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SUMMARY Zz 8
The f_ollowmg conclusions were c.Jbtamed from E Ry L SROBRES RS, KO LS R EBREEA.
experimentation on cryopreservation of human. -

iymphocytes:

~ ot Ar Ok [y x H T
The optimum conditions for cryopreservation HERHEOZBRMNT, RERBERD

were freezing medium and recovery solution pH 7.2, GREEEGD Y B8R A i la e
of pH 7.2, concentration of cells suspended in . .

fetal bovine serum at the time of freezing of 5~7X10° /ml, WHEE2T,/ min, R
5~7 x 10°/ml, freezing rate of 2°C/min, and BELCTHk. CASOEHTT, Mk
thawing temperature of 42°C. Under such .

conditions, viability after cryopreservation of EIFHEBE.8L 3. 9% P LN,

86.8% + 3.9% was obtained.

It was demonstrated that under specific —ERFOTF T, EHER) WY ¥R
conditions cryopreserved lymphocytes are EELRER, ) Y BRI QIR R I A 2,
competent enough for lymphocyte blasto-

genesis and mixed lymphocyte culture tests S5HrAETREEORELZR T AW &AM

and are not affected by cryopreservation

within five months. shi.

It was considered that T cells are more , . .
susceptible to damage by cryopreservation BRERFIL LT, BARaLY THllY, Wi

than B cells and the cell membrane more than BEOMPEN 2 T BT LRI TV EE
the cytoplasm. 25hi

INTRODUCTION g =
Collection and preservation of immunocompetent =
cells have become increasingly important in FEZOMRIIFW T REELSHBEORR, #ED
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immunological studies. For example, preservation
of immunocompetent cells with their functions
intact would increase their utility value,
permitting further tests at any, time and new
immunological tests in future.

We have experimentally conducted cryopreser-
vation of human lymphocytes using a programmed
freezer according to the method of Stopford
et al.! This is a report on our study of the
preservability and functional changes of lympho-
cytes due to cryopreservation, using as indexes
cell viability before and after preservation,
blastogenesis in culture with mitogens [phyto-
hemagglutinin-P (PHA-P), concanavalin A (Con A),
and pokeweed mitogen (PWM)], mixed lympho-
cyte culture, E- and EAC-rosette formation
methods, and nonspecific esterase staining.

MATERIALS AND METHODS

Lymphocyte Isolation. Lymphocytes were
isolated from heparinized (20 units/ml) peripheral
blood from healthy adults (aged 20-52)} by
Ficoll-Conray density centrifugation. These
cells were used in experiments after determining
their viability with trypan blue.

Freezing Procedure. The isolated peripheral
lymphocytes were suspended in fetal bovine
serum (FBS), and the number of celis was
adjusted to 5~7 x 10%/ml. Eagle’s minimum
effective medium (MEM) as test medium
[containing 100 unitsfml of penicitlin, 0.5 mg/ml
of streptomycin, 0.02mg/ml of fungizon,
0.3 mg/ml of l-glutamine, and 25 mM of N-2.
Hydroxyethylpiperazine-N’-2-ethanesulfonic acid
(HEPES) ] with 20% glucose and dimethyl
sulfoxide (DMSQ) were mixed at a volume ratio
of 3:2 and adjusted to pH 7.2 using 1 N NaCH,
This freezing medium was slowly dripped into
the Iymphocyte suspension under ice-cold
condition, until the final volume ratio of the
latter to the former was 3:1. One milliliter each
of this mixture was dispensed into nunc vials and
frozen using a programmed freezer (Cryo-Med
Co., USA) under the following conditions:

Starting temperature

PEBRFEREE . ... v e v et

Liquid phase: Freezing rate

il WEREE ...

...........

HERESMSLT A AL, REHSMRSZO
Bz ERF LA IRFTE AL, BRROBLT
BETE, BROHLORERZILABTESZD
¢, 2 OFBMEEA S,

412, Stopford 5! OFHEIIBHT, 7OFF A
TU—HW—FH»T, M) ROBHERTFL
o, EEMBOMAPROEIE, mitogen (phyto-
hemagglutinin-P (PHA-P), concanavalin A (Con A)
& pokeweed mitogen (PWM )] i & % $h#&E b K,
Uy RRBEESREAK, E, EAC-OYy FMER
#RE%, % LT nonspecific esterase f@ &R E L T,
HHREFIL LS Y Y HROERFE L BREL s R
LD THRET 3.

HERUAE

YLIRam. EERA (EE20-52E) » 5187k
AR Y PRAIRAG L (2080 ml ) RO U ¥R &,
Ficoll-Conray )b BB TH#ELAE. Zhsdm
#Mfa %, trypan blue THEEFERLHFEL LB ERIC
Awr.

REERTFEE SBLAFRGOLY ¥ SRE7YRBRE
M (FBS ) iz i@ =4, Mlagkik 5~7 X10°,/ml
IEREIL =, 0% SNV —AEE UL - FAVRERR
BRI (MEM) (=Y ¥ 10084 /ml, AFLTF
*4 ¥ »0.5mg/ml, 77 F/S0.02mg ml, L
FNE I x0.3ng, ml, N-2-Hydroxyethylpiperazine-
N’ -2-ethanesulfonic acid (HEPES) 25mM 2 & &
o7, LT test mediom & MEA) & dimethyl selfoxide
(DMSO) # %8 3: 212 BHL, 1NNaOH % Fw
TpH7.2I0 B L. Sk EYTT, COEEHE:
VYRR o  DTRML, BAATICY L otER
S - WHEFEOFRIEE 3 1L JORSEE
1ml ¥-2 nunc viallZ L, 707 L7 Y —4—
(KRE Cryo-Med #8) FHWTEHEL L. 7073 4
T DEHFBROL BT S,
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Phase change: St:_art phase change fAZFHE A, . . —-5°C
HEE Temperature drop #BERET .... —80°C

End phase change HEE&T ., —20°C
Solid phase:  Freezingrate B&EEBE. .. .. ... 3°C/min
B k45 End temperature BAHRE .. ... —80°C

The frozen lymphocytes were preserved in liquid
nitrogen.

Thawing of Lymphocytes. The frozen lympho-
cyte suspension was thawed in a 42°C constant
temperature water bath and transferred to a
test tube kept in ice, into which 1ml of 4°C
FBS was slowly dripped. Following this, 4 ml of
test medium containing 20% glucose maintained
at 4°C was slowly added and mixed. After
mixing, lymphocytes were collected by centrifu-
gation at 1,800rpm for 10 minutes. After the
cells were washed twice with test medium
containing 20% FBS and their viability was
determined with trypan blue, they were used in
experiments.

Lymphocyte Blastogenesis in Culture with
PHA-P, PWM, and Con A. Lymphocytes
suspended in MEM containing 10% FBS were
dispensed into the wells of microtest plate-II
(Falcon Co.) so that each well would contain
2.5% 10° cells.  Then, mitogens PHA-P
{(Wellcome Co.), Con A (Sigma Co.), and PWM
(Gibco Co.) were added at the rate of 10 ulfml,
20 pg/mi, and 5 plfml, respectively, and the cells
were cultured in a 5% CO, incubator at 37°C.
Culture period was four days with PHA-P and
Con A, and five days with PWM. Sixteen hours
before completion of these cultures,
0.4 uCi of *H-thymidine (*H-TdR, Radiochemical
Centre, Amersham, England, § Cifm mol) was
added. The cells were harvested with a micro-
cell-harvester (Otto-Hiller Co.), and radioactivity
was determined with a liquid scintillation
counter.

Mixed Lymphocyte Culture (MLC). Fresh
lymphocytes obtained from the same person
were irradiated with 1,250 rad of cobalt using
RT-1008 (Shimazu Co.) and used as stimulator
cells; lymphocytes of before and after freezing
were used as responder cells, Both cells were
adjusted to 2.5 X 10°/ml and suspended in MEM
containing 10% FBS, and then dispensed into

WREL 20 ¥ SERiE, HERERPICETFL ..

U NBORMBE. W& v REREE Q2T
EREFPTEARL, RkbhoAayvic#L, 4T
FBS Ilml W< O@BML A, KWT4T, 20%
TN — R &G test mediom 4ml L2 L,
BRUL. B, 1,800rpm, W0SHOEZETED
BN 8R%, 20% FBS # & ¢ test medium T
2@ ¥ L, trypan blue THEFRF e L 28,
EBRICHWAE,

PHA-P, PWM, Con A I39 3 Y -/ EREES(RRIG.
Y Ek%10% FBS #&4 MEM z#Eg & ¢, #illg
#H % 2.5%X105 “well 1IZ% % X 7 microtest plate- I
(Faleon #8) o #3124 L, PHA-P (Wellcome
#8104, ml, Con A (Sigma # %) 20 ug, ml,
PWM {Gibco #8)5ul,/ml & %5 & 5 {7& mitogen
#MA, 37C, 5% COZTE&%.Q%’:PTH%% L. B
ML, PHA-P & Con AIZDWTIE4 M, PWM T
(L 5HAME L. 4T O168EMETIZ, 0.4 4Ci0 *H-
thymidine (*H-TdR, [ Amersham, Radiochemical
Centre, 5Ci,” mmol) #3017, micro-cell-harvester
{Otto-Hiller %3 ) THIf2 % harvest L, #fkd v &
V—Ya¥hwryy -tk RaREELREL 2.

LRSS RERE.  Stimlator cell (FREEE!
RT-10057, 1,250rad o225 F B EFHEE L
Fl— A#&E) ¥ /38R & A, responder celld L T
FHMRBEOY R ER WA,
responder cell & & 122.5X 105 /ml Ic 5B L, 10%
FBS #&# MEMIZ{2#¥ X ¥, microtest plate-Il

Stimulator cell,
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wells of the microtest plate-Il in aliguots of
0.1 ml each and cultured for seven days in a 5%
CO, incubator at 37°C; 0.4 uCi of *H-TdR was
added 16 hours before completion of culture,
and radioactivity was determined.” Every test
was conducted three times and the mean value
was used. T and B lymphocyte counting by E-
and EAC-rosette formation methods and
nonspecific esterase staining are described
elsewhere.’ '

RESULTS

The optimum conditions of cryopreservation of
lymphocytes were studied in eight experiments
concerning viability of frozen lymphocytes.

The effects of pH of freezing medium and
recovery solution are shown in Figure 1. Viability
of 70% or more was maintained with pH in the
range of 7.0-7.5, and it decreased remarkably
whether pH was higher or lower than this range.
The range of optimum pH for freezing was smali,
being pH 7.2, at which viability was 85% 5%.

The effect of the number of cells suspended in
FBS at the time of freezing is shown in Table 1.
Sufficient viability was maintained when the
number of lymphocytes was 5 X 108 fml or more.
However, when this number was 1 X 107/m! or
more, clots increased after freezing. That is,
5~7 % 10%fml was the suitable concentration of
frozen lymphocytes.

The effect of freezing rate on viability after
freezing is shown in Table 2. There was no
difference in viability between freezing rates of
1°C/min and 2°C/min in the liquid phase.

Thawing time differed by the diameter of the
tube used for freezing. Using nunc vials, viability
decreased at thawing temperatures of 37°C and
52°C (Table 3). The optimum thawing
temperature was 42°C.

When lymphocytes were frozen under these
optimum conditions in 15 experiments, the
viability after freezing was 86.8% +3.9% as
against 99.7% % 0.7% before freezing. Asshown
in Table 4 viability and PHA-P, Con A, and PWM
responses were maintained up to five months
(n=3).

Review of Effect of Freezing on Blastogenesis
in Culture with Mitogen. Lymphocytes

HRIE A0 I FOHEL, 37T, 5%CO,HER
$C 7 AR L . BEERE T OL6KMIATIC, 0.4 4Ci
@O H-TdR 200 2, efaefddEs®EL .2 2,
FTRTORFBERRZ IATY, ZOREEEE .

E-u¥ .y b, EAC-u ¥ v MM S ER L nonspecific

esterase REIZ LB TV » 238k, By ko EE
DT, BlizidEes.?

# 2
)y HRBSEROEBESE L EERY L AREF
#®izownT fH ML ~.

g, RO pH P52 3R ERHA1IOLEE0 T,
pH 7.0 5 7.5TIX 0% LOETFRERFTELY,
pHAZHEDESTHEL CHLEBTRIFLIET
L, BEEE#EpH OB Ik#k<, pH 7.25 55# T,
HHERIIGUT 5% TH - 1.

s FBS Zrifle o RirE1 IR L. #
a5 X108 /ml Ll by » R sAva et o8
EFRFRHETEL. LAL1IXIW A ml LR
2k, BEHclot £ L5, T4bb, 5~
7 X10°% /ml ML S EEY v SRBRETH- 1.

WRAEIEFEEEER ISz BB R20EE
e, HHOHEEE 1T,/ min & 2T, min M
TIREFGHh o 2.

HBIIHAWEF 2 — TOEEIC Lo THEEMIE
ZoT< 34, nunc vial 2 AV 3 L 37C, 2CCT4E
FERIAMETLA{(E3). EEEREEIILCT
bl

CHEOBEEFTIHITELERT I L, HEWNO
ERHEFTHE0.7%THEOIIAL, WREIE
86.8% +3.9%ThH 7. HAIIRLAKIIZ, &F
#E U PHA-P, Con A, PWM ORGHEES»+BE T
FEans{n=23).

)2 INBO mitogen (D3 T B EEREA D ERIC
EEREORT. 2ERMERRFELLE, BELL

I T




FIGURE 1 EFFECT OF pH IN FREEZING MEDIUM AND RECOVERY

SOLUTION ON CELL VIABILITY
B11 cHEEHs & o pH A#fs0EFEIZRIETRE
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TABLE 1 EFFECT OF CELL NUMBERS IN FREEZING
MEDIUM (FBS) ON CELL VIABILITY
#1 Wi (FBS) oilla A Hifan LI RIETRE
Cellsfml % viability
2x 10° 36t 6
4% 10° 73+10
5% 10° 87+ 5
6 x 10° 85+ 5
7% 108 85 *11
10 x 10° 8310
Mean percentages *SD of eight experiments.
SO PHESF MR ZER
TABLE 2 EFFECT OF FREEZING RATE ON TABLE 3 EFFECT OF THAWING TEMPERATURE ON
CELL VIABILITY CELL VIABILITY
#9o WEHESrHBEOEERIIRETRE #3 BERESMhoLERCREITRE
Freezing rate (*C/min) % viability Temperature % viability
1 85+2 37°C 76 £3
2 85+2 42 83+3
52 67%3
Mean percentages £ SD of eight experiments. Mean percentages £ 8D of eight experiments.
SHOPHESE L EBERE SHOFHESIR I PHERM
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TABLE 4 VIABILITY AND MITOGEN RESPONSE AFTER DIFFERENT STORAGE PERIODS
#F4 B4 5EHFHBADGEEFEL MITOGEN Hib

, Fresh 2 hours 3 months 5 months
Viability (%) 982+ 0.3 877 21 89.7f 1.6 89.0% 1.0
Control* (cpm) 1642+ 796 1877+ 999 1271 762 1587+ 788
PHA-P 3868418150 38917119474 36573+11007 38008 210683
ConA (cpm) 35200£12336 32975+ 7242 34582£14656° 337421 8272
Control** (cpm) 1151+ 489 1261+ 508 1101 311 1386+ 504
PWM (cpm) 26606+ 7715 21920+ 7247  29215% 8076 255731 9944

*Culture for four days ¢ H @i %

**Cylture for five days, mean + SD of three experiments 5 H M55, 360 PHil tEREXM

cpm = counts per minute 444

TABLE 5 RESPONSE OF FROZEN-THAWED CELLS TQ MITOGEN
# 5 MITOGEN 1244 % G£5 R A fid 0 B

Control Control
Responder 4-day calture PHA-P ConA 5-day culture PWM
cells/well
Fresh Frozen Fresh Frozen Fresh Frozen Fresh Frozem  Fresh Frozen
2.5% 10° 1834 2099 41245 42593 34139 35364 1942 1896 31847 29148
(n=15) *1006 1559 14655 12962 * 8757 =£12169 1245 *1478 £ 9902 11133
T-test . NS NS NS NS N8
1.8x10° 1815 . 1454 33615 15450 25697 14692 1684 1437 24616 16128
(n=5) * 441 *284 +3201 %3044 £ 4110 L 2486 X 189 X 462 £ 3500 £ 3570
T-test NS P<0.005 P<0.005 NS P<0.025
125 x 10° 1259 1237 25261 14029 22306 3754 1358 1024 22100 9792
(n=5) & 51 *128 12574 = 6354 £10410 £ 3438 £ 434 £ 128 *10557 =+ 7154
T-test NS P<0.05 P<0.05 NS P<0.05

Mean count per minute £8D of triplicate studies in each group.

FIN-TTIEGT A RGO LHE S 2 MREEME

cryopreserved for two hours and thawed were
compared with fresh cells cultured under identical
conditions. As shown in Table 5, under the
condition of 2.5x% 10° cultured Iymphocytes/well
there was no significant difference between
before and after freezing (i.e., no effect of
freezing, n=15). Under the conditions of 1.25 X
10% cells/well and 1.8 x 10° cells/well, incorpo-

ration of 3H-TdR in the controls was not.

significantly different between before and after
freezing, but mitogen response decreased after
freezing (n=5).

Regarding the relationship of mitogen response

to viability after freezing, nosignificant difference -

in mitogen response was cbserved when viability
was 80% or over (n=15), but the response
decreased when viability was less than 80% (n=4).
Viability of 80% or over after freezing was
necessary (Table 6).

Yy SMEFIEY v R EER—FHETHEREL,
BB LA, BECRULEES T, HEY R
2.5X10° /well &M TR EMMKRIIAEEZRSS
nt, BELLIIPEEL D24 (0 =15).
HIfR#1.25X10% /well, 1.83X10° “well Tit, I~}
—AHPH-TdR NEL DAL TN R TOBEERE T
ZArofed, mitogen 10k B KIS HEIIBBHRETLA
(n=5).

MEEROEFEY mitogen RIGHEOMEEZZ 3 L,
EHFHEOULETRHEZMRTEABEOZ RSN
Zh ol d (n =15), B0%RMTIL mitogen I
AETL(h=4), GREEOUL LoEFRF LR
Th-o(F6).
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TABLE 6 EFFECT OF VIABILITY AFTER FREEZING ON MITOGEN RESPONSE

#6 FHEROETEHRS MITOGEN Keic RiETHE

Viability
Frozen
Fresh

90% over 80-89% 70-19%
Subjects 15 3 12 4
Control* (cpm) 1834+ 1006 19471 1052 1713 % 1514 2189t 867
PHA-P (cpm) 41246114655 43031+16538 41846112108 29132120932
ConA {(cpm) 34139+ 8757 33502118470 3640911548 16962%14222
Control** (cpm) 1942 £ 1245 1814 509 1943 £ 1690 21681 1444
PWM (cpm) 31847 9902 30463*15001  28627% 9937 16086 £12207
T-test NS NS P<0.005

*Culture for four days 4 B @ E%

**Culture for five days, data present mean of tnphcate studies £SD
SEOEBOTHE LR ER

5 HEOEE,

TABLE 7 COMPARISON OF FRESH AND FROZEN LYMPHOCYTES IN
MIXED LYMPHOCYTE CULTURE (MLC)

£T VySRBAEERCETS, MY COOREEEY Y SROEE

Control MLC
Fresh Frozen Fresh Frozen
Thymidine 'i.ncorporation 2543 22027 2224 £1826 13405 3956 12140 £4239
{cpm)
T-test NS NS

~

Mean counts per minute £5D of 11 experiments 11 o % 5 H L FHKEEE

Review of Effect of Fréezing on Mixed
Lymphocyte Culture, As with mitogen response,
lymphoceytes were cryopreserved for two hours
and thawed, then cultured under identical
conditions prior to freezing, and MLC conducted
before and after freezing were compared as
responder cells in 11 experiments. As shown in
Table 7, there was no significant difference
between before and after freezing (i.e., no effect
of freezing).

Review of Effect of Freezing on Lymphocyte
Subpopulation. Review was made of five
experiments using E- and EAC-rosette formation
methods and nonspecific e¢sterase staining. As
shown in Table 8, EAC-rosette formation showed
no significant difference. On the other hand,
B-rosette formation showed decrease. No
significant difference was observed in nonspecific
esterase staining. Cryopreservation caused no
change in the ratio of T and B cells in nonspecific
esterase staining.

ULNHBESEERBADRBIC L 53X BOR.
mitogen (2 &k A EGtE LR AR, V) /R E 2HER
WHEEFEL-ZABL, WHElo) v REeEF—
S THEEL, responder celid L THEMBED
MLC # M CHEILA. RTDEED, BT
LEEBEOEZEZFESNLE -k, ThbS, BHEEILLS
BEILh /.

H&EICL B 8 subpopulation ~NDEEORE.
E-ut= b, EAC.u¥ vy MNEMRER, nonspecific
esterase eEEF AT SHE ML . KEDED
2, EAC-u¥y MrAERBERZE,oAH, EO¥yt
LK T RS hi-.
HEZH Lo/, nonspecific esterase e % H
Wi T, BMIRROHIE I, Ik 3EMEN
ot

nonspecific esterase ¢ (1L
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TABLE 8 EFFECT OF CRYOPRESERVATION ON E- AND EAC-ROSETTE
FORMATION AND ON o-NAPHTHYL ACETATE ESTERASE (ANAE) ACTIVITY
#8 WBEEN E-L U EAC-OEy FERKE,
a-naphthyl acetate esterase (ANAE) G 1Z RIZ T8

Fresh Frozen T-test
E-rosettes (%) 71.2 £6.5 5641175 0.01<P<0.05
EAC-rosettes (%) 213%1.6 200 35 NS
ANARE positive (%) 72.5 24,7 720% 3.6 NS
ANAE negative (%) 21339 17.8* 43 NS

Mean percentages £SD of units tested from five experiments

SHOTHEFRE L FERAML

DISCUSSION

Using a programmed freezer and the Stopford
et al' method, we observed no effect of cryo-
preservation in mitogen response and MLC when
the optimum number of cultured lymphocytes
was employed. Nor did we observe any effect in
the ratio of lymphocyte subpopulation in non-
specific esterase staining. We were able to cryo-
preserve lymphocytes with their function,
though short of intact, maintained.

Miller et al* reported that antibody-dependent
cell-mediated cytotoxicity tests made on a large
number of human lymphocytes showed no
difference before and after cryopreservation.
Adkison and Coggin® reported that in their
study of tumor development in vivo mixing
tumor cells with murine peritoneal exudate cells
(PEC), no difference was observed in inhibition
of tumorigenesis before and after cryopreservation
when the ratio of PEC was high.

In our experiments, good results were-obtained
in mitogen response and MLC when the number
of cultured cells was of a specific level or larger.
Probable reasons are: 1) lymphocytes have been
damaged to some extent by cryopreservation,
2) macrophages have been damaged by cryo-
preservation, and 3) DMSO has had inhibitory
effect during culture.

As for cell damage by cryopreservation, it is
considered that the lipoprotein membrane is
most susceptible to damage at the eutectic
ten‘lpemtur&.6 Reportedly, in mitogen response,
mitogen combines with the lymphocyte
membrane receptor, which is followed by a series
of phenomena to lymphocyte proliferation.’

By .our experiments, intracellular metabolic
activity toward DNA synthesis was considered
to be maintained because there was no difference

Z =

Stopford 5! MAFHEICHELT, TOFFALT ) —H—
RAGT, HEY s ESEMARKICLALLE,
mitogen |2 k& ZLHFELHIE & MLC ITHBRFIZLS
B 5Nt o7, nonspecific esterase RE
iz & 21 v 7335k subpopulation MFEEIZ L HESFRD
Shidolk. BELRELZVETE, /R
BREERELAT ) v S REBERBRETHIILN
TEL.

Miller 543, ¥l EF LT M) ¥/ED
antibody-dependent cell-mediated cytotoxicity T
Lizkoad, BEMBIIEN oL ERELAL.
Adkison & Coggin® 1, murine peritoneal exudate
cell (PEC) & BB MR & B & L in vivo THIERHE
% H7k 5, PEC MEAERIIT 3 L MAEHHRD
BEMBONEIIEF E L ERELTVS.

4 OEEBRTLE, mitogen |2 & 3PF(LKE, MLC
T —E R L oo v TIFR G 5
B, ZOBEELCE, 1) BEEFIZED) YR
bHREMMAREL BRI CVE, 2 EERTFICLD
eoUT - VNEEEZ TS, 3 IEEBC
DMSO IR & R+ 2 & 2 EHFET N3,

Eic L AMEREEE L, HEEE T RRARS RS
BEEZIRTVWEELISNRTVS.® mitogen {C
X AL BB, mitogen AY ¥/ SRREILET Y —
CEAL, VU AREMIES~MORBITHC &
EhTwa.7?

4O EBRTR, BEMBESPEVEETLIVE
O— L @PH-TdR B0 R4 0 THRERMZ ORI



between fresh and frozen-thawed cells in the
uptake of *H-TdR by controls even when the
number of cultured cells was small, but the
mitogen-bound membrane -receptor  was
considered to have sustained damage.

It is 'well known that macrophages are involved
in mitogen response.8 Sears et al® reported a
decrease in the number of macrophages after
freezing. Hem and Munthe-Kaas!® reported
decreased ability to adhere to glass and decreased
number of membrane receptors. The optimum
conditions for freezing can naturally be considered
to differ between macrophages and lymphocytes,
and macrophage damage by cryopreservation is
probably one of the reasons for the decreased
mitogen response. However, the number of
necessary macrophages is very small, and it is
unknown to what extent they are involved in
decreasing the mitogen response after cryo-
preservation. This will have to be studied.

Mangi and Mardiney'! reported that residual
DMSO after freezing inhibited lymphocyte
blastogenesis, Hence, mitogen response can be
considered to be affected by DMSO in culture.
Effects of polymorphonuclear leukocytes and
dead cells can also be considered. In any case, it
is believed that the effects of such agents on
cells after cryopreservation can be compensated
for by increasing the number of cells to that
necessary for response.

On the other hand, there is a question whether
all kinds of lymphocytes are affected by
cryopreservation or a specific lymphocyte
population is affected selectively. In the present
study rosette formation methods and nonspecific
esterase staining were employed to identify the
‘ratio of T and B cells. EAC-rosette formation
method and nonspecific esterase staining showed
no difference before and after freezing, and the
ratio of E-rosettes was decreased after freezing,
Membrane receptors were used in rosette
formation methods. Nonspecific esterase
staining, in which a-naphthyl acetate esterase
(ANAE) positive cells were identified as T cells
and negative cells as B cells,"*"® can be said to
be a zymochemical identification method. It is
considered that esterase activity is localized in
the vesicle-like organelles in the cytoplasm.l"‘
From our finding, it is assumed that the cytoplasm
is less susceptible to damage by freezing than the
cell membrane and that the membrane of B cells
is less susceptible than the membrane of T cells.
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EZFE ok ld5, DNAARAOMEEANRHE
HHIEANTWAEH, mitogen AL LT Y — 12
[EEEZFITTVREEL SN

<07 7 —¥H mitogen KL BY ¥ IREHFLKE
CHELTwEZERECHSNTVS. 8 Sears 5°
i, %07 - VORI ERSEL TS,
Hem & Munthe-Kaas" i, # 7A@~ HFREHD
ETLMELETy DB EREL TV S, BB
EFREEME VIO -—TE) yRETIIHRRD
LEZOHh, LIV T - VOBEL,
%5 < mitogen KIGENETORED —2TH5 7.
Lal, w207-—VOLERIMETHY, £0F
WEETHE D mitogen KIEHEQETR Y OREERNEL T
WAOIITHT, SEEHEN T NIEES BV,

Mangi & Mardiney™ {3, @ &% O DMSO & &
VySERHELREL2BH TS LHELTY 3.
Lz doT, mitogen ISHEA DIEEH DMSO D
EhEZLNB, IOEMIL, FHAILR L FEH
BoFELEZISNZH, TR L THHEHEERC
ZhsDEFAFEBICE R 5 REC, BRE £<
FTEZr ko TRIBCHESMasMi 5+ 8
b,

—%, BERBTE2L10koTH50EHED
VY NRHFEEERGION, HH5-EDY ¥
subpopulation ZARRMIFE L2230 HBET
B35, RAOHETH, oty FEMRRE & nonspe-
cific esterase PEFT-CT, BMfan#lE&2FHE
L. EAC-a¥ v FERRER, nonspecific esterase
RETHEEMBIIRE 2L, E-o¥y FOBREITHEES
BIETLCWE, oty MERBERICIEL 7y — %
FIFA L 7. Nonspecific esterase {tf81%, a-naphthyl
acetate esterase (ANAE ) [ fE#ila & T #ifln, Bk
Mink Bi#ilas LA, 8 ZhixBERLENLREE
#HEF A 5. Esterase i (X, IO vesicle-
like organelles IKRAELTWVWEEEZENTWVRAELY
FAORRTW, BBk sMiEEE, B
MisEWNoFFr2 <, THROEELY &
BfifanEma H A BEE B o weEah 3,
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Notwithstanding the efforts of many researchers,
no method has vet been established to cryo-
preserve lymphocytes with all of their functions
intact. The preservation method must be
improved by studying the individual functions of
lymphocytes which are gradually beingelucidated
and using a larger number of parameters. Also,
the morphological, biochemical, and biological
changes caused by freezing and thawing must be

ELOMEEDB AL b5, Vv /RO
B Bok: FHERETIHEI LMWL
Tunw, LIS END0H 5 ¥/ TR
EEACHREL, LD ELOSTA-s—RHELT
EHELRALTOPZTAIEE S B, AR,
HEEMIDL S TERD, e, EWEMC
FOEIREANL -5 E N0 LBEAEThEY

clarified. iR s %wn.
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