TECHNICAE REPORT
RERF TR 7-82

E B & E

SPECIFIC STUDIES OF IN VITRO GENERATED CYTOTOXIC T
LYMPHOCYTES DIRECTED AGAINST HUMAN TARGET CELLS
GROWN IN MONOLAYER CULTURE

ErMEEREHRBERENERICIETIRBEAN
FEHRBREEMETICNNEROSEN

MITOSHI AKIYAMA, M.D. $XILEF
KYOKO KOBUKE, M.D. /I EEHF
SAEKO FUJIIWARA, M.D, BExHF

8
R/
RERF

RADIATION EFFECTS RESEARCH FOUNDATION
BEBZEA W& R 8 2 MW R R
A Cooperative Japan — United States Research Organization
B X # A W % # K



A paper based on this report was published in the following journal;
THREICE T B LG TEOHEIIBE s 1.
Hiroshima J Med Sci 32:49-58, 1983

RERF TECHNICAL REPORT SERIES
HEMXBESEE

The RERF Technical Reports provide the official bilingual statements required to meet the
needs of Japanese and American staff members, consultants, and advisory groups. The
Technical Report Series is not intended to supplant regular journal publication.
BOEMARASIE, BREMIRLL, M5, HHEMOERIIEE 54200 IEFEC
ELLARGEBTHL. EHRENIARMOELEEA LI Nb2L DT W@ a2 v,

The Radiation Effects Research Foundation {formerly ABCC) was established in April 1975 as
a private nonprofit Japanese Foundation, supported equally by the Government of Japan
through the Ministry of Health and Welfare, and the Government of the United States through
the National Academy of Sciences under contract with the Department of Energy.
M BREBREM(CABCC )W, BHSOEAH LNIAHEALLTRELALOT, O0RRIAKERTED
PEFBINL), UARBEENHPR, KEIL ALY BB ACES(REFIROBEDHEEEL ST
EEsh TS,



RERF TR 7-82

ngﬁﬁ RADIATION EFFECTS RESEARCH FOUNDATION

RERFM@&AEQ%T#EE,?#H%

R

SPECIFIC STUDIES OF IN VITRO GENERATED CYTOTOXIC T LYMPHOCYTES DIRECTED
AGAINST HUMAN TARGET CELLS GROWN IN MONOLAYER CULTURE

ErEERREEAREN AR O T 3B SR

SEMPEERLETY >

NEORRN%

MITOSHI AKIYAMA, M.D. ( BXIWE# )'; KYOKO KOBUKE, M.D. ( R %HET »:
SAEKO FUIIWARA, M.D. ( BEE#&F )2

Departments of Pathology! and Medicine2
FRE RUBSEL 2

SUMMARY

Specific cytotoxic T lymphocytes (CTL) against
HLA antigens of skin fibroblasts were generated -

with mixed lymphocyte culture (MLC). As most
human solid tumor cells grow in vitro as mono-
layer cells like fibroblasts, this study will be a
valuable model for generating specific CTL against
human cancer celis.

Nonspecific cytotoxicity (CTX) was detected as
early as the 4th day by primary in vitro sensiti-
zation (IVS), and the activity continued until
around the 8th day. By secondary IVS the activ-
ity was detected from the 1st day. The specific
CTX by primary IVS was detectable from the
7th day to around the 10th to 12th day, and by
secondary IVS, from around the 2nd to 4th day.
However, obtainment of specific CTX only was
rarely the case, and the probability of obtaining
them did not increase until the 9th to 10th day
by primary IVS and until the 3rd to 4th day by
secondary IVS. This is related to reduction of
blastogenic response in MLC and suggests that
inactivation of blast cells generated by MLC is of
importance in obtaining specific CTX.

A CTX assay was conducted using cryopreserved
CTL, which revealed that in most cases non-
specific CTX either decreases or disappears
altogether. On the other hand, specific CTX activ-
ity (more than 30% reduction of only test target
cells) remained and the specific CTX pattern was
good and evident in many cases,
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Next, a study was made to develop a model for
the peneration in vitro of specific CTL against
autclogous tumor cells. Substituting HLA anti-
gens on skin fibroblasts for cancer cell antigens,
IVS was made using third party MLC. As CTL
cannot be induced directly against autologous or
allogeneic fibroblasts antigens themselves (same
as against many autologous cancer cells in the
absence of other stimulants), it was generated
against fibroblast antigens by adding allogeneic
lymphocytes as third party stimulators. This
cryopreservation technique was also effective in
increasing the specificity of CTX.

INTRODUCTION

MLC and cell-mediated cytotoxicity (CMC)
studies have shown that lymphocytes cultured
with allogeneic lymphocytes respond to allo-
geneic HLA antigens (HLA-D) by undergoing
blast transformation, and subsequently CTL can
be differentiated and directed against the target
cell antigens present on the stimulating cells.'™
Whereas target cells autologous to or syngeneic
with responding lymphocytes are not usually
destroyed in CMC assay, in which the target cells
used were grown in suspension culture.5

In practice, however, most human solid tumors
are grown as monolayer culture cells in vitro, and
when the CMC tests are performed by using
effector cells penerated in vitro against mono-
layer tissue culture target cells, nonspecific CTX
often develops. These monolayer culture target
cells appear to be very sensitive to nonspecific
cytotoxic effects of blast cells. 317

These observations led us to attempt elimination

_or reduction of nonspecific CTL from MLC cells
when we studied cell-mediated immunity against
tumots in vitro in order to determine whether
there is any underlying specific CTX.

Thus, production of such CTL and development
of methods to maintain and preserve such cells
will present a useful experimental model in vitro
to study specific cell-mediated immunity which
may reflect in vivo phenomena arising in response
to allografts or tumors.

Therefore, the present study was undertaken to
establish selectively specific CTL generation by
MLC against surface antigens expressed by human
skin fibroblast target cells, and also to study
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methods of cryopreservation of effector cells in
order to check whether their function can be
maintained. Cryopreservation has proven to be
an effective way for reducing nonspecific killing
cells and retaining function of specific CTX of
effector cells.

For the purpose of generating specific CTL to
autologous tumor cells, the conditions necessary
to generate CTL against monolayer cultured
tumor target cells were also studied by using
allogeneic fibroblasts as stimulator cells, since
they are known to bear serologically defined ($D)
HLA surface alloantigens just as tumor cells bear
SD antigens.
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TABLE 1 HLA LOCUS ANTIGENS ON LYMPHOCYTES
AND SKIN FIBROBLASTS OF DONORS

#1 REF0) I REUVERGEFRE LD

HLA RA{Z-T-BE$E [

Normal Sex HLA Locus Antigens

Donors A 5 - -
M.B. M 2 7. 12 5 3
C.S. M 2,29 12 5
Y.K. M 2, 9 5 1
JE. F 2,10 12,27 1
T.P. F 11, w24 12,40
IM. M 1, w24 8,15 2,3
M.C. F 2' 29 12 1

Dr. John Hanson (Fred Hutchingson Cancer Research Center, Seattle) &
Dr. Bo Duppon (Sloan-Kettering Cancer Center, New York) tested HLA

typing of donors.

Dr. John Hamson( Seattle 7 Fred Hutchingson SR & > # — J& Dr. Bo
Duppon( New York Hi Sloan- Kettering # & > # — ) 4, {E{% ¢ HLAR&s
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MATERIALS AND METHODS

Details of the study subjects from whom lympho-
cytes and skin fibroblasts were obtained are shown
in Table 1. HLA typing was performed by
Dr. John Hanson (Fred Hutchinson Cancer Cen-
ter, Seattle, Washington) and Dr. Bo Duppon
(Sloan-Kettering Institute for Cancer Research,
New York).

Isolation of human lymphocytes from peripheral
blood was performed as described elsewhere,l®
Briefly, human peripheral blood mononuclear
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cells were isolated from normal volunteers, who
were also donors of skin fibroblast cell lines, by
defibrination and use of Ficoll-Hypague solution
(specific density 1.077+0.001} followed by three
washes before suspension in test medium forIVS.
The test medium consisted of Eagle’s minimal
essential medium (MEM) containing 10% heat-
inactivated fresh normal human serum which is
usually obtained from stimulator donors in IVS,
and 100 IU of peniciliin and 100 ug strepto-
mycin/mi (1% P/S), 1% nonessential aminoacid
(NEAA) and 2 mM fresh L-glutamine (1% L-
glutamine). These moncnuclear cells were used
as responder and stimulator cells for IVS.

In Vitro Sensitization. One-way MLC was used
to sensitize responder normal lymphocytes
under various conditions against alloantigens on
irradiated stimulating lymphocytes or fibro-
blasts (irradiated with ®*Co to 2,250r1ad and
4,500 rad, respectively). MLC was performed in
tissue culture flasks at several ratios of responder
and stimulator cells and keeping the conditions
similar to those used for MLC in microtest plate
(Falcon #3040), i.e., keeping constant the ratio
of responder cells per bottom surface area of
culture flask and the final concentration of
responder cells. Unless otherwise noted, half
volume of culture medium in the flasks was
usually replaced every three days with fresh test
medium.

Harvesting MLC Cells from Flasks and Checking
Mixed Leukocyte Response by °H-thymidine
Uptake. Eighteen hours before terminating sen-
sitization, 0.2ml of cell suspension was trans-
ferred from each culture flask into wells of the
microtest plate. Triplicate samples were made
and labelled with >H-thymidine (H-TdR,
0.5 uCijwell, specific activity 5 Cifmmole} for
18 hours, and the cells were harvested by the cell
harvester. The remaining MLC cells in the flasks
were washed with Eagle’s balanced salt solution
(EBSS) three times and resuspended in test
medium (consisting of MEM+10% prescreened
heat<inactivated fetal calf serum (FCS), 1% P/S,
1% NEAA, and 1% L-glutamine) for CMC assay.
The cells were counted with trypan blue solution
and adjusted to 2.5x 10%/mi.

Freezing and Thawing MLC Cells. The cryopreser-
vation method used was a slight modification of
Miller et al.'® The cells were centrifuged and
resuspended in the test medinm for CMC, to

,

BEE(ENaESTEREOBREETLLHS)»S
7 4 77 v & Ficoll-Hypaque ¥ (81,0771
0.001 ) *FAVTHEEL, 3 EBEFHE, RBREASBE
DIHT A MEEEIZERLE. ZOF A FEREEO
#iix, RETNBEICSIT SHEERIERED, S
BEEBINIFHEF v PR TEELLL
L D E10%E tr Eagle’s B H BB FE (MEM ),
A=) 210010/ ml, A FL T w4 Y1000/
ml(1%P/S), 1 %HEHETI /8, EUFE
L-Znvsg 3 ry2oM(1%L-FN23 7 )60 5.
chsoliEMAkE, RBEEABRECLHORE
MR CREIR# RS L TR

HBEEANHKIE. One-way BEY ¥ IREFEL R
T, H4DOEFETC, REtEFEML 2HHY ¥ 8
BRSUALAR HEZF A (2 1 #h2,250rad, 4,500radd
WCo FRHLE) LT UHMBIML CRIET S
Eg) v /RABMELA. HEEE75AINT,
EAEME Gl e s Bor OB IIH T TRE
Yoy NIRRT . ZORE, EESERE, <4
s0F A b7Vl —t (Faleon $#£3040) ¢ -~ 8BS
yrrmsEoztiRAfE0E LA TS,
Rickja/RE7 72 TOEREHEOLERVER
MliEnRBiEEL-FEL L. RIlibsfurE
B, 7IAINOEREOESE, 3R LI, #MEE
AT A MEBRMLETHRL L.

F7ZXAPSQRESV - NBEEMRONERY
H-FIVLMHUAKICL S RERNBRIEHE.
BT O8BEMETIC, 0.2m] OFREEETE
EEISATINLETAIZOTALTL— FORAE
L. &EE3=-o4ERL, *H-#3 ¥ > (°H-TdR,
0.5£Ci/7, HiEfk 5Ci/mmole ) TISRERIEEEL /.
MRS CERR LA 7R TEE
B4 v sigRiak Eagle's #ERERTIH
BilL, FAMEEBE(MEM 4R —=» 7ES
OBRFIFELO%BFFMT, 1%P/S, V%FL
ET I/ BRI L- vy V) TEEEL, i
A E RS T 2. MY/ - T
Wz, 2.0X108/ml cEEEL .

BE L RMEGERI RS SRR, AL LEE
Bk, Miller 6P OFZEHFELLLOT
55, MMZEOSEEL, MatMbEERO T A b



which, then, were added an equal amount of cold-
freezing MEM containing 50% heat-inactivated
FCS and 20% dimethyl sulfoxide (DMSQ) to
secure a final concentration of -30% FCS, 10%
DMSO, and 10~20x 10° cells/ml. One ml of
this cell suspension was transferred to a nunc
vial (NUNC serum tubes # 1076-01, Vanguard
International), and the vials were kept in ice
water for 5-10minutes and placed in a —80°C
freezer (Revco) overnight prior to transferring
into liquid nitrogen. The rate of freezingin this
system is four times as fast as that in a rate-
controlled freezer,

For recovery of frozen cells, the vials were thawed
in 37°C water bath with gentle agitation until the
last ice crystals disappeared. Thawed vials were
kept in ice water and within five minutes the
contents were slowly diluted with an equal
volume of cold medium containing 15% FCS and
thoroughly mixed. This was repeated two more
times to secure a final dilution of 1:8-1:12.
This suspension was washed twice by centrifu-
ging, and the pellets were resuspended in test
medium for determination of viability, recovery,
and cytotoxic activity. The percent viability of
frozen-thawed cells was 86.5%8.1% in unsensi-
tized cells and 84.6% 6.7% in sensitized celis, and
the percent recovery was 53.6*14.7% in unsen-
sitized cells and 62.4%14.1% in sensitized cells.

Cell Culture. Culture of normal skin fibroblasts
was initiated with finely minced explants from
seven healthy donors. The culture was maintained
in a complete medium consisting of 1% NEAA,
2mM fresh L-glutamine, 1% P/S, and 15% pre-
screened FCS in MEM. Cultures exhibiting
contamination were discarded. These fibroblasts
were used as monolayer culture target cells in
microcytotoxicity assay and as a source of HLA-
SD antigens in IVS between the 2nd to 17th
passages in vitro.

*H-proline Cell-mediated Cytotoxicity Microassay.

Cultured skin fibroblasts were labeled over-
night with 50uCi/ml of *H-proline (specific
activity 21.9-24.6 Ci/mmole), trypsinized, resus-
pended in test medium, and distributed into
microtest plates at 1,000 viable labeled target
cells per well, as described elsewhere.!720-2¢
Unless otherwise noted, a ratio of 250 effector
cells to ane target cell was used for *H-proline
CMC assay. After 40 hours of incubation in 5%
CO, and humidified air at 37°C, unattached dead
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target cells and effector cells were washed away
with 37°C phosphate-buffered saline containing
5% FCS. Then, the residual radioactivity (counts
per minute) of cells attached to, each well was
measured to indicate the number of viable target
cells temaining. Four or five replicates persample
were tested on control target monolayer cells
autologous to responder donors IVS as well as
test target monolayer cells autologous to stimnu-
lator donors.

Analysis. Percent CMC (% reduction of target
cells) was calculated as [1-(b)/(a)] x100, where
(a)=mean count per minute {cpm) of target
monolayer incubated with effector cells from
unsensitized culture, and (b)=mean cpm of far-
get monolayer incubated with effector cells from
sensitized culture. Here, for positive CTX of
effector cells, more than 30% reduction of target
cells and significant difference (at p<0.05 by
t-test) from mean cpm of five replicates of target
monolayer incubated with medium alone were
used.

For the determination of specific CTX by effec-
tor cells from sensitization culture, negative CTX
(<30% reduction of target monolayer) against
control target and positive CTX (>30% reduction)
against test target were considered.

RESULTS

Time Course of Primary and Secondary Mixed
Lymphocyte Culture. These studies were per-
formed in microtest plates. All cultures were set
up in triplicate containing 125X 10* responding
cells and 125x 10% irradiated (2,250 rad) stimu-
lating celis in 0.2 ml of test medium, cultured
for 1 to 15 days, and labelled with *H-TdR for 18
hours at a final concentration of 0.5 pCifwell
(2.5 uCifml). The proliferative response was
quantitated by scintillation counting of incorpo-
rated *H-TdR.

Figure 1 shows that primary MLC response
reached a peak on the 7th day and subsequently
declined and became zero, or weak, around the
12th day. When primary MLC cells were resti-
mulated by cells autologous to primary stimu-
lating cells (Figure 2), secondary proliferative
response was induced and reached a peak within
2-3 days. These responses were confined to allo-
antigens of the original stimulator cells.

FECENERR VL7~ 5 —MaE, 5%F4
MiEEEL37CUCHEBEFREATHRCTEL £.
iz, EREEAFLIwIBhoBRBEhAR(BY
oAy M) EREL, ExBRoENMROHE
FLA HE—IoE42w L 5 EERREE,
Bl iRt E RO RBIEMEEEL & R,
REBEABRECS TGS RIBM®REREO SR
BErYB#HaIowTTo k.

B, MBEdAlheER (EnAloSoR)
(1—(b)/(a)) XI00CEE LA 221, (aliddEEiE
EErSEHET 7oyl b IIREL BN
HEMBO 13L=008 7> b (epm) 251, (b)
i, REERETHEShAT 77 vk d1C
EBELAEAEBHEBOFE  pnisnt. 22T,
1775 —ffoMinEEEEE L, BRECS
TEELAEMEFHEBOT-OBEERENTY
epm & FNTI 7 27 ¥ —#ifak i BEEN
MARz30%L LR LHFLENEEE(t 7 A MTIR
p<0.06)7H 2IBETHS.

RAEEETCEShLI T =7 5 —HIBIC L 2 HREM
A EEE o B E R, o EENMECT 8
BELERESE (FENEEHBN% L ToR s )Ry
7 A MBI T 5 M 8 FIEME (30% 1L E
DED) DBERAHE L L.

% R

BE—RRBUBERRSV - RIEROBEEH. C0
HEETA 707 A b7 L—bCiiok. 7Z L
HegE ¥ 0.2ml 1=, 125,0000 [ 5 #0 K & 125,0000)
BB ST (2,250rad ) il B NS & B U REER
IR L, 1~15HMIKEeEl A%, H-TdRT
180509, AT EO.5.Ci/7K(2.5Ci/ml ) CHEH
L. EEEIE, HDPRAAH-TdRO > ¥ 7
v—Yary A9y brERRL .

M1k, B&Yr BRER-- ARG THBIIE -7
KEL, 20%TERL, 12BECA2012 235X
BELAZEEZRLTVE., —KES) v BREE
MifdT, — REIRGH RN I & - THRENR
haBe(H2), ZRBHREFEREN, 2~
SHNWEY—Z 2 LA 2hsORBR, FH
DR 7 o EICE shit.



pm
xo—

JH-TdA INCORPOCRATION

1 3 5

RERF TR 7-82

DAYS OF CULTURE

Figure 1. Time course of primary mixed lymphocyte culture. For standard one-way MLC
testing, triplicate cultures containing a mixture of 125,000 responding cells from C.S. and
125,000 stimulating cells (irradiated with 2250 red) from C.S. (O—0) or JM. (®—®) in
0.2 m!l of test medium were prepared in wells of microtest plates. 3H-thymidine (0.5 uCifwell,
specific activity 5 Cifmmole) was added to each culture 18 hours before harvesting on each day.
The data show mean counts per minute of triplicate cultures.
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Detection of Cell-mediated Cytotoxicity in
Effector Cells Sensitized In Vitro. In viiro gen-
eration of cytotoxic lymphaocytes was performed
in culture flasks under conditions similar to those
used for MLC in microtest plates in order to
maintain comparable culture conditions between
the systems. The responder cell density and
amount per medium surface area of culture flasks
were kept constant (ie., 125% 10° responding
cells in 0.2 ml of test medium per 0.282 ¢’ of
surface area of culture flasks).

In microcytotoxicity testing, 250 X 10% effector
cells were incubated with 1,000 *H-proline pre-
labelied target cells.

Figure 3A shows, that as compared with destruc-
tion of target cells by unsensitized cells, effector
cells sensitized to allogeneic cells for 3-6 days
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0AYS OF CULTURE

Figure 2. Time course of secondary mixed lymphocyte culture restimulated on day 14 of
primary MLC. For secondary MLC testing, triplicate cultures containing a mixture of 125,000
14-day primary MLC cells and 125,000 stimulating cells (irradiated with 2250 rad} in 0.2 ml
of test medium were prepared in wells of microtest plates. (C.S. + JMx) + C.5x, O—0;
(C.8. +JMx) + LMx, &—®: and (C.S. + J.Mx) + Y.Kx, &—h, SHihymidine was added to
each culture 18 hours before harvesting on each day. The date show mean counts per minute
of triplicate cultures.

M2 BAEYVy HR—REEOUEHIERBS W 2BEY > I RIANEORELH. Ee
Uy N RERFAMCEVWTR{ 7 D0F AT ORI, 0.2m 7 2 FEEHEDI,
125,000 B &Y » 2R 14 5 B — kSR & 125,00008 @ §##0 02 (2,250rad O HEEHE

HE) kG URAMO I EUEREREERL 2.

(C.S.+1.Mx ) +C. Sx | 0—O0THL,

(C.S.+I Mx )+ Mxigo—e?, (C.S.+IMx ) +Y Kxlia—aATRLA. BEEHEND

18 i AT 12,
LEHOREEIT Y PERLTVS,

strongly destroyed both target cells autologous
to responder cells and target cells autologous to
stimulator cells. But in the following days,
CTX to target cells autologous to responder cells
{nonspecific CTX) decreased. In contrast to this
nonspecific CTX, specific CTX to test target cells
autologous to stimulator cells came to be detected
after 7 days of sensitization (6 of 18 tests by
effector cells sensitized for 7 days). After this,
detection of the specific CTX became more clear
by effector cells sensitized for 8 or 9-11 days,
and subsequently in 12-14 days generation, CTX
against both target cells became weak or negative
(less by 30% or more compared with unsensitized
cells).

To reduce blastogenesis by responder cells, which
may cause nonspecific reactivity, the ratio of
responder to stimulator cells in the primary MLC

SH.# 3 ¥ v 4 FNFhOBEEEFIFRMNLA. -5, STHARREFD 1 H

7 & —flaE, K5tk o 8 p K & OlEk
Mizeisk o ErdlanmE 2 E L (BBELLZ R
ALTwa. LaL, FhLBRISHEREDEOER
Mz &t A MRS (JERREAMREET) RET
L. CoFFEROMBMET & GBI, BE
Wiadik o7 X MR N S BREEIEBE
ODTHRCHEREAED - {(TEMBELEZ 7 2
g5 —EICX3I80FAMDILEMNE). O,
HRAAEEEOFEME, 8wl 9 ~118 HEE
Lihz 72y —HFICEDEIZREIZZD, £0
#I2~V4AOFHR T, HHFOEHHICA T 585
BEEH 22 ,BM%L 2o~ (FEBEMA S LE
L T30%LFRES) .

FisHiiaic k- T, BEfmEGEzEI V28D
RAFERLEZHBa s 201, —KEBGV ¥R
HErEd IRk gaiank R uls v
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Figure 3 Cytotoxicity of effector cells generated for various times of in vitro sensitization. Cytotoxicity tests were performed
as described in the text. Effector cells were prepared at various periods of MLC. 250,000 effector celis (per well) were incubated
with 1,000 3H-proline prelabeled fibroblast target cells for 40 hours. The data show pereent reduction of target cells by sensitized
effector cells compared to unsensitized cells against target cells autologous to responder cells (®), and to stimulator cells <.
Primary in vitro sensitization was done with 1:1 ratio of responder and stimulator cells {A}, and 1:0.5 ratio (B} as described in
the text. Secondary in vitro sensitization was done with 1:1 ratio o f 10-day primary IVS cells and stimulator cells.
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MfeA 1 1 (AYRUL 0.5(B)O M THREBIFH—REBMEL T 2. BBRAE N R REME 1, MERW A0 E PI— K {E KIS A
HMaE l D loRTF o~

mean cpm with effector cells from resensitized culture

% cytotoxicity = (] — —
i y=( mean cpm with effector cells from unsensitized culture
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was varied. At the ratio of two responder cells
to one stimulator cell, less blastogenesis was
usually seen {data not shown), butrather strongly
reactive specific cytotoxic lymphocytes were
seen seven days after primary stimulation, with
decreasing changes of nonspecific CTX, ie.,
decreasing from 12 of 18 nonspecific CTX tests
at 1:1 ratio (Figure 3A) to 5 of 19 tests at 1:0.5
ratio (Figure 3B).

Figure 3C shows CTX test by effector cells gener-
ated in secondary stimulation of 10-day primed
MLC. There was a rapid increase of specific CTX
without much nonspecific CTX at 2-3 days
after restimulation.

Possibility of Preserving Specific Cytotoxicity.
Cryopreservation of effector cells was studied in
order to determine whether their cytotoxic activ-
ities could be maintained. In the method used
here, cryopreservation was made at a relatively
rapid rate. The cells in nunc vials were placed in
a —80°C freezer overnight prior to transferring
into liquid nitrogen. Freezing by this system,
made at a rate of —1°C/min from +4°C to —40°C,
was four times faster compared with a program-
med freezer.

Table 2 shows two representative experiments on
CTX of cryopreserved effector cells. Effector
cells in experiment 1 were prepared from 7-day
primary MLC. Responder M.B. stimulated
with J.Mx killed only J.M. fibroblasts. They did
not kill autologous M.B. fibroblasts. Experiment
2 presents the CTX of three-day cultured second-
ary stimulated lymphocytes. Although the res-
ponder (J.M.+M.Bx) restimulated with J.Mx did
not destroy any target cells significantly as com-
pared with JM. alone cultured for 13 days,
(J.M.+M.Bx) restimulated with M.Bx specifically
killed target M.B. fibroblasts,

Figure 4 summarized the CTX of cryopreserved
effector cells generated under several conditions
of MLC. Effector cells sensitized for 5-6 days
still showed high CTX against target cells autolo-
gous to both responder and stimulator cells, as
did unfrozen effector celis generated for the
same period in MLC. In contrast, 7-8 day sen-
sitized cells killed target cells autologous to
responder cells less (0 of 14 tests showed >30%
reduction}, but killed target cells autologous to
stimulator cells strongly (13 of 14 tests showed
>30% reduction, mean 51.3%). Effector cells

10
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Uy A, —KMEoTAERIIRES R, EBREMN
MlaEEDETAEDLNE. T+4bb, 1110
BHIIET318F R MR RCBD S NAEFFER
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TABLE 2 REPRESENTATIVE EXPERIMENTS ON CYTOTOXIC ACTIVITY OF
CRYOPRESERVED IN VITRO SENSITIZED CELLS

#2 RBEARERTREEBOMBEETEL CHT 3

FKEROAEEH
y Target Cells?/ {1000 cells/well)
i t ffect
Experiment  BffectorCells’  spraRuptake? M5, Fibrotit IM. Fibroblast
No. (250X 107 cells/well) (A2, —, B7,B12,CW5)5) (A1, AW24, B8, B15)5/

M.B. Alone Day 7 6220% 129 4028 £202 3124£108

L M.B. + IMx 5967211325 3753%509 1303 % 50*
IM. + pHAY - 1596169+ 11442112+
Medium Alone - 4713% 90 3568t 84
JM. Alone Day 13 - 2070%186 2889+100
OM.+MBx)+IMx 8456% 423 1650+ 144 2528+139

2 (M. +M.Bx) + M.Bx 38392 906 964+ 76* 2411%153
M.B. + PHA¥ - 2021 43% 333+ 21%
Medium Alone - 2554+ 83 3654+ 59

1) Effector cells were prepared from 7-day primary in vitro semsitization with 1:1 ratio of responder and
stimulator cells for exp. 1 and from 3-day secondary in vitro sensitization with 1:1 ratio of 1 0-day primed
(J.M. + M.Bx) and stimulator cells for exp. 2. x after stimulator celis indicates irradiation with 2250 rad.
FERATIE, RS A8l lokeeT HMORBERN ~KBE LT BEL 722 5 —ffa%it-
i, FEA2ZTI, 0AMBfEMEA(J. M, 4 M.Bx) HEgAiae 1l loRMT I AMORBEA-RBFEC LT
BLboEEol, RIBEIIOED x 122,250rad DBGHREBH LT T,

2) 3H-thymid’ine incorporation was measured before freezing effector cells, mean cpm t standard error of
triplicate samples from culture flasks,

TV —MEEEWET B, WFI YV MORAHLHEL A, BT 521 SITHEFREEY, 20TH
cpm EEHEBECHL 4.

3) 1000 target cells prelabeled with 3H-proline were seeded in wells of Falcon 3040 microtest plates. Mean
cpm X standard error of five replicates of remaining target cells after 40 hours incubation with effector
cells.
H7ADY v THE R L HEML LALLM BAME S, Falcon 304074 2 05X b 7L o FORIFEL L.
L7 27 5~ RRCAORFMIER L TR - 28080 5 THE AT cpm = BERmETHL 2~

4} Phytohemagglutinin-P (1:800) was added to induce cytotoxicity to freshly prepared lymphocytes.
M MRS % PHA-P(1 1 800) %, HRBEE LB S s 0, HALHBEL - WowaSIRICINE A

5) HLA locus antigens.
HLA /7 FHH R

* Significant cytotoxicity (>30% reduction compared with unsensitized control cells and P<0.05 by

students “t” test/.
AERIB O H I (FRRR e BRI L S L CH0% I L3, Srudent @ t TAMTRP<0.05 )

from 1:0.25 and 1:0.5 ratios of responder and 105 kROFIGMBRE CHEHEKRE» B0 H
stimulator cells also killed only target cells anto- BL7 = ¥ — ARG BIARRE R OB O &
logous to stimulator cells, but the frequency and LAY, 1. 1ORBCBLRITT =5 & —
magnitude of the CTX were low and weak as MIE T 5 &, MBISISE OB &R <

compared with effector cells from 1:1 ratio X - R _
(6 of 16 tests showed »>30% reduction, mean of $2 2% (1607 2 b6 #0%LL LEHERL,

26.2%, and 11 of 20 tests, mean of 34.3%). BIOMEII26.2%, W07 2 L alloBe, TR
34.3%).

Comparison of Activity of Unfrozen and

Cryopreserved Effector Cells in Cell-mediated BB I 77— AR EBREEEI 77 4

Cytotoxicity. Since specific CTX was cryopre- HRICET2HREEREEIHOLE. 2

served, comparative studies on CMC of unfrozen MiagErEgRETe 20T, Btk
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and cryopreserved effector cells were made in
order to determine the effect of cryopreservation
on cytotoxic activity.

The results of three representafive experiments
presenting the effects of cryopreservation on spe-
cific CMC are shown in Table 3. Effector cells
in experiments 1 and 2 were obtained from 7 day
MLC with 1:0.5 ratio of responder and stimulator
cells, and those in experiment 3 were obtained
from 7 days MLC with 1:1 ratio of the two cells.
Although the cryopreserved sensitized cells
showed weaker activity against both control and
specific target cells than unfrozen sensitized cells
did, the cryopreserved effector cells were still
highly and selectively reactive for the target cells
autologous to stimulator cells.

Table 4 shows the effect of cryopreservation on
CTX of sensitized cells against target cells auto-
logous to responder cells (nonspecific CTX).
Unfrozen effector cells of M.C.+T.Px and
M.C.+ J.Ex in experiment 1 and T.P.+M.Cx and
T.P+J.Ex in experiment 2 showed highly non-

specific CTX against all of the target cells, but.

" when these effector cells were frozen and thawed,
they came to kill selective target cells autologous
to stimulator cells in each MLC; they did not des-
troy target cells which were autologous to res-
ponder cells and those which had different
HLA-SD antigens recognized by responder cells,

Figure 5 presents a summary of comparative
studies made on CTX of unfrozen and cryo-
preserved effector cells prepared from 7-day
primary MLC. As seen in Figure 5A, some
unfrozen effector cells obtained from 1:0.5 ratio
of responder and stimulator cells killed more than
30% of control target cells compared with unsen-
sitized cells (4 of 13 tests), but after freezing
and thawing of these cells, reduction of target
cells never exceeded 30%. Although all of the
unfrozen effector cells killed test target cells at
a high rate, 6 of 13 cryopreserved effector cells
did not kill more than 30%. In Figure 5B, un-
frozen effector cells generated with 1:1 ratio of
responder and stimulator cells showed strong
nonselective patterns of CTX, but, when cryopre-
served, the same effector cells presented highly
selective killing of test target cells. The fre-
quency of 30% reduction of target cells and
magnitude of CTX of cryopreserved cells against
test target cells was 7 of 13 tests and with a mean
of 31.4+16.5% reduction by effector cells from

14

LT, ediffr 7 -2 ¥y —Mfa s HEREFT7 =
75 ML oRBHE LT, BEEREI AR
BEEELS I s B H ~-,

FRMEREERGBE R T A REETORES
FTREMEZONEBROERLHI IR L 2. £8
1RUZOIT o7 & —MERE, [0 Bk il fa
DHELIOSTIHHMOBEY ¥/ REEH» 58
. EB3OT 7 o2 4 —#f, EkRRoMBEaY
1: 1okRCERBHOESED 5B A, BERET
LR fERiRa L, SR mimmpnk 0, IEEmN
R U R AR S5 5 iSRRI v A, B
T7 =7 MBI, FlgAlEm ko ErnM#EiaT
HLTELLLALEBRWEIRIE®ERL &

F43, RGHRREFEOZEAMERIZ M-+ 5 BRI
OHMBRBERICRETEERFOREZRLELO
TH3 (FFRNMAEE). ER1IH175 M.C.+
T.Px BUMCHIEx oF#EET7 .7 ¥ —# B
b, BEE2I25133 T.P.+M.Cx RU' T.P.+J.Ex
OIFFELT 7 7 —#ifid, EHHRLSIIHT S
FERANMBBEFELrATAEL, ChE0
I7 205 —MBEEEL AHBHET AL, FHkE
3, ThThoBRE) ¥ A REECE T 3HEMR
BEOCEECEMBREIBT LI A2 LAL,
RiHRBAEOEN#RS, Kefdiac k- T8
Fh/-$24 5 HLA-SDHFE 2 & > EA#M AR L 0
TEZzER3 o0

ESik, THHEECES v IR—KIEETHES
hiaBEr 727y ML BEI 72277 —
MoMBEEICBEL T - - EBRHEoBs &5
LAbDTHa. MAIRGh B LI 12, Kk
S OHE 1 {0505, B6h dkueE
L7277 —MEEEORES i, JEEEMEE L
THBEEAMREI%L ELBRLAH(13DF A
DIb4), oMW L, BEHLAET
., EHEROBEPE0%EBLIEZ Lok,
FTRTOFFEEL 7 7 ¥ —HFE, SECTA b
FEadifas B L Y, EEREL 7 7 ¥ -l
1305 A b 6 TRIZMMAMAENNL EHE 210
7=, RSB eI, RSHENEI G IE o hAT 1

THBEShAFHESET 7 2 7 ¥ —HIfIE, Wo, &
ﬁﬁﬂ&ﬂﬁﬁ%”&—véﬁttﬁ,ﬁtl7l
7 & —MpRFFEEREsN S L, 7R MEMERIC
HLT, BOUBRABEHEZRLAE. 72 MEN
Mo H T 3 RERERROMEERE O 0%EEO
HERUEER, B/ v /SIRiE#1 1 0.00HE
THINZLT7 -7 5 —HBRTRIBOFAIRT T



SI

TABLE 4 EFFECT OF CRYOPRESERVATION ON CYTQTOXIC ACTIVITY OF EFFECTOR CELLS

#i 4

7 x7 ¥ —HROMEBEEE T3 BREEEDBE

Target Cell (1000 celis/well)

M.C. Fibroblast
(A2, A29,B12, =)

T.P. Fibroblast

(All, AW24, B12, B40)

LE. Fibroblast
(A2, A10, B12, B27,CW1)

Experiment Effector Cells 3
No.  (250% 10° celljwel)  TTOR Uptake
Unfrozen Cryo- Unfrozen Cryo- Unfrozen Cryo-
preserved preserved - preserved
Effector Effector Effector P
Cells Effector Cells Effector Cells Effector .
Cells Cells Cells
M.C.+M.Cx 675+ 25 3280%122 2873+152 2030193 1952196 1010 +27 989143
M.C.+T.Px 531682004 2275% 71% 3467t B1 492 £43% 1152 +£43% 578L£19* 957+35
M.C. + J.Ex 28030+ 474 1892 % 96* 2483% 55 1201137%* 1877£70 86E 4+ 462 23*
1
M.A. + PHA 867+46 684 % 48 99+ 4
Medium Alone 3526 £77 2302+ 90 1169 %37
T.P. Alone 2129% 51 3801110 43041157 2467127 21402154 1168%19 1018 %58
T.P. + M.Cx 565941097 1122% 89* 2207% 82% 1706+28* 2240% 63 229% 9* 568172%
T.P. + 1.Ex 57031% 562 1724%142+¢ 3004+127+* 1680%83* 2193% 62 153 14% 391 +£33%
2
M.A.+ PHA 1150X67 943+126 132+18
Medium Alone 4138193 2615 70 1144%18

Effector cells were prepared from 7-day primary in vitro sensitization with 1:1 ratio of responder and stimulator cells, x after stimulator cells

means irradiation at 2250 rad. Cryopreserved effector cells were divided into un

Cytotoxicity test were performed at the same time.

B i A o i i % 1

frozen and cryopreserved cells from the same culture system.

IO T HMORBREN— KB L Tl AL 72 7 7 —8Ja% 5o 2. SBEMIO BT £ x (£2,250rad o Bt H A

EEUF S, WHEHIT =7 5 — e, BIUISREORSHMIEE WRSEEMT L 0002, SREEHE 7 A kR T - 2

¥ See Table 2.
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Figure 5. Comparative studies on cytotoxic activity of unfrozen and cryopreserved effector cells generated in 7-day primary MLC.
Cytotoxicity tests were performed as described in the text, with 250,000 effector cells and 1,000 target cells prelabeled with 3H-proline
in microtest plates. Effector cells generated in 7-day primary MLC were divided into unfrozen and cryopreserved cells from same culture
systems. These effector cells were used at the same time or at different times against the same donor's fibroblast target cells.
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1:0.5 ratio of MLC, and 10 of 10 tests with a
mean of 53.5%10.7% reduction by effector cells
from 1:1 ratio of MLC.

Generation of Cytotoxic Lymphocytes Against
Monolayer Cultured Fibroblasts Used as Stimu-
lator Cells. Since specific CTX to monolayer
target cells can now be detected, the conditions
necessary to generate cytotoxic cells against
monolayer cultured cells used as stimulator cells
were studied. For this model, allogeneic fibro-
blasts were used as the stimulator cells for gen-
eration of cytotoxic cells, as they are known to
bear HLA-SD surface antigens. Thus, they serve
as a model for tumor cells bearing SD antigens
which include tumor antigens. As shown in
Table 5, when responder cells were cultured with
only fibroblasts there was little or no blastogen-
esis or development of cytofoxic cells. Based on
the findings of Eijsvoogel et al®® and Zarling
et al®® on the two-signal stimulus necessary for
proliferation and generation of cytotoxic cells,
third party experiments were performed. In this
model, M.B. responder cells were cultured with
C.8x lymphocytes as a source of lymphocyte-
defined antigens to trigger the proliferation of
responder cells in order to differentiate cyto-
toxic cells to the SD antigens present on the
J.E. fibroblasts (experiment 1).

Donors M.B., C.S., and J.E. were not HLA identi-
cal. After seven days in vitro MLC, unfrozen
effector cells were used for the testing of CMC
on fibroblast targets from donors M.B., C.S., and
JE. The CTX of these effector cells could be
easily generated specifically to C.S. fibroblast
as well as J.E. fibroblast targets.

In experiment 2, cryopreserved C.8. responder
cells cultured with M.B. fibroblast irradiated in
the presence of J.EX lymphocytes also showed
specific CTX to both M.B. fibroblast and J.E.
fibroblast targets.

Although under the conditions of experiments 1
and 2, responder cells cultured with only allo-
geneic stimulator lymphocytes could also kill
specifically target cells from donors of stimu-
lators, in experiment 3, responder cells (M.C.}
simply incubated with lymphocytes from donor
JM. with a low ratio of responder and stimula-
tor cells like 1:0.25 showed only weak CTX to
fibroblast target cells from donor J.JM. When
these one-way MLC were made in the presence
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TABLE 5 REPRESENTATIVE EXPERIMENTS ON GENERATING CYTOTOXIC LYMPHOCYTES
AGAINST ALLOANTIGENS ON THE SURFACE OF FIBROBLAST
#5 HEFMEREEDLEOT ORERICHY 2MAGEE ) L SRBR T 3 ERO RS

Experiment No. 1

)

Effector Cells Target Cell (1000 cellsfwell)

s )
(250X 10° cellsfwell) 1 LOR Uptake — o e ThrobTast J.E. Fibroblast
(A2, —, B7, B12,CW5) (A2, A29, B12, -) (A2, A10, B12, B27, CW1))
M.B. Alone 176 30 23581 40 1567 37 1144 +41
M.B. +C.8x 28978+ 2623 1979t 34 1681 g% 79811
M.B.+ JLEx 370042784 - 2188t 70 1182+25 89 7%
M.B. on C.S. Fibrox 1258+ 69 2541% 75 1523453 12171£56
M.B.+ J.Ex on + + + T
CS. Fibroblast® 10710 350 2148+ 37 828 +39+# 518+28*
Medium Alone 2562% 72 171451 1166+30
Experiment No. 2
Effector Cells 3 Target Cell (1000 cells/well)

(250% 10° cellgfwetl) LR UPtake o —— e T iorobiast Y.E. Fibroblast
C.S. Alone 233% 26 2306t 57 1412£59 1228+28
C.5.+M.Bx 28860+1139 1081t 62+ 1068 %20 867128
CS.+JEx 4367711512 1704 49 1042 %82 455 £13*
C.8. on M.B, FibroX 998f 68 2610 57 1411 %31 1325 £41
CS.+JExon + + rax + +

M.B. FibroX 21625%1132 1330% 68 115431 5601209%
Normal Lym + PHA - 131t 5 87% 4 65 2
Medium Alone - 2795t 97 1524 31 1250%23
Expetriment No. 3

Target Cell (1000 ceHs/well
Effector Cells SHTAR Uptake 8 ( fwell)

(250 % 107 cells/well)

M.C. Fibroblast
(A2, A29,B12, )

I.M. Fibroblast

Y.X. Fibroblast

(Al, AW24, B8, B15) (A2, A9, BS, —,CWD)

M.C. Alone 999+ 87
M.C. + J.Mx 45528t 527
M.C. + M.Cx + Y.K. Fib. 9%5% 16

M.C,+IMxonM.C, FibX 3184013010
MC.+JMxonY.X. FibX 32590+ 38
Normal Lym + PHA —
Medium Alone -

25264214
2959+163
2481265
2206% 95
2041+126
1209+ 89
3552% 93

1307+18
105725
1286 67
769 £29*
537+26%
429%35
1705 £31

1914 %72
2017£82
1927£32
1689%72
1125 +83+
1034114
2189£87

Effector cells were prepared from 7.day primary in vitro sensitization, In experiment 1 effector cells were unfrozen
cells, and in experiment 2 effector cells were frozen in Revco for 2 hours, then thawed. In experiment 3 effector
cells were frozen in Revco overnight and then transferred into liquid nitrogen tank until use.
THHORBEN - KB LoTBIAET 72y ¥ — M HAL ~. FBRLITH, T7 275 —HENIE 965 TR
b0, EE2TH, 727§ —#MEII reveo RTZEHEMMEOBRBELALOTH-. REB3 T, =7 =2 % —§fa
{3—B Reveo WOWHIL, UHEEXS 20 BHL, FHANSE TRFL .
Ratio of responder and stimulator Iymphocytes in in vitro sensitization was 1:0.5 inexp. 1, 1:1 in exp. 2,

I:0.25inexp. 3.

HEEARME ST SEIEY » ke MM Y v RO BRI, BB1T@1 0.5, EEZTIH11, EH3ITIEL ! 0.25C

Hai.

1.68X 106 fibroblast in the culture of in vitro sensitization were irradigted at 4500 rad. The ratio of responder

cells and fibroblast was 1:0.05.

BRENSEOBEIIE T 31.68X10° OMMEMET (L, 4,500rad DEA GRS & T o 2. R &Sm0 k2

1:0.05CTH-Hi.
*See Table 2. #23MH
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of fibroblasts, effector cells M.C.+JMx on
fibroblasts autologous to M.C. showed increased
CTX to I.M. fibroblast targets keeping a specific
pattern, and effector cells M.C.+J.Mx on fibro-
blasts (Y.K.) allogeneic to both responder and
stimulator lymphocytes also showed greater
CTX to both J.M. and Y K. fibroblasts than the
degree of specific CTX presented by responder
cells simply incubated with lymphocytes from
donor J.M.

DISCUSSION

The MLC and CMC assay has proved to be a
useful model for the study of the mechanisms
of activation and development and of target
specificity of cytotoxic effector cells, ie., the
assay systems are extensively used for the study
of alloantigens or tumor antigens and for typing
transplant recipients and donors. 2% How-
ever, sometimes complicated interpretations are
made of these assays due to unexpected destruc-
tion of autologous or third party targets used as
controls!3:14:29-3

The specific studies we have attempted here were
made to answer: 1) why MLC cells nonspecific-
ally kill autologous monolayer targets, as it is
unusual for target cells grown in suspension cul-
ture to be so killed, 2) whether we can differen-
tiate specifically cytotoxic lymphocytes to mono-
layer target cells and under what condition of
MLC we can do this, 3) whether specific cytotoxic
effector cells generated in vitro can be preserved
without loss of much of their reactivity, and
4) whether cytotoxic lymphocytes can be gen-
erated to HLA-SD antigens present on fibroblasts
as a model for 8D antigen-bearing tumor cells.

One of the problems with human tumor models
has been that most human solid tumors grow as
monolayer cultured cells. In contrast to suspen-
sion culture cells®®?® these monolayer culture
cells seem to be very sensitive to detachment by
nonspecific effects of lymphoblast cells induced
with mitogens and antigens.*3 17

The results of the present study demonstrated
that lymphocytes sensitized with allogeneic
lymphocytes in vitro have two distinct cyto-
toxic activities, which are quite distinguishable
by the kinetics of generation of effector cells and
by the different types of destroyed target cells.
As shown in Figure 3, there was a strong non-
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specific CTX of effector cells cultured for 3-6
days while mixed lymphocyte responses were
increasing and reaching a peak. However, speci-
fic patterns appear with decreasing response of
MLC, in some 7-day MLC cefls and in most such
cells after 7 days of culture. In addition, at the
ratio of two responder cells to one stimulator
cell (1:0.5) in primary MLC, less blastogenesis
but many strongly reactive specific pattems of
CTX are seen at even seven days after priming.

Although all of the tissne culture cells were
carried in prescreened FCS, this nonspecific CTX
was not the result of recognition of FCS antigens
by responder cells because IVS was always per-
formed in normal human serum.

Another possibility is that this nonselective and
wide spectrum CTX may be attributable to in
vitro augmentation of natural killer (NK)
CMC.3>* It is well known that NK cells are
induced or activated by interferon®® which may
be produced in MLC. And a relation has been
observed between NK cell activity and graft vs
disease.¢ Thus, in vitro augmented or gener
ated NK cells may react against some normal
cells.?

It is more likely that nonspecific CTX against
monolayer targets is caused by lymphoblasts
attacking directly or releasing lymphocyte
effector molecules, which are cytotoxic to
nonlymphoid cells in vitro.'®

Several means were tried to knock out these
blast cells in the effector cell suspension, but the
procedures for this (adsorption of effector cells
on monolayer cultured cells, irradiation, treat-
ment of effector cells with drugs blocking cell
metabolism) were not aiways perfect (data not
shown). Subsequently, the method of cryopre-
servation was studied in . order to determine
whether known specific cytotoxic effector cells
are preservable after once tested with unfrozen
effector cells. It was found that such specific
CTX could be cryopreserved (Table 2). In addi-
tion, interestingly enough, another experiment
revealed cryopreservation to be the most effec-
tive way for reducing nonspecific CTX and
enhancing specific patterns.

Our freezing rate is four times as fast as that with
a rate-conirolled freezer. According to the study
of Knight et al,*® rate-controlled slow-freezing
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is better to preserve blast cells and cells actively
synthesizing DNA. The lymphoblast cells may
be easily inactivated or destroyed by rapid rate
freezing. :

Effect of DMSO on diminishing activity of non-
specific CTX may be present. But the foxicity,
if any, may be little because the cells are kept at
lower temperatures during the exposure period
and CMC assay is usually performed for 40 hours,
which is long enough to kill target cells.

Cryopreserved effector cells, while still maintain-
ing high levels of specific CTX when they were
prepared from 1:1 ratio of responder and stimu-
lator cells in MLC, also did show reduced activity
against specific target cells as compared with
unfrozen cells,

However, the degrees of diminishment of percent
reduction of target cells against control and spe-
cific target cells were nearly equal (against control
target cells: from 46.3%26.1% to 13.5£11.0%,
against specific target cells: from 88.1%8.6% to
53.5%10.7%).

So, when the MLC are performed under appro-
priate and sufficient doses of alloantigens (suitable
ratio of responder and stimulator cellsseems 1:1),
diminishment of effector cell activity against
specific target cells seems due to diminishment of
the nonspecific activity, or due to both maximal
diminishment of the nonspecific activity and
minimal diminishment of specific activity.

Parenthetically, we compared the cytotoxic
activity of T cell preparation from patients who
have strong selective CTX for melanoma tumor
cells and found that under these circumstances,
the cryopreserved cells are as cytotoxic as the
fresh cells,

It is well known that there are two distinct
phases in MLC and CMC systems,> the first
T cells respond to antigens coded in HLA-D
locus and the second T cells (CTL) respond to
antigens closely associated with HLA-SD locus
antigens, which act as the targets for the CTL.
To perform studies under the conditions neces-
sary to generate cytotoxic cells against monolayer
cultured cells, we used allogeneic fibroblasts as
the stimulator cells for generation of cytotoxic
cells because they are known to bear HLA-SD
surface alloantigens.*®*®  Thus they serve as a
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model for SD antigen-bearing tumor cells. When
we set up person A responding to fibroblast Bx,
we found little or no blastogenesis or develop-
ment of cytotoxic cells. This is consistent with
the findings of others.>?’

On the basis of the evidence of Eijsvoogel
et al*®*7 and Schendel and Bach,* who showed
that generation of CTL was possible even though
HLA-D lymphocyte-activating determinants were
not present on the same cells as HLA-A, B, or C
SD antigens, Zatling et al?® and Lee and Oliver®®
made these three-cell experiments in which
remission lymphocytes of leukemia patients
cultured with autologous leukemic blast cells
and allogeneic lymphocytes differentiate to
CTL which were cytotoxic for the autologous
leukemic blast cells.

According to the above, we studied this third
party experiment by using fibroblast monolayer
cells, We added unrelated allogeneic lymphocytes
Cx to supply HLA-D antigens to responder
lymphocytes A and fibroblast Bx culture. We
could quite easily generate CTL to fibroblast B
under this condition.

A surpmsing finding was that CTX to fibroblast
B or C was even greater than the amount of
specific CTX we got when we simply incubated
responder A with lymphocytes from donor B or
C and tested on fibroblasts B or C. This finding
usually occurred when responder A lymphocytes
were cultured with a low dose of stimulator
lymphocytes C in the presence of fibroblast B.

This suboptimal, simple MLC for generation of
cytotoxic lymphocytes may require the feeder
effect by adding fibroblasts or increasing the
number of stimulator cells (because optimal MLC
ratio like 1:1 can ifself generate good CTX).
Further, as described by Zarlinget al,"! interferon
produced by irradiated fibroblasts may augment
the development of cytotoxic lymphocytes.

More studies are necessary of these points,
however, all of the observations presented here
are important from the point of view of gener-
ating cytotoxic lymphocytes against human
tumor antigens.
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