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SUMMARY
As the number of atomic bomb survivors has

been decreasing each year, it would be advisable
to preserve their valuable cells for future studies.
Thus, cryopreservation of cells has become
increasingly important.

The authors conducted experirrents on cryo-
preservation of human lympho ytes and have
previously reported the effects of ¢ yopreservation
on mitogen response and mixed lymphocyte
culture. Having established a method of
cryopreservation and evaluated its effects on
lymphocyte subpopulation, immunoglobulin
production, and cytotoxicity, the following
conclusions were obtained.

1) The optimal conditions for cryopreservation
were: the use of freezing and thawing media of
pH 7.2, concentration of dimethyl sulfoxide
of 10%, concentration of cells suspended in
fetal calf serum at the time of freezing of
5~15x 10°/ml, freezing rate of —1 ~ —2°C/min,
and thawing temperature at 37°C. Under such
conditions, the average viability and recovery
rate after cryopreservation were 90% and 80%,
respectively.

Approved 7 &8 5 November 1985

Rk EIL, FALARDL THY, TEHELMIEE
RFTAZELIIARMEORFIZEHZ L, HlaodEES

BEOEEMYIIM AL TWAS,

EEBES R M) Y NROFEBEERFER A, BHERT
A' mitogen 51, mixed lymphocyte culture |Z
FIETs Bz DalmEL 2. 40, FIZESRFHM
ZHWES L, BERTES, V) ¥ /3ER subpopulation, % E
yu7) v EEE, MRS RIETREY
RETL, UToOHERE B,

1) HERGFOEBBRME L LTIE, HERHR, BBERD
pH 7.2, dimethyl sulfoxide ¥#%F£10%, HEEFED Y 2
Ba{F M if 7 e fmfa i fE 5 ~15X 106 /ml, &5 K B
—1~—2"C/min, ¥ mE 37°C T, ZN6D
FETCHER TFHEHEEN%, BIRE% =G

Printed EN R June 1986



RERF TR 17-85

2) Neither E receptor nor Fc receptor of the cell
surface marker was affected by cryopreservation.
The proportion of T cells, helper-inducer T cells,
cytotoxic-suppressor T cells, B cells, monocytes,
and natural killer (NK) cells was determined by
monoclonal antibodies and was found to be
stable following cryopreservation.

3) The ability of B lymphocytes to produce
immunoglobulin was not significantly altered
after cryopreservation.

4) Antibody-dependent cell-mediated cyto-
toxicity (ADCC) was not affected by cryo-
preservation when determined by a plaque assay
using sheep red blood cells as target cells, but
there was an average 35% reduction in ADCC
after cryopreservation when examined by
3H-proline cytotoxicity assay with T-24
target cells.

5) NK cell activity showed an average of 40%-60%
decrease immediately after thawing, but a
recovery of NK cell activity was observed after
preincubation for 18 hours. No change was
observed in either lymphocyte subpopulations
or viability after preincubation following
cryopreservation, but as an increase was observed
in the ratio of target cells binding to K-562,
it was considered that preincubation may be
a cause for the recovery of NK cell activity.

6) Freezing damages are considered to depend on
the freezing process rather than on the length of
cryopreservation period. This was confirmed by
the fact that mitogen responses, E- and EAC-
rosette formation, and NK cell activity could be
kept intact for 12 months, 14 months, and
14 months, respectively.

INTRODUCTION

With the development of basic and clinical
immunology, a great deal of progress has been
made in the study of lymphocytes, so that
preservation of lymphocytes has become
increasingly necessary. Cryopreservation of
lymphocytes is especially useful scientifically,
because it enables immunologic studies under
a fixed condition, comparison of results of
each sample, and retrospective study of a large
number of cells obtained from one person
or many people successively under optimal
conditions. It is especially important to establish
a technique for cryopreservation of cells which
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enables the use of cells in future for the immuno-
logic studies of A-bomb survivors who have been
decreasing in number.

Further, preservation of useful cell sources
including sperm, blood cell components, and
bone marrow cells has become increasingly
important in both basic and clinical medicine.
In Japan, too, the establishment of cell banks
and gene banks is being planned and the cryo-
preservation technique has become one of the
basic techniques necessary not only for medical
science but also for all biological sciences. Here
the authors report the establishment of a
technique for cryopreservation of lymphocytes
and its effects on immunologic studies.

MATERIALS AND METHODS

Isolation of Peripheral Mononuclear Cells.
Peripheral blood obtained from healthy adults
(aged 20-62) was defibrinated wusing glass
beads, and mononuclear cells were isolated
by Ficoll-Hypaque density centrifugation. These
mononuclear cells were used in immunologic
experiments after determining their viability
with trypan blue. The remaining cells were
suspended in fetal calf serum (FCS), adjusted
to 5~15x 10° cells/ml, and cryopreserved
by the following method.

Freezing Procedure. The freezing procedure’

described previously was improved and used.
Eagle minimum essential medium (MEM) con-
taining 40% dimethyl sulfoxide (DMSO), 25 mM
N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic
acid (HEPES), 1% nonessential amino acid
(NEAA), and 1% essential amino acid was
prepared as freezing medium and adjusted to
pH7.2 with NaOH before use.

To three parts of cell suspension was added one
part of the freezing medium and the two were
thoroughly mixed by gently shaking the tube,
and aliquots of 1ml were dispensed into
cryopreservation wvials (Nunc). They were
placed in a programmed freezer (Cryo Med),
and frozen to —80°C at freezing rates of
—1°C/min in liquid phase and —2°C/min in solid
phase (Figure 1), and immediately transferred to
a liquid nitrogen tank for preservation.
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FIGURE 1 FREEZING CONDITION
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L YMPHOCYTES WERE FROZEN WITH A PROGRAMMED FREEZER.
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Thawing Procedure. Eagle MEM containing
20% FCS, 25mM HEPES, 1% NEAA, and 1%
amino acid mixture was adjusted to pH 7.2,
cooled to 4° C, and used as thawing medium.

Nunc vials were removed from the liquid nitrogen
tank and were rapidly thawed with gentle
agitation at 37°C in a water bath. Immediately
after thawing, they were kept in ice-cold water.
Then, the contents were slowly transferred into
a centrifuge tube containing 1 ml of FCS kept
at 4°C and, after adding 1 ml of FCS and 4 ml
of thawing medium twice, this suspension was
washed by centrifugation at 4°C and 240 Xg
for 10 minutes. After the cells were washed
twice by centrifugation with MEM containing
10% FCS, their viability and recovery rate were
determined by trypan blue staining for use in
experiments.

E-rosette-Forming Test (T Lymphocytes Counting
Test). For the counting of T cells, 0.1 ml of
sheep red blood cell (SRBC) solution (2%)
treated with 140 M aminoethylisothiouronium
bromide hydrobromide (AET, pH9.0), and 0.1 ml

BMERE. BEMEWE L L T, 20% FCS, 25mM HEPES,
1% NEAA., 1 % amino acid mixture * & 1 Eagle
MEM % pH 7.2\ 3% L, 4°C 2AHIL THW A,

HmASEEy 725 L Lvial FESH2 37 ClEm
BInhT, Wol NIRBL 2275 B 2R L 2.
BhERE, EbizkAkBIZANRTEHEHL, AFEMIL,
H5ALEH4°C, 1ml @ FCS 2 AhTH WV ZEHELE
2 -< DB FL, JkWT 1ml FCS, 4 m]l fH% =
2mEMz, 4£C, 240 Xg TI07MEE L T HZKZ
5 7. 10% FCS # &t MEM T 2 [EE Kk $F &,
trypan blue #& % F\ T, HEfam EFH L RUNEZ
kO EERICHW .

EOty FERER (TUS/YEHREHFALR) . Tl
DEEIZIE, 0.1ml V) ¥ 7Bk HEHE (4 X10% /ml) &
140 M aminoethylisothiouronium bromide hydrobromide

(AET,pHO9.0) v B L 2k v ¥V 7 sk (SRBC)



of lymphocyte suspension (4}(106;‘m1) were
mixed. Following this, they were centrifuged
at 120 x g for five minutes and incubated in
ice-cold water for two hours. Then, they were
resuspended and examined microscopically on
a hemocytometer. A total of 200 lymphocytes
and the number of rosette-forming celis,
lymphocytes with three or more SRBC attached,
were counted to determine the percentage of
T cells:
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EA-rosette-Forming Test (Test for counting all
the cells possessing IgG-Fc receptor) and Double
Rosette-Forming Test (Test for counting T+ cells:
T Ilymphocytes possessing IgG-Fc receptor).
In EA- and double-rosette-forming tests, a
silica suspension (Japan Antibody Research
Institute) was added to the blood in a volume of
1/10 of the blood in order to remove monocytes,
and the blood was kept at 37°C for 60 minutes
with occasional shaking. Then, the whole blood
was overlaid on Ficoll-Hypaque and lymphocytes
were 1solated.

In the EA-rosette-forming test, 0.1 ml of
lymphocyte suspension (2 x 10°/ml) was mixed
with 0.1ml of 1% IgG antibody-sensitized
chicken erythrocytes (CK-EApg, Japan Antibody
Research Institute), and kept in ice-cold water
for two hours. Then, the rosette-forming cells
in which one or more CK-EApg were attached
were counted to obtain the percentage of EA-
rosettes.

In the double rosette-forming test, 0.1 ml of
SRBC treated with AET (1%) was added to
0.1 ml of EA-rosette suspension and, after
centrifugation at 50 Xg for five minutes, the
mixture was kept in ice-cold water for two hours.
Then, microscopic examination was conducted
to determine the proportion of double rosette
(Ty cells) combined with one or more CK-EAG
and three or more SRBCs.

Identification of Lymphocyte Subpopulation
Using Monoclonal Antibodies. Using anti-Leu-1,
anti-Leu-2a, anti-Leu-3a, anti-HLA-DR, anti-Leu-7
(Becton Dickinson), Mo2, and Bl (Coulter Clone)

EAO¥Y v bERFEER (Ig6-Fc L7 2 —fREL
MEBEHER), 47001y P AREE (1gG-Fc
LE72—BREBTUNNBE=Ty#REOHEHHE) .
EA KUy 7huty MERREBRTIE, BEIKBREDLD,
Mm#Ed 1/10 &t > ) # ¥MEaE ( H R} PU{EHERR) %
Mz, B4 2L lFALEZ A5 37°C T605 RWUHEL,
MDD £ £ Ficoll-Hypaque [Z&E kg L 1) ¥ /Y2 & 77 B

[y #50;

EA vty FEMRERIZ, 0.1ml ) ¥ 7V ERIE K
(2 X108/ml) & 1 % IgG $iffE&fE="7 b ) i EK
(CK- EAyg, HAPEHZEAN)0.1ml % BN, kK
b 2 BEMEEE L, 1AL ED CK-EAg &¢TE v b
A L 2#filgza X v FERE#EELT, TOD

H A& R 7.

Fg7rra¥ .y MEKRKEIL EA 0¥y FEKE, SRBC
AMARIGEE . T4bb EATE¥y MK
0.1ml |2 AET 4¥8 SRBC( 1%) 0.1ml 2140z, 50 Xg
TS5 aMEk®R, kKb T2rFHBEEL THERL,
CK-EAjc 1 @1l L, SRBC 3fALI L& &AL £
g7nruaty F(Ty#Hiig) oElazkd7-.

F/oO—F)LEEERWE) /NER subpopulation D
RIE. £/ 70—+ Lif{kid, anti-Leu-1, anti-
Leu-2a, anti- Leu-3a, anti-HLA-DR, anti-Leu-7
(Becton Dickinson), Mo2, B1 (Coulter Clone) %
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as monoclonal antibodies, the proportions of
T cells, cytotoxic-suppressor T cells, helper-
inducer T cells, B cells, monocytes, and NK
cells were obtained by the same method as
described in TR 4-86.>

Capacity of IgG Production. The number of
mononuclear cells suspended in MEM containing
10% FCS (hereinafter referred to as ‘‘test
medium”) was adjusted to 5x10°/ml, 2.5X
10°/ml, and 1.25 x 10°/ml. Then, 0.1 ml of this
cell suspension was dispensed into the wells of
microtest plate II (Falcon) prefilled with 0.1 ml
of test medium. After adding 1 ul of pokeweed
mitogen (PWM) as B lymphocyte stimulant,
the cells were incubated for seven days. After
incubation, they were centrifuged at 400 X g
for 10 minutes, and 0.1 ml of supernatant
fluid was obtained. IgG in the supernatant
fluid was measured by radioim munﬂassay.3

Measurement of Antibody-dependent Cell-
mediated Cytotoxicity. ADCC activity of
lymphocytes was measured by plaque assay and
3 H-proline cytotoxicity assay.

Plague Assay. Ten microliters of 5% SRBC was
added to the wells of microtest plates treated
with poly-L-lysine (Sigma). Then, the plate was
centrifuged at 400 x g for five minutes so that
SRBCs would attach to the bottom of the wells.
In order to remove monocytes, mononuclear
cells were incubated in a T-60 plastic flask
(Corning) containing test medium for an hour
at 37°C. Lymphocytes were suspended at
2.5%10°/ml in test medium. Then, the same
volume of anti-SRBC-rabbit serum IgG fraction
(0.5mg/100ml, Japan Antibody Research
Institute) was added, and 2ul of this mixture
was added onto each monolayer of SRBC
prepared as above and incubated at 37°C
for three hours. After incubation, staining
was conducted using the mixture of 0.25%
glutaraldehyde (Wako) and 0.0003% brilliant
creysyl blue (Merck) containing 1% agarose
(Difco), and the percentage of plaque-forming
cells among the added lymphocytes was obtained
microscopically to determine the ADCC activity:

HWT TR 4-86% 1z4E 0 /= T, THINE, cytotoxic-
suppressor T#iflE, helper-inducer Tz, B3,
HBEREUNK#Hilaolazkd .

gGEERE. 10% FCS # &1 MEM(LL T test
medium ) IZ7F0E L 2 WG ER &, MR 5 X108 /ml,
2.5X105/ml, 1.25X106/ml (2% L 7=. Z Dlla
ZEdE 0.1ml &, P%IC test medium O0.1ml #73F L T
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KWTB 'Y 2 EREIE T & L T pokeweed mitogen
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FrE# T, 400Xg ¢104 ML L, Hi# Lif
0.lml #$FHL L . ¥4 Eifrho 1gG o #llE L
radioimmunoassay Cir - 7-.3
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1375 — 7ik&, 3H-proline eytotoxicity assay #
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7 5 — 27 i. 5% SRBC 10u] #, poly-lL-lysine
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KusTplate # 400X g TS5 7 M#EKX L, SRBC %
plate OFLIEM IZ{FF ¢, —H, HIRIRED LD
1=, test medium |2 B {EER 2 FHEL, T-60 75 A
F 775 A3 (Corning ) BT 1K 37" C ThH &
L. BERRREL 2V »232k% 2.5 X108 /ml & & 3
k9 test medium [ZiEHEL , Hht oy SRBC- 7 # F
I i 1gG 27 M@ ( 0.5mg /100ml, H RFLIFFZEAT) &
Mz, Zo22ul+¥2%, LEODEENERNL
SRBC ® Wi kg E1ziihn, 37°C T 3 BF 53¢ L 7.
¥ %€ | incubation # T %, 1 % agarose (Difco) #
&1 0.25% glutaraldehyde (F113%) & 0.0003% brilliant
creysyl blue (Merck) ORGH TRIERE L, AR
TTHERMY v RSB+ 577 -7 FKMRED
& %R ADCC iHiE & L 7.

Number of plaque-forming cells
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X 100 (%)

Number of lymphocytes X viability
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> H-proline Cytotoxicity Assay. According to
> H-proline cytotoxicity assay of Bean et al’
T-24 cells® (human cell line originating from
urinary bladder cancer patient) were used as
target cells. The T-24 cells which had been
incubated 1n a plastic flask (Corning) were
labeled with 2 ml of ®H-proline (50uCi/ml) for
18 hours. As the proline was incorporated into
target cells in this labeling technique, NEAA was
not added to culture medium. After labeling,
the cells were trypsinized (0.05%) and washed
twice with the test medium. These target cells
were adjusted to 10°/ml and dispensed in aliquots
of 10ul into the wells of microtest plates
prefilled with 0.1 ml of test medium and
incubated for three hours before the addition of
effector cells.

Lymphocyte suspension (2.5%10°/ml) from
which monocytes were removed using plastic
flasks was dispensed in aliquots of 0.1ml
into the wells of the above-mentioned microtest
plate containing T-24 cells. The ratio of effector
cells to target cells (E:T ratio) was 250:1. Anti-
T-24 rabbit serum (1:10,000) was added to the
respective wells and, after incubation in a 5%
CO, incubator at 37°C for 24 hours, the plate
was washed and dried. After drying, bottoms
of the wells were punched and the radioactivity
of ® H-proline incorporated in the surviving target
cells was measured with a liquid scintillation
counter to determine activity of lymphocytes
which can damage target cells in the presence of
antibodies. Thus, ADCC activity was calculated
using the following expression.
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3H-proline eytotoxicity assay. Bean 5% ¢ 3H-
proline cytotoxicity assay |[ZHE 7, fEfyifias L T
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Target cell count remaining after incubation without anti-T-24 serum
L T-24 Mg R FIMAEFEROEFENMIzE

NK Cell Activity. For the measurement of NK
cell activity, a >’ Cr release assay was conducted
using K-562 (originating from leukemia cells)®
as target cells. To 5~ 10x 10° K-562, 100uCi of
Na*'CrO; (New England Nuclear, specific
activity; 200 mCi/mg or more) were added, and
incubated in a 5% CO, incubator at 37°C for
an hour. Following the labeling, the cells were
washed three times by centrifugation with test
medium and, after the number of cells were
adjusted to 5x 10%/ml, were dispensed into the
wells of a U-shaped microtest plate (Nunc) in

NK #i k2 /& 1. NK #fai& % o JlE (213, K-562
( AImFHIlaERE ) ¢ % ZEa9#fa & L T, > Cr release
assay @ Hw 7/~ . 5~10X10¢ @ o K-562 |z,
Na’! CrO, (New England Nuclear, specific activity
200mCi/mg 1L k) 100xCi % 12, 37°C, 5% CO,
A YFan—F-—RTIRFHEKRZIT > . BEEE,
test medium T 3 Bl EEF L, Mgz 5 X104 /ml

IZHEE L, UX microtest plate (Nune) {2 0.1ml ¥
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aliquots of 0.1 ml. Lymphocytes from which
monocytes were removed using silica suspension
were adjusted to 4X10%/ml as effector cells,
and 0.1 ml each was added to the plate so that
the E:T ratios would be 80:1, 40:1, 20:1, and
10:1. Also, by adding test medium only and
by adding 1% triton X (Nakarai), radioactivity
of spontaneous release and maximum release
was measured. After centrifugation at 200X g
for two minutes, the cells in this plate were
incubated in a 5% CO, incubator at 37°C for
four hours. Following incubation, they were
centrifuged at 200xXg for two minutes, and
the released radioactivity in 0.1 ml of the
supernatant was measured with a -y-counter.
Thus, NK cell activity was calculated by the
following expression:

PELE YIABRBERIZEVERERELALY XY
Rerz 7279 —Mllae LT 4 X10%/ml (ZE%EL,
E:T HA280%1, 40xF1, 20%F1, 10X 1 {2 7% 3
£ 912 0.1ml -3 plate 12012 7=.
A% I Z 7 test medium D&, KT 1% triton X
(EHF)2zMA 200, BARABKERE TR AKKLOD
MRS HEIEME A ME L. Zdplate & 200 Xg T2 %
ik, 37°C, 5% CO, 4 vy % 2 RXR—F—fp T
4BF IR IG & 7=, RIGHKRT %, 200 Xg T 2 571
Wik L, 0dlml @ EWERIZE T 05 B BAT HEEIE
¥, YA ¥y —THMlEL . Bz NK#iiaiEdE =
LTOHEKNIZENDFEEL £,

B, 7 78—

Experimental release — Spontaneous release

Bk (EBRIE) — B AR R

X 100 (%)

Maximum release — Spontaneous release

e A B AL — B A B

Target-binding Cell Assay Against K-562. To
determine binding capacity of lymphocytes
against K-562, a target-binding cell assay’ was
conducted. Lymphocytes were suspended in
test medium, and 0.1 ml of this suspension
(2%x10%/ml) and 0.1 ml of K-562 suspension
(1 x10%/ml) were mixed in small tubes, centri-
fuged at 200X g for five minutes at room
temperature, and incubated in ice-cold water
for 30 minutes. After reaction, they were
resuspended and 500 lymphocytes were counted
microscopically to determine the proportion of
lymphocytes bound to K-562.

Statistical Procedure. All experimental values
obtained for lymphocytes before and after

cryopreservation were compared using paired
t-test.

RESULTS

Effect of Cryopreservation on Lymphocyte
Subpopulations. Binding capacity of lympho-
cytes and SRBCs was used as an index to
determine T lymphocytes in peripheral blood. In
the previous study, as a result of using untreated
SRBCs, the proportion of E-rosette decreased
to 57.0%+162% after cryopreservation.’
However, in the present experiment in which
SRBCs treated with AET were used, the pro-
portion before freezing was 71.9%%6.4%,

K-562 (ZX3 9 % target-binding cell assay. K-562
2+ 3N Y BRDEESRE*® FH B0 I target-
1T - 7= . Test medium |Z{#3Ff
L2t U oSERIEEERE (2 X10%/ml) 0.1ml &, K-562
FHEWE (1 X108 /ml) 0.1ml 2/ K EREFTEML

FRIE LR, K7k T30 55 RO
sH. R, BEEL, BMEESTT, ' ¥/
S00fE = #t 2, K-562 L5 L TWV31Y ¥ /NERD

#H e rkd

binding cell assay’

Fim T 200 Xg, 57

Lh

MEth &, WEFREN, B0 XK EHWT
o NzMHlE, paired t-test & W THELL 2.

fa ok

WEERTEH 1) > /INER subpopulation IC 5 A 3 B2 EE.
RKEMAPDT ) »3skaskds012, ) /38
SRBC Lt O GrEz M & L. LIAIOEERTIE
WL SRBC # HW iR, Euty FoElglE,
WERGEHROLO0%E16.2% IZETL 2. L 2L,
4l D FEET, AET /LB SRBC 2 Hw 3 &, Wi
Al 71.9% £ 6.4%, FEERFER 69.9%E7.0% Tl



which was not significantly different from
69.9% +7.0% after freezing. Thus, no effects
of cryopreservation was observed (Table 1).
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2L, BERTFILLIIPE2zED 2P (FE]).

TABLE 1 EFFECT OF CRYOPRESERVATION ON E- AND EA-ROSETTE FORMATION
#1l Evuty b, EAvuty PEKEIZHIT2HIERFOBE

No. of

o . -
I Fresh (%) Frozen (%)
E-rosette
(SRBC treated with AET) 17 71.9+6.4 699% 7.0 NS
(SRBC without treatment) 5 71.2286.5 57.0 £16.2 P<0.05
EA-rosette 12 18.4 £4.1 178 £ 41 NS
Double rosette (T~ cell) 12 13.5%3.2 128% 4.0 NS

E: Sheep red blood cells (SRBC) & ¥ Y #iiEk( SRBC)
EA : Chicken erythorcytes coated with anti-chicken erythrocyte antibody (IgG)

=7 FYURMERICE(IgG ) (T4 =7 F Y IRMLIR

MeanxSD FH+EdiEx
*Student t-test; NS-not significant & ¢ % v

As the index to detect all the cells possessing
IgG-Fc receptors, the rosette-forming (EA-
rosette) test was conducted using the cells and
chicken erythrocytes sensitized with antichicken
erythrocytes rabbit serum (IgG fraction). The
proportion of EA-rosettes before freezing was
18.4% *4.1%, not significantly different from
17.5% *4.1% after freezing. Thus, no effect of
cryopreservation was observed in the cells with

IgG-Fc (Fcy) receptor detected in this EA-
rosette-forming test (Table 1).

To detect T cells (T cells) among cells possessing
Fcy receptor, the double rosette-forming test
was conducted. The values before and after
freezing were 13.5%%3.2% and 12.8% £4.0%,
respectively. Thus, no change was observed in
the proportion of T cells (Table 1).

Monoclonal antibodies which are more specific
to cell membrane antigens than the above-
mentioned rosette-forming test were used to
determine the proportion of Ilymphocyte
subpopulations.

Anti-Leu-1 is a monoclonal antibody against all
T cells, anti-Leu-2a against suppressor-cytotoxic
T cells, anti-Leu-3a against helper-inducer T cells,
anti-HLA-DR against B cells and monocytes,
anti-Leu-7 against NK cells, Mo2 against
monocytes, and B1 against B cells.

[gG-Fe Lt 7% —%RZEAT 2T XTOHNa = it
T A48 LT, MilaL=7 b ) dRmEk 7 4 ¥ IM{E
(IgG % @) THRIEL /=7 b HkMmEkEDaE v b
EX(EAnty P)ABRzHVAE EAvty O
A L EEEET 18.4% +4.1%, #EERTFHR 17.5%+
4.1%TC, HEERFMRTCELIZ DY, IO
EA 0 € v bR CHl &N 3 gG-Fc (Fe,)
L+ 7% —% & 2#flalEicly, BESERTFIZELSIEE
Zhhro(F1).

Fey Lt 7% —#%&ofifiaitho Talla (T, Mla) O
Bz, Fy7roty VERREREZ T 2. WERF
MEBEOMIEFNFN13.5%£3.2%, 12.8%+4.0%
T, T Ml OEERTRETH -2 (£1).

F@Eoo¥y PERKERICH ST, #MEBEREIZS -
LB AR TE/ su—FifRERHVT, V) ¥ /8
¥k subpopulation O &5 & 5 L 7-.

£/ 7 80—F VKO anti-Leu-1 [T T AL,
anti-Leu-2a | suppressor-cytotoxic T # fig iZ,
anti- Leu-3a |1 helper-inducer T #l l@ {2, anti-
HLA-DR (2 B#fa & (F BEKIZ, anti-Leu-7 [ NK
Az, Mo2 (ZBiER|Z, Bl [ B#igizxt+ 3 HIF
Tdd.
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As shown in Table 2, the proportion of various E21CmT Loz, E/7u0—FLHEKEBVE
subpopulations of lymphocytes determined by
monoclonal antibodies was not affected by
cryopreservation. Also, no difference was
observed in the degree and nature of fluorescent
staining of cell membrane before and after

cryopreservation.

) v sYERk D & fll subpopulation D | &%, EEERF
¥ 7z, fMllalo st
DER, BIRIZL, EEFRHFIRTZ3 22 1.

L&D Rz T a7k,

TABLE 2 MONOCLONAL ANTIBODY-DETERMINED SUBPOPULATIONS OF
FRESH AND FROZEN LYMPHOCYTES

£2 FT/r7u-—FLHfkEBOEE, @) /SR O subpopulation

No. of subjects Fresh (%) Frozen (%)
Viability 34 99.9 0.1 89.2+4.7
Leu-1 (total T cell) 34 67.2 6.8 67.6 £8.3
Leu-2a (suppressor-cytotoxic T cell) 34 27.2+6.8 27.7+73
Leu-3a (helper-inducer T cell) 34 434 8.6 44.1x7.9
HLA-DR (B cell, monocyte) 33 21.4%98 20.9£8.0
Leu-7 (NK cell) 16 13.6 £3.5 13.6 £5.0
Mo2 (monocyte) 10 3.2+27 2D =10
B1 (B cell) 16 16.5+7.2 14.8 £6.1

Mean* SD i3+ fRHE (i 2%

The proportion of peripheral blood lymphocyte subpopulations was determined under a

fluorescence microscope by the indirect immunofluorescence antibody method using mono-
clonal antibodies.

FiGM ) > 795k subpopulation OEHIZ, T/ 70—FLHEEZERL THMBREE EHERIZEST
WA T CHIE L .

KL, BESRAFHAM @ ) » 733K subpopulation [
RIETEHEsBITLL. SAOHRABIZIHFWVT, &S
FFHRLRZ»PBE TR LAY, RIILRTEIIC
HASTRF M ICP R 134 <, subpopulation D #| & |2
wlolgAa s - /z. BIE, BICHEETFHEM2
Er L THIHTH 5.

Next, the effect on length of cryopreservation
on lymphocyte subpopulations was observed on
five subjects up to a maximum period of 12
months after freezing, but as shown in Table 3,
no differences were observed in the proportion
of subpopulations by cryopreservation period.
Presently, further observations are being made by
extending the cryopreservation period.

TABLE 3 LYMPHOCYTE SUBPOPULATIONS AFTER DIFFERENT
PERIODS OF CRYOPRESERVATION

# 3 HESCR{FIAMA Y ~ 732k subpopulation

Cryopreservation period

Fresh 2 weeks 1 month 2 months 12 months
Viability 99.8 £0.2 85.8 4.7 89.7 £3.7 83.5x7.0 86.9 £4.0
Leu-1 66.7 £5.8 63.8 9.9 676 54 65.0 6.4 67.9%2.1
Leu-2a 26.1 £6.3 25.1%+4.2 27258 297 £6.8 28.7 £6.1
Leu-3a 44,1 8.8 45.0x5.8 39975 49.1+4.2 47.0%£23
HLA-DR 16.5 6.7 16.6 £3.2 158%5.3 16.7x24 18.8 £4.7
Leu-7 17.9 4.2 18.1 4.0 20.2 46 = 188142

Mean % * SD of 5 experiments.

SEEMO T (%) £ RUER 2
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Effect of Cryopreservation on Various Exami-
nation of Lymphocyte Functions.

Capacity of IgG Production (Table 4). Mono-
nuclear cells at concentrations of 1.25x 10° /well,
2.5%10° /well, and 5x 10°/well were stimulated
by PWM, but their capacity to produce IgG was
not affected by cryopreservation. However,
antibody production of controls (unstimulated
cells) decreased after cryopreservation when
the number of cells was adjusted to SX 10° [well,
Antibody production also decreased after
preservation in the other two suspensions, but
the change was not statistically significant. It
was considered that the appropriate number of
cultured cells should be 2.5x 10° /well for the
determination of IgG production.

RERF TR 17-85

RBREFEIEE) N HEBEREICS A TR,

IgGPEAERE(F34). 1.25X10° /well, 2.5X10° /well,
5 X105 /well O B % PWM CHl# L =5BE0
IgG fEEReE, BHERTILLIER2ZTEZI L.
LA»L, 2> o= (EREMAREE) T, Mz
5 X105 /well IZFE L 72555, HERFRIUFEED
=T 45807~ Hiaf2.5X105 /well, 1.25X 105 /well
TH, BEERFRINEEES ET L 2ZH,
HHMICAERB TR Aok, LEF - THBERT
) »235k%E IgG EEERDMREICHER T 25518, B3

fHiEE 2.5X10° /well AT & B b .

Z OEAL

TABLE 4 IgG PRODUCTION BY FRESH AND FROZEN LYMPHOCYTES

F 4 FrEE, @iEEY) v NERIZ & B 1gG PE A e
IgG concentration (ng/ml)
Cell No. of Control PW;IL?E;?SHQG
n}linetli]er subjects P
Fresh Frozen Fresh Frozen
5% 10° 13 993 + 701 617 £516 3254 + 1295 2923 +1158
* P<0.05 NS
2.5 X 10° 12 438 +499 345 + 313 1882 + 1311 1852 + 1111
* NS NS
1.25 X 10° 14 327 £ 428 146 £ 118 872 + 604 753 + 532
* NS NS

*Student’s t-test; NS—not significant. NS, & T %2 v
Mononuclear cells were stimulated by PWM for 7 days. Concentration of IgG in the supernatant

was measured by radioimmunoassay.
Hi#A: 7 B0 PWM @l L ~.

Antibody-dependent Cell-mediated Cytotoxicity.
As shown in Table 5, in the plaque assay using
SRBCs as target cells, ADCC activity before
freezing was 6.9% *2.5% as against 7.0%£2.7%
after freezing, indicating no effect -of cryo-
preservation. = When >H-proline cytotoxicity
assay was used, ADCC activity against T-24
cells decreased by 6% or less in 3 of the 15 cases
studied, but by 10%-30% in 6 cases, and 30% or
more in another 6 cases (Figure 2). The average
value of ADCC activity was 77.5%%13.6%
before freezing which was highly different
(P<0.001) from 50.1%%20.0% after freezing,
thus a decrease in ADCC activity was clearly
evident after cryopreservation.

11

Eifh o 1gG @ ERE 12 radioimmunoassay |2 & - THIE L 7.

miEREEMakEE. #Ealijaé LT SRBC z Hw
7 2=78T3, 5 (IR T & I 12, ADCC &
FHEER 6.9%F2.5%, HERFHRT70%E2.7%
T, BERGFILLI2ZEHMIBD s h o7, *H-
proline cytotoxicity assay @ H \» T, T-24 #ifia|:
x4 5 ADCC iFME#ME L 2B 4E, WERGFY o0
k> ADCC {EtkiL, IS OREMRED 351X 6 %
LLTDETIZEE 75, 6#1310%~30%, EU
EA06HIZ0%LL EDOEKT2RLZ(K2). HES
Aif & ADCC G D F M 77.5% *+13.6% 124 L,
HAERTE%1250.1%+20.0%T, BH5 A1z ADCC
EECETFZED L.
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TABLE 5 EFFECT OF CRYOPRESERVATION ON THE
PERCENTAGE OF KILLER CELLS

#5 F7-—MlROEGIIHT IRERTFOLE

Fresh (%) Frozen (%) =
Recovery — 65.5x21.9
Viability 99.7 £0.3 84.9%+ 6.3
Killer cells 69+25 T0x 29 NS

Mean £ SD of 16 experiments. 16l fif @ 7 15 = FLHE{iF £
*Students t-test; NS-not significant. NS #ETZ L
Killer cells lysed antibody-coated SRBC to form plaques.
* 5 —fIRaE PR+ SRBC 2L 77— 7 2K L .

FIGURE 2 COMPARISON OF ANTIBODY-DEPENDENT CELL-MEDIATED
CYTOTOXICITY (ADCC) OF FRESH AND FROZEN CELLS

M2 FiRE, WESKIREIC B B IR (KIF MR 00 H ik

%
100
)
\ -0
3)
O
a
< 50 \
32

FRESH FROZEN

EFFECTOR LYMPHOCYTES AND T-24 TARGET CELLS LABELED WITH
3H-PROLINE (250:1) WERE INCUBATED IN THE PRESENCE OF ANTI-
T-24 ANTIBODY FOR 24 HOURS, AFTER WHICH THE AMOUNT OF
RADIQACTIVITY IN VIABLE TARGET CELLS WAS DETERMINED.

IT727%—1 »/38k¢E 3H-proline (250 © 1) 3% T-24
o iaix, T-24 iR & & & IC24BF R IG & ¢ 2%
FEENMaO K rEiEE X HIE L 2.
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NK Cell Activity. It is generally considered
difficult to keep NK cell activity intact under
the heretofore used conditions.  Thus, the
authors studied two important items, 1.e.,
freezing medium and freezing rate, in order to
improve preserving conditions.

First, using pooled human serum and FCS as
the serum component of freezing medium,
NK cell activities after freezing were compared.
As shown in Table 6, after freezing NK cell
activity decreased equally in both cases, so that
we employed FCS as freezing medium in
subsequent experiments.
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NK #faiEE. —i%lz, NK #iigEdE s +a1iik-o
FEHBEREFTHAZLERAROEFTCIRHELE SN
TW3., ZZTEESIERDEHEZRIINRT S
oz, KOBEELZ2H1I2VTHRE T .

IV, dERGFHOMFER Y I MRIFME &
FCS # Bw T, HERFHRD NK #ifaidit z g
LZ. BOIZRT L1, WTFhDILiE % EEFRTF
HIZHERL Y, BEFEAFERNKMEEPET
LTWwi., LEDF ST, g0 ESRIZIE FCS % M
(RFEHRIZHW .

TABLE 6 EFFECT OF SERUM IN FREEZING MEDIUM ON
NK CELL ACTIVITY

£ 6 NK g o+ 2 @EBERICH 1T 5 MiE0RE

NK cell activity (%)

E:T ratio Frozen
Fresh
FCS PHS
40:1 498134 288176 2T
20:1 38.2£12.8 18234 181238
10:1 29.1%+11.2 9933 10.6 £2.3

Mean £ SD of 9 experiments.

9 3 E o 1 = R A

FCS: Fetal calf serum; PHS: Pooled human serum.

7 ¥ fG T mT

b bR

Lymphocytes were frozen at a rate of —1°C/min.

) Rk T EEER —1°C /min THEES L 7=

E:T ratio, effector cell to target cell ratio. =7 = 7 # —#llfig & Syl lad e

Table 7 shows the effect of freezing rate
(—=1°C/min, —2°C/min) of the liquid phase on
NK cell activity after cryopreservation. When
the freezing rate was —1°C/min, NK cell activity
was slightly higher, but not significantly, than
when the freezing rate was —2° C/min.

Although these conditions mentioned above were
applied, it was still difficult to preserve NK cell
activity in the same state as prior to freezing.
Therefore, various attempts as below were made
to improve the recoverability of NK cell activity
after cryopreservation.

13

#7112, BHEOHEIEERE (—1°C/min, —2°C /min)
A, BERTFEO NKAREEEIIRIETER2TL
7. BEEERF —1°C/min @& %X, —2°C/min @
& x L HANNK#EEEDY, b¥FHrIizEifiznl -
A, EROEZEIED 71,

ChoDEGFTERL2LTE, NKAMlaEEzs, S
A OIREBTHERIFT A2 EIIHETH-Z. LD
T, KIZEH#EHEZO NK #ilgiZE0 R EEZERT 5
ZOIZHE A DT 7 A& 7.
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TABLE 7 EFFECT OF FREEZING RATE ON NK CELL ACTIVITY
# 7 NK #ifaiEtE o+ 2 @BEER O E

NK cell activity (%)

E:T ratio Frozen
Fresh
—1°C/min —2°C/min
80:1 562 x7.4 370126 33.8x11.6
40:1 43.8 +6.2 220% 6.1 193 535
20:1 294 %73 11.0x 4.6 9.5 4.3
10:1 18.8 £3.2 51% 20 38+ 1.8
Mean % SD of 5 experiments. 5 il fii o T ¥ £ F 8 {R

Lymphocyte were frozen in freezing medium with fetal calf serum.
) v RERIE Y SRAFMI 2 EORERFERPTHLEL 2.

Effect of E:T ratio. As shown in Figure 3, the E:THOEE. X3ion+L5c, BEEERFEY 4

NK cell activity of cryopreserved lymphocytes
was depressed, but thier functional recovery

o) NK #aigtE 0 & 00, 7 ORRenyE 5

rate [(NK cell activity after freezing/NK cell [ (EigEH% NK #ifaiEME /di45 50 NK flifaigie) X100)
activity before freezing) X 100] increased as 3. E:THAF k&L £33, FRLTWS. E:T K

the E:T ratio was greater (Table 8), e.g., when
the E:T ratio was 80:1, the recovery rate was

60.6% £ 14 .8%.

Hol-(#F&8).

FIGURE 3 EFFECT OF E:TRATIO ON NK CELL ACTIVITY

60

50

30

NK CELL ACTIVITY (%)

10

M3 NKAfEEicxd+ 2 E:THROESE

="

FRESH

FROZEN

10:1 20:1

E

40:1 80:1

: TRATIO

E:TRATIO=EFFECTOR CELL TOTARGET CELL RATIO.
7 -7 % —#lasErdian e

L YMPHOCYTES WERE CRYOPRESERVED AND MEASURED FOR NK CELL
ACTIVITY IMMEDIATELY AFTER THAWING.

) > NERIBFEERTEL T, BEERICNKMRREEZ

#lE L .

14

st 1D EMHT, 20ON{EHEIL60.6%+14.8% T

P .
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TABLE 8 RELATIONSHIP OF PREINCUBATION TIME AND NK CELL ACTIVITY

AFTER CRYOPRESERVATION

# 8 Wi {RTETE @ preincubation BFfH & NK #fa &% o H#*
Frozen (%)
Fresh Preincubation
(%) Immediate
3 his. 18 hrs. 43 hrs.
No. of subjects 20 11 8 20 3
E:T ratio
80:1 55.5+73 34.1 £10.1*% 504 £ 9.0% 547+ 8.4% 432 +11.37
(60.6 = 14.8) (86.6 £15.2) (99.3 £13.9) (86.1 £24.1)
40:1 450 *9.7 220X 6.6%% 8.2 BPEE 40.0 £ 12.0* 299 +13.0F
(47.6 * 8.3) (59.0x11.6) (88.8 £20.0) (31.8 £33.2)
20:1 33.8+9.6 12.5 £ 5.4%% 239+ 5.8%* 27.4 +10.4%* 184+ 96t
(39.9 £15.9) (504 £16.7) (80.2 £19.2) (64.5 £29.7)
10:1 22 Y TS 82 4. 7%* — 18.1- & T7.8*%%F —
(38.9 £16.4) (79.4 £24.9)

NK cell activity of frozen cells ol £5 &1l lu > NK #ifl fa & T

X 100 (%)

( ): Functional recovery =
B e Y [m] 44 32

NK cell activity of fresh cells #1783l fa @ NK # i i TF

The data after cryopreservation was compared with the data before cryopreservation using Student t-test.
MEEMRERO T — 213 t-test 2R L THERTFMO T — 5 LWL .

T Not significant #ET %
*P<0.05
**P<0.001

Comparison of NK cell activities before and after
freezing showed a correlation (Figure 4): the
correlation coefficient (r) was 0.625 (P<0.05),
0.801 (P<0.01), 0494 (P<0.2), and 0.708
(P<0.02) when E:T ratio was-80:1, 40:1, 20:1,
and 10:1, respectively. Therefore, it was
considered that the change of NK cell activity
could be estimated by comparing samples after
freezing.

Effect of Preincubations. As the insufficient
recovery of cell membrane and cytoplasmic
metabolism was considered to be one of the
causes of lowered NK cell activity of cryo-
preserved cells, the cells were incubated at 37°C
in the presence of 5% CQO, for various periods
after thawing to examine any changes in NK
cell activity.
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Wi e, HERGFHEONKMBEE2ILERT 5
&, MAITRT L9125, HEEREE (r) 12 E: T H80x1
DEET 0.625 (P<0.05), 40x+1¢0.801 (P<0.01),
20%t 1 ©0.494 (P<0.2), 104t 1 0.708 (P<0.02 )
Fh, HESREGFRI#O NK gL, HEMEE
xR, LENF-T, BEEREFROST Y Tz
it E+ 5 2 & T, NK#RaIEME O #E A HEE
CRABEBZ NI,

Preincubation M #2 & . HERGEMIE o NK #i/
EME O T o, AR e AR T GH O B 55
+aTChEwI sy —HEEZLGNZNT, Midz
WAERTEMAE R, —EMM37°C, 5% CO,FEDPT
incubation # 1T\, NK #faiftnZ® = &5 L .
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FIGURE 4 COMPARISON OF NK CELL ACTIVITY OF FRESH AND FROZEN LYMPHOCYTES
g4 HiEE, HEEY vREKIZEH T A NK HaiE o b
"" E:T = 80:1 % E-T = 40:1

A Eﬂ = ﬂ Eﬂ =
‘ @
m O
o rd
2 w
W 60 | S 60 |
O e
> [ L
(I e
L o
O >
> 40 - = 40 |
].._.. 2
o <
X :
E a0k g T AGMLER S 20l r=0.801 (N=11)
:’E-: : =0.87x — 14.65 E Y = 0.49x — 0.60
o hae R P < 0.01
4

ﬂ 1 1 1 i ﬂ ] ] J- i

0 20 40 60 80 % 0 20 40 60 80 %
% CYTOTOXICITY OF FRESH CELLS

8 % E:T = 10:1
g0 E:T=20:1 @ gof ” -
- &
& Q

=

= L
E 80 k- N 60 L
c s
L.
w S
o
. 40 L 3_'_; 40 L
|: Q
3 X
* 0
) . =
E 20 |- . r=0.494 (N=11]) E 20 - r=0.708 (N=11)
; e Y =(0.24x + 4.68 ?_';. : Y=037x+0.14
- ok B P <02 < P <002

0 1 ) | | 1 0 - ; 1- | 1 I

0 20 40 &0 80 % 0 20 40 60 80 %

% CYTOTOXICITY OF FRESH CELLS

THE NK CELL ACTIVITY OF FROZEN LYMPHOCYTES WAS MEASURED IMMEDIATELY AFTER THAWING.

HEEY) RO NK il laiE i (AR i (120l L 7.

First, using fresh lymphocytes, effect of pre-
incubation on NK cell activity was determined
on four subjects. The average percentages of
NK cell activity of fresh lymphocytes were
51.6%*10.3%, 35.1%*0.3%, and 24.3%*8.1%
for E:T ratios of 80:1, 40:1, and 20:1, respec-
tively, and after preincubation for 18 hours,
they were 49.8%*4.1%, 38.9%%6.1%, and

29.1%*6.3%, respectively; no  significant
differences were noted between the above
findings.

Next, lymphocytes after cryopreservation were
preincubated as described above for 3, 18, and
43 hours, and NK cell activity was measured.
To minimize errors which could be caused by
measurement conditions, NK cell activity was
measured immediately after cryopreserved cells
were thawed, and then after 3, 18, and 43 hours
of preincubation.
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As shown in Table 8 6 when the E:T ratio was
80:1, recovery rate of NK cell activity immedi-
ately after thawing was 60.6% £ 14.8% as against
86.6% *15.2% after preincubation for 3 hours,
99.3%*13.9% for 18 hours, and 86.1%*24.1%
for 43 hours, and it was found that preincubation
for 18 hours would lead to the recovery of
almost 100%. When E:T ratios were 40:1,
20:1, and 10:1, NK cell activity decreased after
freezing compared to before freezing even after
preincubation but, after preincubation for
18 hours, the recovery rate of NK cells were
88.8% +20.0%, 80.2%19.2%, and 79.4% % 24 .9%
for the E:T ratios of 40:1, 20:1, and 10:1,
respectively.

To study the mechanism involved in the recovery
of NK cell activity by preincubation 1) viability
of cells, 2) recovery rate of cells, 3) proportion
of lymphocyte subpopulations, and 4) pro-
portion of target-binding cells were compared
(Table 9).

Viability of cells immediately after thawing was
92.9%*3.2%, which was not significantly
different from 92.5% % 3.5% after preincubation
for 18 hours.
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TABLE 9 EFFECT OF PREINCUBATION AFTER CRYOPRESERVATION
ON FROZEN LYMPHOCYTES

F 9 @EEY U NERICH T A A RTFHE D preincubation D 2

NU.‘ ot Immediate 18 hrs preincubation
subjects
Viability 20 929+ 3.2 92.5% 3.5
Recovery of cell number 20 81.7 £23.7 69.9 255
Lymphocyte subpopulation 14
Leu-1 67.0% 9.2 67.5% 9.0
Leu-2a 26.1 5.3 25.8x 5.1
Leu-3a 409 5.9 41.6 = 6.8
HLA-DR 159 7.1 141t 3.8
Leu-7 214% 56 21.3% 36
% target-binding cells 21 8.2x 26 136 5.1

Mean % £ SD 5% + #EHE (@ 2=

One portion of frozen lymphocytes was used to measure each immunologic parameter imme-
diately after thawing and the remaining cells were incubated for 18 hours and then each

parameter was measured.
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Recovery rate of number of cells immediately
after thawing was 81.7%*23.7% as against
69.9% *25.5% after preincubation for 18 hours,
which indicated that preincubation had caused
decrease of number of cells by about 10%.

Proportion of lymphocyte subpopulations was
studied using monoclonal antibodies. There was
no difference in proportion of NK cells (Leu-7
positive cells) between 21.4% % 5.6% immediately

after thawing and 21.3%%5.6% after pre-
incubation. Also, the differences between
proportion of lymphocyte subpopulations

immediately after thawing and those after
preincubation were not statistically significant
in the proportion of T cells, cytotoxic-suppressor
T cells, helper-inducer T cells, B cells, and
monocytes.

Proportion of target-binding cells immediately
after thawing was 8.2%*2.6% as against an
evidently increased value of 13.0%%5.1% after
preincubation, = which  showed  significant
difference (P<0.01), and it was elucidated
that cells binding with K-562 increased.

The above-mentioned results show that, though
neither viability of cryopreserved lymphocytes
nor percentage of NK cells was affected by
preincubation, the number of cells binding to
K-562 increased. This suggests that recovery
of the target cell-binding capacity of cryo-
preserved cells is the cause of recovery of NK
cell activity.

Effect of Length of Cryopreservation Period.
Cells cryopreserved for various periods from
two weeks to 14 months were thawed and,
after preincubation for 18 hours, NK cell activity
was measured. As shown in Figure 5, when
E:T ratios were 80:1 and 40:1, NK cell activity
was not different between before and after
freezing up to 14 months of storage. When
E:T ratios were 20:1 and 10:1, after two weeks
of preservation period, the activity decreased
compared to before freezing, but no further
decrease was observed when cryopreservation
period was extended to 14 months.

DISCUSSION

Technical difficulties of cryopreservation rest
in the fact that low temperature damages and
destroys various functions of cells and tissues
while maintaining their viability for a long time,
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FIGURE S NK CELL ACTIVITY AFTER DIFFERENT PERIODS OF STORAGE
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PERIODS OF STORAGE

and a perfect cryopreservation technique has not
yet been established despite the desire to use it
in not only medical but also in other fields of
science where the efforts of many researchers
have thus far made. The authors reviewed
problems in cryopreservation of human lympho-
cytes and possibilities for its opplication to
immunology and clinical medicine, using various
immunologic parameters as indexes.

In freezing cells, there is a difference in freezing
mechanism between inside and outside of a
cell, separated by the cell membrane as the
border. It will be most important to determine
the optimal conditions for cryopreservation
preventing or minimizing the effect of freezing
damage on the cell membrane.

Lymphocytes have a large number of antigens
as well as various receptors on their membrane.
Thus, effects of cryopreservation on lymphocyte
membrane have been studied with respect to
surface markers, such as the E-rosette receptor,
complement receptor, Fc receptor, cell surface
immunoglobulin, etc. In general, there have
been many repnrtsa_“ indicating that these
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surface markers are not affected by cryo-
preservation. However, after cryopreservation,
Jewett et al'? reported an increase of E-rosette
and a decrease of EAC-rosettes, while Callery

et al”® reported a decrease of E- EA.-, and
EA,-rosettes and an increase of EAC-rosette.
It is considered that differences among these

results occurred because rosette-forming tests
are easily affected by differences of SRBC lot,
presence of AET treatment and neuraminidase
treatment, temperature of reaction, reaction
period, and mechanical handling after rosette
formation as well as different conditions of
cryopreservation used.

One of the newest and most reliable methods of
identifying lymphocyte surface markers is the
use of monoclonal antibodies, such as those
against Leu-1, Leu-2a, Leu-3a, Leu-7, HLA-DR,
Mo2, and Bl antigens. For the proportions of
lymphocyte subpopulations detected by these
antigens, no difference was observed before and
after cryopreservation as in the case of the E-
and EA-rosette-forming tests. However, because
changes in lymphocyte subpopulations classified
by surface markers do not necessarily correlate
perfectly with changes in their function, the
effects of cryopreservation on the biological
function of lymphocytes was studied further.

In the previous paper, we reported the effect
of cryopreservation on lymphocyte blastogenesis
stimulated by phytohemagglutinin, concanavalin
A, and PWM and mixed lymphocyte culture.
In the present paper, analyses were made on
the capacity for antibody production and
cytotoxicity of cryopreserved lymphocytes.
B lymphocytes, responding to various antigens
and in the presence of helper T cells and
macrophages, proliferate, differentiate, and
mature, to finally become antibody-producing
cells. Donaldson et al'* studied antibody
production of cryopreserved lymphocytes using
the Jerne plaque assay and found no significant
changes in capacity of lymphocytes to produce
antibody. Here we made such measurements
using radioimmunoassay and obtained results
similar to theirs. Under the cryopreservation
conditions reported here, cryopreservation was
possible with functions of B cells, T cells, and
macrophages for antibody production to be
kept intact.
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Next, review was made on cytotoxicity which
had been considered to be sensitive and suscep-
tible to low temperature. ADCC means
cytotoxicity by nonsensitized leukocytes which
are activated by combining with target cells
through specific antibodies and their cell-surface
Fc receptors. With regard to ADCC of cryo-
preserved lymphocytes, some reported high
values'! after cryopreservation and some others
low values.’® Miller et al,'® using *H-proline
cytotoxicity assay, reported that ADCC activity
decreased when the E:T ratio was low, but that
no difference was observed when E:T ratio was
high. We observed no effect of cryopreservation
by the plaque assay using SRBCs as target cells,
but did observe a decrease in ADCC activity after
cryopreservation by the same >H-proline
cytotoxicity assay as used by Miller et al, using
monolayer adherent T-24 cells as target cells.
One reason for these inconsistencies is that ADCC
response itself differs remarkably with the kind
of target cells, various antibodies, and kind and
number of effector cells used. The reason why
Miller et al'® observed no difference in ADCC
between before and after cryopreservation when
using high E:T ratios, is probably that there are
not such changes in results as reflected in ADCC
in the presence of more than a certain number of
killer cells. Therefore, when cryopreserved
lymphocytes are used for measuring ADCC,
it is necessary to make measurements under the
condition that the number of cells is sufficient
for ADCC.

NK cells, which possess nonspecific cytotoxicity
capabilities, are considered to function as a
primary defense against heteroantigen (carci-
noma) in an organism and to have an important
role in immunologic surveillance. Thus, effects
of cryopreservation on NK cells were studied
from the aspects of the proportion of NK cells
and NK cell activity. The results obtained

showed that there was no difference in the
proportion of NK cells before and after
cryopreservation, but that NK cell activity

decreased after cryopreservation. This indicates
that the expression of membrane surface
markers, at least the Leu-7 antigen, does not
correlate directly with function. This may be
because the Leu-7 surface antigen on NK cells
which was used to determine the proportion
of NK cells, did not act as a functional receptor
and remained intact, whereas it is possible
that - functional receptors on NK cells were
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inactivated and damaged by cryopreservation.
According to our results, the proportion of
cells capable of binding to target cells
decreased immediately after thawing, and this
provides evidence for the possibility that
functional receptors have been damaged by
cryopreservation.,

Effect of cryopreservation on NK cell activity
has thus far been made using various assay
systems. Though no effect of cryopreservation
has been observed in experiments using Ml-ﬁim13
F—26S,m T-24, and RT4° as target cells, it has
been reported that a decrease in NK cell activity
is caused by cryopreservation when K-562
cells, a widely-used NK sensitive cell line, is
used.”!® We also found that NK cell activity
against K-562 decreased immediately after
cryopreservation, though a correlation in activity
was observed before and after cryopreservation.

Various conditions of cryopreservation such as
freezing rate and serum component of freezing
medium, and E:T ratio as a condition for NK
cell activity measurement were tested, but no
improvement was observed in NK cell activity
after cryopreservation. However, a recovery of
NK cell activity was observed after preincubation
of cryopreserved lymphocytes at 37°C for

18 hours. These are considered to be valuable
data because few similar results have been
reported. Mechanisms of recovery of NK cell

activity by preincubation are presumed to be:
1) recovery of NK cell function damaged by
cryopreservation, 2) induction of NK cells during

preincubation, and 3) a relative increase in
effector cells incurred in the processing of
preincubation.

With regard to 2), Zielske et al'’ reported that
FCS has mitogenic function against human
lymphocytes and that blastogenic lymphocytes
show cytotoxicity. Also, Ortaldo et ik
observed NK cell activity after culture for five
or more days after removing cells possessing Ig
Fc receptors. However, cytotoxic response
did not increase after culture for 18 hours In
either case. In these studies, we screened FCS
to use lots not mitogenic against human
lymphocytes in all the experiments, and cultured
fresh lymphocytes in medium containing these
FCS for 18 hours for confirmation, and observed
no difference in NK cell activity before and
after culture. Further, no difference was
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observed in the proportion of subpopulations
of cryopreserved lymphocytes before and after
preincubation (Table 8), so that an increase in
cytotoxicity caused by increase in the numbers
of NK cells is negated.

With regard to 3), though there was no difference
in viability of cryopreserved lymphocytes
before and after preincubation (Table 8), because
of the decrease in cell number by about 10%
due to cell killing during preincubation and
because of technical loss caused by preincubation,
the final concentration of NK cells in cell
suspension used in the experiments might have

increased and false recovery of NK cell activity

might have resulted.

However, it is considered that the strongest
reason for the recovery of NK cell activity is
as noted in 1), recovery of NK cell function.
NK cell activity is considered to manifest itself
through three steps, i.e., binding of NK cells
and target cells, NK cell activation, and finally
damage to target cells caused by cytotoxic
molecules released from NK cells. Thus,
recovery of NK cells through these steps is
considered to be involved in the recovery of NK
cell activity. Among these, we studied the
recovery of intercellular binding capacity,
and observed that the ratio of cells binding
with target cells increased after preincubation.
Although all the target-binding cells may not be
NK cells,”” it is considered that recovery of
binding capacity with target celis is necessary
for the recovery of NK cell activity after
preincubation. Our experimental results clearly
indicate this relationship. Recovery of inter-
cellular binding strongly suggests an eventual
recovery of the other two steps mentioned
above, and it is probably appropriate to consider
that recovery of NK cell activity by preincubation

represents functional recovery of NK cells
themselves.
Therefore, it seems possible to recover many

immunologic parameters and functions after
cryopreservation, but as the NK cell activity
study indicates, it may be necessary to assess
the effect of cryopreservation on particular
lymphocyte functions ofinterest before extensive
studies are undertaken.
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