%)
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Fig.5 EBNA l-specific proliferation
Proliferative response of EBV-specific CD4" bulk
CTLs was measured by *H-thymidine incorporation.
Responses to EBNA 1 {0-10pug/mi) were observed.
Representative results of three similar experiments
are shown.
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Fig.6 Thl-type behavior of EBV-specific CD4* bulk CTLs
Expression of IEN-y and IL4 was examined. (A) Intracellular cytokines were ana-
lysed by flow cytometry. Cells were gated on CD4" T lymphocytes and the results
were displayed as histograms. (B) Secreted cytokine concentrations were determined

by ELISA.
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QUALITY ASSURANCE OF CRYOPRESERVED CORD BLOOD
UNITS BY EXAMINATION OF TEST SAMPLES

Nozomi Ito", Norihiro Sato?, Yuko Mogi®, Miki Araseki”, Sadamitsu Yamamoto”,
Hiroshi Azuma®, Hisami Ikeda" and Tamotsu Miyazaki®
"Hokkaido Red Cross Blood Center
Y okkaido University Hospital, Blood Transfusion Service
YHokkaido Cord Blood Bank

Quality control of cryopreserved cord blood has assumed greater importance as the number of
unrelated donor umbilical cord blood transplantations has increased. At present, we examine cryo-
preserved samples before cord blood transplantations, but it is unknown whether their results ade-
quately reflect the quality of cord blood units. In this study. we tested the viability and recovery of
colony forming cells (CFC) of 30 cord blood units (CB) and 2 kinds of samples. As test samples, we
used segments (Seg) and tubes (Tube}. With regard to viability, there was a high correlation between
CB and sample type (CB vs Seg : r=0938,CBvs Tube i r= 0.939). Recovery of CFC of CB also cor-
related with sample type (CB vs Seg ! r =0.879, CB vs Tube : r=0.817). These results suggested
that the quality of CB could be determined by the testing of samples. Based on these results, criteria
for cord blood transportation can be established.

Key words : cord blood, quality assurance. cryopreservation, viability, colony forming cells
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Cryopreservation in liquid nitrogen after freezing at -80°C for 2 hours

Fig.1 Method for processing cord blood cells
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Fig. 2 Comparison of viability between cord blood
units and test samples
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