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ABSTRACT

Specific cytotoxic T lymphocytes (CTL) against HLA antigens of skin fibroblasts
were generated with mixed leukocyte culture (MLC).

Nonspecific cytotoxicity (CTX) in 3H-proline microcytotoxicity test was detected as
early as the 4th day by primary in vitro sensitization (IVS), and the activity continued
until around the 8th day. The specific CTX by primary IVS was detectable from the
7th day 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 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 effector cells, which revealed that

in most cases nonspecific CTX either decreases or disappears altogether.

On the other

hand, specific CTX activity (more than 30% reduction of only test target cells) remained
and the specific CTX pattern was good and evident in many cases.
Specific CTL was generated against fibroblast antigens by adding allogenic lymphocytes

as third party stimulators.
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 scngenic
with responding lymphocytes are not usually

Cryopreservation technique was effective in increasing the

destroyed in CMC assay, in which the target
cells used were grown in suspension culture?’?,
In practice, however, most human solid tu-
mors are grown as monolayer culture cells in
vitro, and when the CMC tests are performed
by using effector cells generated in vitro against
monolayer tissue culture target cells, nonspecific
CTX often develops. These monolayer culture
target cells appear to be very sensitive to non-
specific cytotoxic effects of blast cells®%?,
Therefore, the present study was undertaken
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to establish selectively specific CTL generation
by MLC against surface antigens expressed by
human skin fibroblast target cells, and also to
study 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 neces-
sary to generate CTL against monolayer cul-

tured tumor target cells were also studied by

using allogeneic fibroblasts as stimulator cells,
since they are known to bear serologically
defined (SD) HLA surface alloantigens just as
tumor cells bear SD antigens.

MATERIALS AND METHODS

Details of HLA locus antigens of the study
subjects from whom lymphocytes and skin fi-
broblasts were obtained are shown in Table 1.

Isolation of human lymphocytes from peri-
pheral bllod. It was performed as described
elsewwhere!”. Briefly, human peripheral blood
mononuclear cells were isolated from normal
volunteers, who were also donors of skin fibro-
blast cell lines, by defibrination and use of
Ficoll-Hypaque solution (specific density 1.077
+0.001) followed by three washes before sus-
pension in medium for IVS., The medium con-
sisted 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
penicillin and 100 pg streptomycin/ml (1% P/S),
1% nonessential aminoacid (NEAA) and 2 mM
fresh L-glutamine (1% L-glutamine). These

Table 1. HLA locus antigens on lymphocytes
and skin fibroblasts of donors

Normal HLA Locus Antigens
ex
Donors A B Cw Dw
M.B M 2 7, 12 5
C.S. M 2, 29 12
Y.K. M 2, 9 5 1
J.E. F 2, 10 12, 27 1
T.P. F 11, w24 12, 40
J .M. M 1, w24 8, 15 2, 3
M.C. F 2,29 12 1

mononuclear cells were used as responder and
stimulator cells for IVS,

In wvitro sensitization. One-way MLC was
used to sensitize responder normal lymphocytes
under various conditions against alloantigens on
irradiated stimulating lymphocytes or fibroblasts
(irradiated with %Co to 2, 250 rad and 4, 500 rad,
respectively). MLC was performed in tissue
culture flasks at several ratios of responder and
stimulator cells and keeping the conditions sim-
ilar to those used for MLC in microtest plate
(Falcon # 3040) 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 con-
stant (i. e, 125 x10% responding cells in 0.2 ml
of test medium per 0.282cm? of surface area
of culture flasks). Unless otherwise noted, half
volume of culture medium in the flasks was
usually replaced every three days with fresh
test medium,

Harwvesting MLC cells from flasks and check-
ing mized leukocyte response by 3H-thymidine
uptake. Eighteen hours before terminating sen-
sitization, 0.2 ml of cell suspencion was tranfer-
red from each culture flask into wells of the
microtest plate. Triplicate samples were made
and labelled with 3H-thymidine (*H-TdR, 0.5
1Ci,/well, specific activity 5 Ci/mmole) for 18
hours, and the cells were harvested. The re-
maining MLC cells in the flasks were washed
with Eagle’s balanced salt solution and resus-
pended in CMC medium (consisting of MEM+
10% prescreened heat-inactivated fetal calf se-
rum (FCS), 1% P/S, 1% NEAA, and 1% L-
glutamine) for CMC assay.

Freezing and thawing MLC cells. The cryo-
preservation method used was a slight modifi-
cation of Miller et al.!'”. The cells were centri-
fuged and resuspended in the CMC medium,
to which, then, were added an equal amount of
cold-freezing medium containing 50% heat-inac-
tivated FCS, 20% dimethyl sulfoxide (DMSO)
in MEM to secure a final concentration of 30%
FCS, 10% DMSO, and 10-20x10° cells/ml.
One ml of this in a vial was kept in ice water
for 5-10 minutes and placed in a —80°C freezer
overnight prior to transferring into liquid nitro-
gen. The rate of freezing in this system is
four times as fast as that in a rate-controlled
freezer.

For recovery of frozen cells, the vials were
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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
159 FCS and thoroughly mixed. This was
repeated two more times to secure a final dilu-
tion of 1 : 8-1 : 12, This suspension was washed
twice, and the pellets were resuspended in CMC
medium for determination of viability, recovery,
and cytotoxic activity. The persent viability of
frozen-thawed cells was 86.548.1% in unsen-
sitized cells and 84.6+46.7% in sensitized cells,
and the percent recovery was 53.6+14.7% in
unsensitized cells and 62. 4+14.19% in sensitized
cells.

Cell culture. Culture of normal skin fibro-
blasts was initiated with finely miced explants
from seven healthy donors. The culture was
maintained in a complete medium consisting of
1% NEAA, 2 mM fresh L-glutamine, 1% P/S,
and 15% prescreened FCS in MEM. These
fibroblasts were used as monolayer culture tar-
get cells in microcytotoxicity assay and as a
source of HLA-SD antigens in IVS between
the 2nd to 17th passages in wvitro.

SH-Proline cell-mediated cytotoxicity micro-
assay. Cultured skin fibroblasts were labelled
overnight with 50 ¢Ci/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 labelled target
cells per well, as described elsewhere®®. Unless
otherwise noted, a ratio of 250 effector cells to
one target cell in used for 3 H-prolioe CMC
assay. After 40 hours of incuaation in 5%
CO; and humidified air at 37°C, unattached
dead target cells and effector cells were washed
away with 37°C phosphate-buffered saline con-
taining 5% FCS. Then, the residual radioac-
tivity of cells attached to each well was meas-
ured to indicate the number of viable target
cells remaining,

Analysis. Percent CMC (% reduction of tar-
get cells) is calculated as [1-(b)/(a)] %100,
where (a)=mean count per minute (com) of
target monolayer incubated with effector cells
from unsensitized culture, and (b)=mean cpm
of target 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<C

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
effector cells from sensitization culture, negative
CTX against control target and positive CTX
against test target were considered.

RESULTS

Kinetic study of primary and secondary
mixed leukocyte culture. These studies were
performed in microtest plates. All cultures were
set up in triplicate containing 125 x 10? respond-
ing cells and 125x10® irradiated (2,250 rad)
stimulating cells in 0.2ml of test medium,
cultured for 1 to 15 days, and labelled with
SH-TdR.

Primary MLC response reached a peak on
the 7th day and subsequently diclined and be-
came zero, or weak, around the 12th day.
When primary MLC cells were restimulated by
cells autologus to primary stimulating cells,
secondary proliferative response was induced
and reached a peak within 2-3 days. '

Detection of cell-mediated cytotoxicity in ef-
Sfector cells sensitized in vitro. Fig. 1 A shows,
that as compared with destruction of target
cells by unsensitized cells, effector cells sensitized
to allogeneic cells for 3-6 days strongly de-
stroyed 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 nospecific
CTX, specific CTX came to be detected after
7 days of sensitization (6 of 18 CMC tests
showed killing only test targets). After this,
detection of the specific CTX became more
clear by effector cells sentitized for 8 or 9-11
days, and subsequently in 12-14 days generation,
CTX against both target cells became weak or
negative.

At the ratio of two responder cells to one
stimulator cell, less blastogenesis was usually
seen (data not shown), but rather strongly reac-
tive specific cytotoxic lymphocytes were seen
seven days after primary stimulation, with de-
creasing changes of nonspecific CTX, i.e., de-
creasing from 12 of 18 nonspecific CTX tests
at 1:1 ratio (Fig. 1A) to 5 of 19 tests at 1:
0.5 ratio (Fig. 1 B). ‘

Fig. 1C shows CTX test by effector cells
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generated 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.

Fig. 2 summarizes the CTX of cryopreserved
effector cells generated under several conditions
of MLC. Effector cells sensitized for 5-6 cays
still showed high CTX against target cells auto-
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Fig. 1. Cytotoxicity of effector cells generated for various times of in vitro sensitization. Effector cells
were prepared at various periods of MLC, 250,000 effector cells (per well) were incubatedwith 1,000 $H-
proline prelabelled fibroblast target cells for 40 hours, The data show percent reduction of target cells by
sensitized effector cells compared to usensitized cells against target cells autologous to responder cells (@),
and to stimulator cells (O). Primary in vitro sensitization was done with 1:1 ratio of responder and
stimulator cells (A), and 1: 05 ratio (B). Secondary in vitro sensitization was done with 1 :1 ratio of 10
days-primary IVS cells and stimulator cells (C).
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Fig. 2. Cytoxic activity of cryopreserved effector cells generated for various times of in vitro sensitization,
Cytotoxicity tests were performed as described in the text, 250,000 cryopreserved effector cells were incu-
bated with 1,000 ®H-proline prelabelled fibroblast target cells for 40 hours. The data showed percent reduc-
tion of target cells by sensitized cells compared to unsensitized cells against target cells autologous to res-
ponder cells (), and to stimulator cells (@).



Table 2. Effect of cryopreservation oncytotoxic activity of effector cells

Target Cell (1000 cells/well)

(c. p. m.)®

M. C. Fibroblast

T. P. Fibroblast

J. E. Fibroblast

Experiment Effector cells® 3H-Tdk Uptake? (A2, A29,B12 - (All, Aw 24, B12,B 40) (A2, A10, B12, B27, CW1)
No. (250 x 103 cells/well) (c. p. m.) Unfrozen P Cryo- B Unfrozen p Cryo- 4 Unfrozen p Cryo- 4
reserve Teserve reserve
Effector Effector Effector Effector Effector Effector
Cells Cells Cells Cells Cells Cells
M. C.+M. Cx 675+ 25 3280+122 28731152 2030+ 93 1952+ 96 1010+ 27 989+ 43
M. C.+T. Px 53168+2004 2275+ T1* 3467+ 81 492+ 43* 1152+ 43* 578+ 19* 957+ 35
1 M.C. + J.Ex 28030+ 474 1892+ 96* 2483+ 55 1201+ 37* 1877+ 70 86+ 4* 462+ 23*
M. A.+PHA? 867146 68448 99+ 4
MEDIUM ALONE 352677 2302190 1169+37
N T.P.ALONE 2129+ 51 3801+110 43041157 2467+ 27 21404154 1168+ 19 1018+ 58
T.P.+M. Cx 56594 11097 11224+ 89* 2207+ 82* 1706+ 28* 2240+ 63 229+ 9% 568+ 72%
T.P.+]. Ex 57031+ 562 1724+ 142%* 3004 +127* 1680+ 83* 2193+ 62 153+ 14% 391+ 33*
M. A.+PHA 1150467 9431126 132+18
MEDIUM ALONE 4138+93 2615+ 70 1144418

1) Effector cells were prepared from 7 days primary in vitro sensitization with 1 :1 ratio of responder and stimulator cells. X after stimulator cells means
irradiation at 2,250 rad. Cryopreserved effector cells were divided into unfrozen and cryopreserved cells from the same culture system. Cytotoxicity test

was performed at the same time.
2) 3H-thymidine incorporation was measured before freezing effector cells, mean cpm+standard error or triplicate samples from culture flasks.

3) 1000 target cells prelabeled with 3 H-proline were seeded in wells of Falcon 3040 microtest plates. Mean cpmistandard error of five replicates of remain-

ing target cells after 40 hours incubation with effector cells.
4) Phytohemagglutinin-P (1 : 800) was added to induce cytotoxicity to freshly prepared lymphocytes.
5) HLA locus antigens. * Signifcant cytotoxicity (>>30% reduction compared with unsénsitized control cells and p<{0,05 by student’s “t” test).
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Fig. 3. Comparatlve studies on cytotoxic act1v1ty of unfrozen and rryopreserved effector cells generated in
7 days-primary MLC, Cytotoxicity tests were performed as described in Materials and Methods, with 250, 000

effector cells and 1,000 target cells prelabelled with ®H-proline in microtest plates,

Effector cells. generated

in 7 days-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 tlmes against the same donor’s fibroblast

target cels,

logous to both responder and stimulator cells.
In contrast, 7-8 days sensitized cells killed tar-
get cells autologous to responder cells less (0
of 14 tests showed>30% reduction) but kil-
led target cells autologus to stimulator cells
strongly (13 of 14 tests showed >30% reduction,
mean 51.3%). Effector cells from 1 :0.25 and
1:0.5 ratios of responder and stimulator cells
also killed only target cells autologus to stimu-
lator cells, but the frequency and magnitude of
the CTX were low and wealk. (Six of 16 tests
showed>30% reduction, mean of 26.2%, and
11 of 20 tests, mean of 34.3%).

Comparison of activity of wunfrozen and
cryopreserved effector cells in cell-mediated
cytotoxicity. Table 2 shows the effect of cry-
opreservation on CTX of sensitized cells against
cells autologous 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.+]. Ex in experiment 2 showed
high nonspecific pattern of 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; théy do not destroy target
cells which are autologous to responder cells.

Fig. 3 presents a summary of comparative
studies made on CTX of unfrozen and cryopre-
served effector cells.” Some unfrozen effector
cells obtained from 1:0.5 ratio of responder
and stimulator cells killed more than 30% of
control target 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 tar-
get cells at a high rate, 6 of 13 cryopreserved
effector cells did not kill more than 30% (Fig.
3A). In Figure 3B, unfrozen effector cells
generated with 1:1 ratio of responder and

~stimulator cells showed strong nonselctive pat-

terns of CTX, but, when cryopreserved, the
same effector cells presented: highly selective
killing of test target cells. The frequency 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+416.5% reduction by .effector cells from
1:0.5 ratio of MLC, and 10 of 10 tests with
a mean of 53.5+10.7% reduction by effector
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Table 3. Representative experiment on generating cytotoxic lymphocytes against alloantigens on

the surface of fibroblast

Target Cell (1000 cells/well)

Effector cells 3H-TdR
(250 x 10® cells/well) Uptake M. F. Fibroblast C. S. Fibroblast J. E. Fibroblast
(A2,— B7,B12 CW5) (A2, A2, B3, —) (A2 Al0,Bl2,B27, CW1)
C.S. ALONE 233+ 26 2306157 1412459 1228428
C.S.+M. Bx 28860++1139 1081 +62* 1068:+20 867+23
C.S.+].Ex 4367741512 1704+ 49 104282 45541
FiBRON M. B. 998+ 68 2610++57 1411431 1325-+41
VST ON - oipesa1132 1330468 1154:£31 560 29
DORMAL LYM -+ _ 181% 5 87+ 4 65+ 2
MEDIUM ALONE ~ — 219597 1524431 125023

Effector cells were prepared from 7 days primary in witro sensitization.

Effector cells were frozen in Revco

overnight and then transferred into liquid nitrogen bank until use.
Ratio of responder and atimulator lymphocytes in vitro sensitization was 1 : 1,
1,68 x10° fibroblast in the culture of in vitro sensitization were irradiated at 4,500 rad. The ratio of res-

ponder cells and fibroblast was 1: 0,05,
* See Table 2,

cells from 1 :1 ratio of MLC.

Generation of cytotoxic lymphocytes against
monolayer cultured fibroblasts used as stimu-
lator cells. The conditions necessary to generate
cytotoxic cells against monolayer cultured cells
used as stimulator cells were studied. For this
model, allogeneic fibroblasts were used as the
stimulator cells as they are known to bear
HILA-SD surface antigens. Thus, they serve
as a model for tumor cells bearing SD antigens
including tumor antigens. As shown in Table
3, when responder cells were cultured with
only fibroblasts there was little or no blasto-
genesis or development of cytotoxic cells. Based
on the findings of Eijsvoogel et al.” and Zarling
et al.?® on a two signal stimulus necessary for
proliferation and generation of cytotoxic cells,
third party experiments were performed,

Donors M. B, C. S,, and J. E. were not HLA
identical. After seven days in vitro MLC, cry-
opreserved effector cells were used for the test-
ing of CMC on fibroblast targets from donors
M.B, C'S, and J.E. The CTX of these ef-
fector cells could be easily and specifically gen-
erated to M. B. fibroblasts as well as J. E. fibro-
blast targets.

DISCUSSION
The MLC and CMC assay systems are ex-

tensively used for the study of alloantigens or
tumor antigens and for typing transplant recip-
ients and donorsh®®, However, sometimes
complicated interpretations are made of these
assays due to unexpected destruction of auto-
logous or third party targets used as controls®
5,14)‘

The secific studies we have attempted here
were made to answer: 1) why MLC cells non-
specifically kill autologous monolayer targets,
as it is unusual for target cells grown in sus-
pension culture to be so killed, 2) whether we
can differentiate specifically cytotoxic lympho-
cytes to monolayer 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 lym-
phocytes can be generated to HLA-SD antigens
present on fibroblasts as a model for SD anti-
gen-bearing tumor cells.

The results of the present study demonstrated
that lymphocytes sensitized with allogeneic lym-
phocytes in vitro have two distinct cytotoxic
activities, which are quite distinguishable by
the kinetics of generation of effector cells and
by the different type of destroyed target cells.
There was a strong nonspecific CTX of effector
cells cultured for 3-6 days while mixed leuko-
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cyte responses were increasing and reaching a
peak. However, specific patterns appear with
decreasing response of MLC.

Although all of the tissue 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 performed in normal human serum.

Another possibility is that this nonselective
and wide spectrum CTX may be attributable
to in wvitro augmentation of natural killer (NK)
CMC%20,29 Tt 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 aug-
mented or generated 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 ef-
fector molecules, which are cytotoxic to non-
lymphoid 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,
treatment of effector cells with drugs blocking
cell metabolism) were not always perfect (data
not shown). Subsequently, the method of cry-
opreservation 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. In addition, inter-
estingly enough, another experiment revealed
cryopreservation to be the most effective way
for reducing nonspecific CTX and enchancing
specific patterns.

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

Effect of DMSO on diminishing activity of
nonspecific CTX may be present. But the
toxicity, if any, may be little because the cells
are kept at lower temperatures during the ex-
posure period and CMC assay is usually per-
formed for 40 hours, which is long enough to

kill target cells. )

Cryopreserved effector cells, however, show
reduced activity against specific target cells as
compared with unfrozen cells, the degrees of
diminishment of percent reduction of target
cells against control and specific tarket cells
were nearly equal (against control target cells:
from 46.3+26.1% to 13.54+11. 09, against spe-
cific target cells: from 88.1+8.6% to 53.5+
10.7%). So, when the MLC are performed
under appropriate and sufficient doses of al-
loantigens (suitable ratio of responder and
stimulator cells seems 1:1 when effector cells
are cryopreserved), dimminishment 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.

To perform studies on the conditions neces-
sary to generate cytotoxic cells against mono-
layer cultured cells, we used allogeneic fibro-
blasts as the ttimulator cells for generation of
cytotoxic cells because they are known to bear
SD HLA surface alloantigens?®. Thus they
serve as a model for SD antigen-bearing tumor
cells. When we set up person A responding
to fibroblast Bx, we found little or no blasto-
genesis or development of cytotoxic cells.

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

More studies are necessary on these points,
however, all of the observations presented here
are important from the point of view of gen-
erating cytotoxic lymphocytes to human tumor
antigens.
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