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SUMMARY

The cell migration method wusing an agarose
plate was applied to the cell-mediated cyto-
toxicity test. Human peripheral blood mono-
nuclear cells (PBMC) as effector cells were
separated into several cell populations, placed in
the wells of agarose plates, and allowed to
migrate. Nonsensitized or sensitized sheep red
blood cells (SRBC) with anti-SRBC antibody
were used as target cells and suspended in the
agarose plates.

SRBC around the wells of agarose plates in
which mononuclear cells were placed were
hemolyzed after several days of incubation, and
concentric hemolytic zones which could be
grossly seen were formed regardless of anti-
SRBC antibody sensitization. Since PBMC
migrated only beneath the agarose plate and had
minimal cell contact with SRBC targets, it was
assumed that a soluble cytotoxic factor to
hemolyze SRBC was released from PBMC.

No SRBC hemoclytic zone formation was
observed when phagocytic cells were eliminated
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from PBMC and granulocytes also did not forma
hemolytic zone. However, as adherent PBMC
formed 2 zome of hemolysis, monocytes were
considered to be the effector cells which released
a soluble cytotoxic factor.

SRBC hemolytic zone formation was completely
inhibited by mixing trypan blue in the agarose
plate at a concentration that would not inhibit
PBMC migration, Since trypan blue inhibits the
activity of lysosomal enzymes, the cytotoxic
factor released from PBMC is assumed to be
a lysosomal enzyme.

Many monocytes or macrophages demonstrating
extremely high acid phosphatase activity (a
marker enzyme of lysosomes) were observed in
the migrated PBMC,

INTRODUCTION

It has been elucidated that antibody dependent
cellular cytotoxicity (ADCC) is mediated by
direct contact with Fc receptors of effector cells
and antibody-sensitized target ctalls,l'2 but the
mechanism involved in the destruction of target
cells after contact is yet unknown.

We have been studying human PBMC migration
using an agarose plate method® and, applying
this method to cytotoxicity test, attempts were
made to determine whether the soluble cytotoxic
factor participates in the destruction of target
cells in ADCC. In this assay, PBMC migrate only
beneath the agarose plate and have minimal cell
contact with the SRBC targets suspended in the
agarose plate and therefore the SRBC are not
hemolyzed if the soluble cytotoxic factor is not
released from mononuclear cells, thus making
this method suitable for the detection of the
soluble cytotoxic factor.

As no SRBC hemolytic zone appeared after 3 to
16 hours of incubation which is the suitable
response time for ADCC, participation of the
soluble cytotoxic factor in ADCC was not
suspected. However, by continued incubation
SRBC hemolytic zones were formed around the
wells of agarose plates with PBMC. The SRBC
hemolytic zones were also formed in the non-
sensitized SRBC-suspended agarose plate, thus it
was assumed that the SRBC were hemolyzed
directly by a soluble cytotoxic factor released
from PBMC and not indirectly through anti-
SRBC antibody.
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This study will assess that the effector cells
which release a soluble cytotoxic factor to
hemolyze SRBC are monocytes and that the
soluble cytotoxic factor may be a lysosomal
enzyme.

MATERIALS AND METHODS

Isolation of PBMC. A volume of 30 to 50 ml of
heparinized (20 units/ml) venous blood was
obtained from healthy. adult volunteers and
mixed with an equal volume of Ca*¥ and Mg**
free balanced salt solution [BSS(—)]. PBMC
were isolated by the method of Boyum.! In
brief, the diluted blood was centrifuged on a
Ficoll-Conray density gradient at 4°C at 1,600
rpm for 20 minutes and PBMC recovered at the
interface were collected, washed three times with
BSS(—), and then used as PBMC with phagocytic
cells,

Elimination of Phagocytic Cells. Heparinized
venous blood was mixed with KAC-2 (silica
suspension, Japan Immunoresearch Labs.,
Takasaki, Japan) to 10% and was incubated at
37°C for 60 minutes with occasional agitation
and KAC-2 was phagocytized. The KAC-2
treated venous blood was centrifuged on a
Ficoll-Conray density gradient at 4°C at 2,500
rpm for 30 minutes and PBMC recovered at the
interface were collected, washed three times with
BSS(-), and then used as PBMC without
phagocytic cells.

Separation of PBMC by Rosette Formation with
SRBC. The foregoing two PBMC populations
were separated into rosette forming cells (RFC)
with S8RBC (E-RFC enriched cells) and non-RFC
(E-RFC depleted cells) by a modification of the
method of Greaves and Brown.® In brief,
PBMC resuspended in BSS(—) at a concentration

of 5 X 10% cells/ul were mixed with an equal -

volume of 1% suspension of packed SRBC in
inactivated fetal calf serum (FCS - Grand Island
Biological Co., New York, USA), which then was
distributed into small test tubes, each containing
0.5 ml. After 15 minutes of incubation at room
temperature, the tubes were spun at 4°C at
1,000 rpm for 5 minutes and then placed in an
jce water bath for one hour, The pellets of all
tubes were resuspended carefully by capillary
pasteur pipette, layered over a Ficoll-Conray
density gradient, and centrifuged again at 4°C at
1,600 rpm for 20 minutes. The pellet celis were
used as E-RFC enriched cells and the interface
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cells as E-RFC depleted cells. The contaminated
SRBC were osmotically lysed quickly by distilled
water and PBMC populations were washed three
times with BSS(—). .

Separation of PBMC by Nylon Wool Column.
Nylon wool columns were prepared by the
method of Danilovs et al® Nylon wool (Wako
Co., Osaka, Japan) was evenly packed into
plastic drinking straws. PBMC with phagocytic
cells suspended in 0.5 ml of RPMI 1640 culture
solution with 5% inactivated FCS were added on
the top of the column and incubated at 37°C for
30 minutes. The cells collected by allowing 10 ml
of 37°C culture solution to drip through the
column were utilized as nonadherent PBMC
(by column) and the cells which were pressed
through the column by adding 10 ml of 37°C
culture solution and by repeatedly squeezing the
straw vigorously were utilized as adherent
PBMC (by column).

Isolation of Adherent PBMC by a Plastic
Adherence Method.  Adherent PBMC were
collected by the method of Kumagai et al.” In
brief, 1 X 107 PBMC suspended in 5 ml of
RPMI 1640 with 10% FCS were poured into
plastic petri dishes (Falcon 3002 tissue culture
dish, Falcon Co., California, USA) pretreated
with FCS for one night, and incubated at 37°C
for one hour. Nonadherent PBMC were removed
by washing with culture solution three to four
times and then 2 ml of BSS(—) containing 0.2%
ethylenediamine tetraacetate (EDTA - Wako Co,,
Osaka, Japan) and 5% FCS were poured into the
dishes and incubated at 4°C for 15 minutes,
Adherent PBMC were then collected by jetting
the medium against the cells by pipette and
washed three times with BSS(—). These cells
were used as adherent PBMC (by dish). Cell
viability of these several kinds of PBMC
populations obtained by the above methods was
assessed by trypan blue exclusion test and found
consistently to be 95% or better.

Preparation of Agarose Plates. Culture plates of
1% agarose RPMI 1640 containing 20% heat-
inactivated horse serum (HS) were prepared by
the modified method of Pinkston et al® In
brief, 2.2 ml of distilled water was mixed with
0.8 ml of RPMI 1640 (X 10 concentrated), 2.0 ml
of HS (Grand Istand Biological Co., New York,
USA), 500 units of potassium penicillin G,
500 pg of streptomycin, and 10 uyg of
amphotericin B and was heated to 43°C. Forty

# E-RFC depleted ¥iJ25f ¢ L., A SRBC®*#®
RTEESEEESMs¢, PBMCH% BSS(—) ¢
IEHFL TRV L,
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BELTHwE, COE3ZLTHRELAMEAD
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microliters of packed SRBC were added to the
above solution to suspend SRBC in agarose
plates as target cells. One hundred milligrams of
agarose (Agarose A-45, Nakarai Co., Xyoto,
Yapan) were dissolved in 5 ml of distilled water,
boiled and then cooled to 43°C. These two
solutions were mixed quickly and 5 ml of the
mixture was poured into each plastic petri dish.
These agarose plates were kept at 4°C for about
30 minutes and wells 3.00 mm in diameter were
cut after hardening. Three kinds of SRBC as
target cells were suspended in agarose plates;
nonsensitized SRBC, sensitized SRBC with IgG
fraction of rabbit anti-SRBC antibody, and
sensitized SRBC with IgM fraction (Japan
Immunoresearch Labs., Takasaki, Japan). Agarose
plates containing trypan blue at several con-
centrations were used to determine its inhibitory
effects on cytotoxicity of PBMC.

Culture Conditions. Each PBMC population
separated by various techniques was suspended
in RPMI 1640 culture solution at a concentration
of 1 X 10° cells/ul and 10 1 (1 X 10° cells) of
these suspensions were placed in each agarose
plate well, They were incubated at 37°C in a
humidified 5% CO, incubator for 5 to 10 days
and hemolysis of SRBC in agarose plates was
observed daily.

Measurement of Hemolytic Zones and Migration
Distance. The width of hemolytic zones was
measured from the edge of the well to the end of
hemolytic zone by micrometer-attached micro-
scope. The migration distance of PBMC
populations on fixed and stained preparation was
measured with a table slide projector which
provided 8- to 20-fold magnification.

Staining of Migrated Cells. After several days of
incubation, 3 ml of buffered formalin acetone
fixative solution were poured into each culture
dish. After incubation at room temperature for
30 minutes, agarose layers were removed carefully
and the culture dishes were washed and dried.
Migrated cells were stained with May-Griinwald-
Giemsa stain (M-G), and double staining of
nonspecific esterase and chloroacetate esterase by
the modified method of Li et al® and acid
phosphatase staining by the modified method of
Tomonaga and Hiwatashi® were performed.

RESULTS
Cytotoxicity of PBMC against Nonsensitized and
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TABLE 1 SRBC HEMOLYTIC ZONE FORMATION AROUND THE WELLS OF AGAROSE PLATES
AND MIGRATION DISTANCE BY PBMC POPULATIONS

#1 PEMCHEIIX574H0—A7L— FEABILEEO SRBC EMmBEEK & U5 E PR
* Hemolytic Zone Mean + $D mm
PBMC Popuiation Migration Distance Mean + S$D mm
Without Suspended Suspended Anti-SRBC Suspended Anti-SRBC
Suspended  Nonsensitized Antibody (IzG) Antibody (IgM)
SREBC SRBC Sensitized SRBC Sensitized SRBC
E-RFC - 1.15 £ 0.82 0.96 0,78 1.21 = 0.79
Enriched Cells 0.80+£0.22 1.08+0.25 0.96 £ 0.22 1.10 £ 0.21
E-RFC - 249 1,21 246 +1.02 2.69 £ 1.08
Depleted Cells 258101 354+£1.28 3.26 2 1.16 3.53£1.13

PBMC were separated into E-RFC enriched and depleted cells by spontaneous rosette formation with SRBC
and were allowed to migrate. Four kinds of agarose plates were prepared; without suspended SRBC, with
suspended nonsensitized SRBEC, with suspended anti-SRBC antibody (IgG fraction) sensitized SRBC, and
with suspended anti-SRBC antibody (IgM fraction} sensitized SRBC. The width of SRBC hemolytic zones
and migration distance by PBMC populgtions were measured after five days of incubation at 37 Cina
humidified 5% CQ incubator.

PBMC {3 SRBC & @ spontaneous %0+ » FERIZE D E-RFC enriched &EJa% & tf E-RFC depleted # 2T 1257 8
LTS, 7HO-AFL— 2 SRBC 2 s e 4vd @, R SRBC # 3@ x4 40, SRBCHAED
IeGHA X MESTCEMRLA SRBC2F A0 4BEM VA, TTMNE 5%002 fER&ET5HM

%R, ThFho PBMCR#IZL 3 SRBC WM R U EEELRE L.

Anti-SRBC Antibody-Sensitized SRBC Targets
Suspended in Agarose Plates. Using PBMC of 20
healthy adult donors, a study was made to
determine whether a soluble cytotoxic factor
participates in the destruction of target cells in
ADCC. PBMC were separated into E-RFC
enriched and depleted cells, which were allowed
to migrate. Three kinds of SRBC; nonsensitized
SRBC, sensitized SRBC with IgG fraction of
rabbit anti-SRBC aniibody, and sensitized SRBC
with IgM fraction, were suspended in each
agarose plate as target cells. No SRBC hemolysis
was observed in agarose plates after 3 to 16
hours of incubation which is the suitable response
time of ADCC. However, SRBC around the wells
of agarose plates where PBMC were placed began
to be hemolyzed after 24 to 48 hours of incuba-
tion and clear and concentric hemolytic zones
which could be grossly seen were formed. These
hemolytic zones were formed not only in the
agarose plates in which antibody-sensitized SRBC
were suspended but also in thé agarose plates in
which nonsensitized SRBC were suspended.

The width of hemolytic zone and PBMC migra-
tion distance were measured after five days of
incubation {Table 1). Both E-RFC enriched and .

JE B {E SRBC B U #i SRBC #ifk 2 {F SRBC -3¢
THMBMELE. ADCC ¥ 2 EevMaEED
Bz, WENEEEEEFAHE L TG,
2WT, 0E0HER A PBEMC2H W THRITL .
PBMC i3 E-RFC enriched #lfa% & (f E-RFC de-
pleted BRI R L CHFE =874, ERVHEME &
LT SRBC 13 ¥ R4 SREC M IgC R 5% Xi3
IgMEZTRIEL 2L D RUIERESRBCO 3/ %
ENFhOTHI—A 7L — b€, ADCC®
RioesME s 3 3 ~16BEfoERcH 7 HFo— &
TL—FA® SRBC XL {HEML 2>k Ll
24~48IFME 2 AL D PBMC 23 AL 27 Ha—2R
Tl — FEMILEE O SRBC 0L L, PIIRTHIE
TESFALCAROBOSFABRE AL, ZOBRMLK
Ik, P CTRIEL - SRBCRFlEx 47 Fo— R
TFr—todi Ly, HBE{ESRBCR#ERE L
THO—A 7L - M BEENE.

e 5 QOB MG & UF PBMC O ¥EE R+ Hllz
L#2{#1). E-RFC enriched 1 f2# & E-RFC de-
pleted Ml AT, S, THO—AF L — FRIZEEL -
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FIGURE 1 TIME COURSE OF THE WIDTH OF SRBC HEMOLYTIC ZONES
BY E-RFC DEPLETED CELLS WITH PHAGOCYTIC CELLS

®1 HARMIEIERFE E-RFC depleted HilaF#12 &k 2 SRBC FIMEER @
B
4 -
E [ Nonsensitized SRBC
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- £ E
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E : A EES Z75
hR 2 ;
T %% 275
w i
S .t ’ 3 | 1
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G555 S5
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INCUBATION TIME {days)

Three kinds of SRBC (nonsensitized SRBC, sensitized SRBC with IgG fraction of anti-SRBC
antibody, and sensitized SRBC with IgM fraction) were suspended in each agarose plate,
and the width of hemolytic zones around the wells was measured daily for five days using a

microscope with ocular micrometer.

FHO—ZAFL— MIIER{E SRBC 2t X ¢4 4 0, i SRBCHED [gG RS R U [gM ST
RiEL%A SRBC 2 R sv~too 3#s v, AgLABEoEnERE 288, 5ABET
BRIFOA—y—2&F L AHBELACTHEL L.

depleted cells hemolyzed SRBC suspended in
agarose plates regardless of anti-SRBC antibody
sensitization, and no enlargement of hemolytic
zones by antibody sensitization could be
observed. The width of hemolytic zones by
E-RFC depleted cells was about itwo times
greater than that by E-RFC enriched cells. The
migration distance of E-RFC depleted cells was
also about three times greater than that of E-RFC
enriched cells. The migration distance of both
cell populations was extended by suspending
SRBC in agarose plates. The time course of the
hemolytic zone formation by E-RFC depleted
cells was followed for 13 healthy adult donors
for periods up to five days (Figure 1). The
hemolytic zone appeared after 24 to 48 hours
of incubation, enlarged rapidly for 72 hours of
incubation and thereafter expanded gradually.
A similar pattern was also observed with E-RFC
enriched celis.

Since it has been shown that PBMC releases a
soluble cytotoxic factor by culture to hemolyze

SRBC % # SREBC #i (& fEm FEizr » b 5 T iEM
4, BfF SRBC 2 i+ 3 2 Lok BMEE»
Bl ak3nzrkizrh 2. E-RFC depleted ffifig
I L AEMEERIT E-RFC enriched fifagt0#) 245
Thol. HEEMED E-RFC depleted fBiB3E &
E-RFC enriched a0 I3 TH o2, %/,
WTFhOMBRICELNTY, THAT-ZATL—-FAL
SRBCR*BALTHL I LI L 0BELRERENEC
Hoad. 130K AD E-RFC depleted BRIETE 12
kppRERoREEMNELE SO E CREL -
(F1). BEibRiTE %2480 Mtk Ic B EL, 720k
IERAFIZBEITIEAT ), DB AL TV,
R & 3 & 8mA» E-RFC enriched A IZHWTH
#HEEN,

PBMC I3, B2k n#i SRBCHBEEoEEIZ
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TABLE 2 SRBC HEMOLYTIC ZONE FORMATION AND MIGRATION DISTANCE
BY SEVERAL PBMC POPULATIONS

F2 Ao PBMCHIC L3 SRBCHEMEEM R UM

PBMC Population

Monocyte Contamination

Hemolytic Zone Mean + SD mm

Mean £ 5D % Migration Distance Mean £ SD mm
With phagocytic cells
. 0.61 + 0.38
E-RFC enriched cells 78+ 4.6 135043
1.77 + 0.80
E-RFC depleted cells 321115 300001
Without phagocytic cells 0
E-RFC enriched cells 12+ 1.0 080022
0.14 + 0.26
E-RFC depleted cells 3.8+ 3.6 0.78 £ 0.22
0
Nonadherent PBMC (by column) 1.3+ 1.1 1.10 £ 0.22
. 1.07 + 0.21
Adherent PBMC (by column) 185+ 7.8 240106

PBMC were separated into PBMC with and without phagocytic cells by KAC-2, and each PBMC population
was then divided into E-RFC enriched and depleted cells. PBMC were also separated into nonadherent and
adherent PBMC by nylon wool column. The rates of monocyte contamination in these PBMC populations
were determined by nonspecific esterase stain before migration. Nonsensitized SRBC-suspended agarose
plates were used, and the width of hemolytic zones and migration distance by PBMC populations were
measured after five days of incubation at 37°C in a humidified 5% COy incubator.

PBMCit» 562 UH KAC-2 122> TARMBREREL - PBMCRER UIEERE PBMCRIZAM L, iz E-RFC
enriched #IfaTE 2 ' E.-RFC depleted MIJARE I HBEL . T4, F4 00— 0H 5 A&HCTIERFIH PBMCH
RUH PBMCHELISML TRESRA. BENOITAFLOBRBE IS ITIHNRBEAEIMRFRANIAFF—F
BEFTAZLICENHEBLE THFO-—AFL-FEERESRBCE R Ea A LN XAV, TCMES % CO2
HEBZFTIAMEREEo I hFho PBMCEBAOBNFHE UREBRELRFL -,

SRBC regardless of sensitization with anti-SRBC"

antibody, the subsequent experiments were
performed using nonsensitized SRBC as target
cells. We investigated the nature of effector
cells which release a soluble cytotoxic factor
against SRBC.

SRBC Hemolytic Zone Formation and Migration
Distance by Several PBMC Populations. The
changes in width of SRBC hemolytic zones and
in migration distance of PBMC through removal
of phagocytic cells from PBMC were investigated
using nine healthy adult donors (Table 2).
PBMC were divided into PBMC with and without
phagocytic cells by KAC-2 and then these PBMC
populations were divided into E-RFC enriched
and depleted cells, which were allowed to
migrate, The rate of monocyte contamination
in each PBMC population markedly decreased by
eliminating phagocytic cells.

The hemolytic zone formation was
prominent when E-RFC depleted cells with

most

A0 51 SRBC # ML &4 k) ZifaliE A 7%
BETAZEHhdhofld, DEOERIITART
JER:{E SRBC %2 #fvfine LTRVAE, 2LT, 20
SRBC # {51l & 4 5 el At lafEE H -1 £ Bl 4 3
effector MR TH 5 H 1T 2 THEL L.

4@ PBMC BiC & 5 SRBC BMER R R UEE
JERE. PBMC A5 ABMEZRETIZLIZELT
SRBCoiEM#EH, RU PBMCOEEE#ESF Lo
FICEMTIAE SROBERAIDBTHI LA
(£2). 29, KAC-21o k- TRAEARYBEL -
PBMC # R U'3ER2 % PBMC Iz BEL, BEItZh 5
@ PBMC 2% % © # 1 E-RFC enriched S1I8E B Uf
E-RFC depleted MBI HREL TR S 2. &
PEBMCEOEHFEAREIARTREBRRTIZ L1
FOERL -

BRI, BREARORLE» > A ARER




phagocytic cells showing the highest monocyte
contamination rate were allowed to migrate
(Table 2 and Figure 2). The formation of
hemolytic zone was almost completely abolished
by eliminating phagocytic cells in all PBMC
populations.
decreased by eliminating phagocytic cells especial-
ly in E-RFC depleted cells (Figure 3). The
difference in migration distance between E-RFC
enriched and depleted cells almost completely
disappeared after phagocytic cell elimination.
Though granulocytes migrated quite well, no
hemolytic zone was formed. There was no zone
formation around the wells in which only culture
solution was placed as control.

PBMC were also divided into .adherent and

nonadherent PBMC (by column) by nylon wool |

column and the differences in width of
hemolytic zones and in migration distance by
each PBMC population were examined using 16
healthy adult donors (Table 2). Hardly any
hemolytic zone was formed when nonadherent
PBMC (by column) which contained few
monocytes were allowed to migrate. However,
adherent PBMC (by column) contzining about
20% monocytes formed clear hemolytic zones
around the well of agarose plates. The migration
distance of adherent PBMC (by column) was
about two times greater than that of nonadherent
PBMC (by column).

SRBC Hemolytic Zone Formation and Migration
Distance by Cells Adherent to Plastic Petri Dishes.
The width of hemolytic zones and migration
distance by cells adherent to FCS-treated plastic
petri dishes were determined using 10 healthy
adult donors. The cell components of the
adherent PBMC (by dish) before culture were+as
follows: monocytes 84.6% *+ 8.0%, lymphocytes
6.1% % 3.0%, and granulocytes 9.3% t 7.4%.
Since hemolytic zone by this adherent PBMC
(by dish) was not formed until after 5 days but
appeared after 7 days of incubation, it was
continued for only 10 days in this experiment.
The width of hemolytic zones and migration
distance by adherent PBMC (by dish) were
determined after 7 to 10 days of incubation
(Table 3). The hemolytic zone after 7 days of
incubation was narrow, but it enlarged rapidly
after 10 days of incubation. The migration
distance by this adherent PBMC (by dish) was
the greatest among several kinds of PBMC
populations subjected to migration.

The migration distance was also-
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E-RFC depleted cells E-RFC depleted cells
with phagocytic cells without phagocytic cells
E-RFC enriched cells E-RFC enriched cells
with phagocytic cells without phagocytic cells

culture solution granulocytes

Figure 2. Hemolytic zone formation around the wells of agarose plate after five
days of incubation by several kinds of PBMC populations and granulocy tes

Clear and circular hemolytic zones were formed around each well in which E-RFC enriched or
depleted cells with phagocytic cells were placed. No hemolytic zones were formed around

wells containing E-RFC enriched or depleted cells without phagocytic cells and no hemolytic
zones were observed around wells containing granulocytes or only culture fluid.

2 s PBMCEHEUERIRIZES S AMEEHZO 7HFo—A2 7L — FARILUBEMED
V5 I el R 1k

| MAEIERE I E-RFC depleted X1 E-RFC enriched i@l & FAL 2 7H -2 7L — MK
BECEMTHEOERLSAER s, Skl rs AffifazhoclEs s LELHG
LR ER L o, TAFRIRPHEEBROLZGFAL-ZABILABMICLEMLREER & h
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et
E-RFC depleted cells E-RFC depleted cells
with phagocytic cells without phagocytic cells

E-RFC enriched cells E-RFC enriched cells
with phagocytic cells without phagocytic cells

culture solution granulocytes

Figure 3.  Characteristics of migrated PBMC populations after five days of
incubation

The agarose layer in Figure 2 was removed, and migrated cells were stained. E-RFC depleted
cells with phagocytic cells migrated best. The migration distance of eqch cell population

decreased by elimination of phagocytic cells, especially in E-RFC depleted cell preparation.
Granulocytes migrated fairly well.

B0 3 5 0 Rk #8EE PBMC 3O #H1E

snTHO— AR ERFEL, HEMILREL A, AAMNMIERE E-RFC depleted #la A iz &
FeHEEL A, ARMBEOBE L) ZElaB oA E L L, $F12 E-RFC depleted Al a1
FOUTHETS >4, BRI, 20D L GEEL .
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TABLE 3 SRBC HEMOLYTIC ZONE FORMATION AND MIGRATION DISTANCE
BY PBMC ADHERENT TO PLASTIC PETRI DISHES

#3

T3 A F oy 7B b ) M43 PBMC B 12 & 5 SRBC 7 I 43 T i K UF 38 A2 B e

Rate of Monocytes

PBMC Population Mean + SD %

Incubation Time
(days)

Hemolytic Zone Mean # SD mm
Migration Distance Mean + SD mm

Adherent PBMC

(by dish) 84.6 £ 8.0

10

0

ND
0.95 + 051
492+045
3.56 £ 0.68
532:051

PBMC adherent to FCS-treated plastic petri dishes were stripped by 0.2% EDTA solution and were

allowed to migrate.
migration.

The rate of monocytes was determined by nonspecific esterase stain before
Nonsensitized SRBC-suspended agarose plates were used and the width of SRBC

Hemolytic zones and migration distance by adherent PBMC were measured after 5 to 10 days of
incubation at 37°C in a humidified 5% COy incubator.

FCSUB 75 AF o 73~ F YIIZ{F4F L 7 PBMC #0.2% EDTA#E 2 AV TIEAL, A4 L.
WEMOBRERERRMNIAT S —CRATIZEIENEBL 2. THE-27 L — FIFFEE
SRBC # st~ mEFMHHL, 37CMIES % COsz‘IPu%%T' 5 HMA 5101 MK # 01+ PBMCH#

2k 5 SRBCAMm#GH R UM EHMELMEL Z.

Effects of Trypan Blue on SRBC Hemolytic
Zone Formation and Migration Distance by
PBMC Populations. Agarose plates containing
trypan blue at several concentrations were
prepared and its effects on hemolytic zone
formation and migration distance were studied.
The width of hemolytic zones and migration
distance were measured after five days of
incubation (Table 4). The SRBC hemolytic zone
formation was completely inhibited by trypan
blue at concentration above 2.5 X 1075 M in all
PBMC populations. Furthermore, the migration
of PBMC populations was not inhibited by
trypan blue at these concentrations but was
enhanced by concentrations below 1 X 10% M
and the migration distance was increased.
However, the migration distance was decreased
at concentrations above 2 X 107% M.

Microscopic Findings of Migrated PBMC Popula-
tions. The migrated PBMC populations were
stained with M-G after five days of incubation
(Figure 4). Most of the migrated cells, when
E-RFC enriched cells with phagocytic cells were
allowed to migrate, were lymphocytes but a few
lymphoblastoid transformed cells were seen
(Figure 4A). Some monocytes having elongated
and eccentrically placed nuclei and phagocytized
small and pyknotic cells were also seen. On the

12
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k)7 7Ok —ix PBMC B 0 b A fiE & 0 & 7,
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TABLE 4 EFFECTS OF TRYPAN BLUE ON SRBC HEMOLYTIC ZONE FORMATION
AND MIGRATION DISTANCE BY PBMC POPULATIONS

#4 FMYsSTTL—0 PBMCH 2L 5 SRBCIEMEBEM & U EHMIIEZ 2B
Hemolytic Zone Mean + SD mm
Migration Dist: +
PBMC Population igration Distance Mean + SD mm
Concentration of Trypan Blue (M) of Agarose Plates
0 1.3x 10°% 2.5 %105 S5x 108 1.%:1.0% 2 X 10t

0.93 0.87 0 0
Nonseparated PBMC 152 197 195 317
E-RFC enriched cells with 0 0 0
Phagocytic cells 1.23 1.38 0.83
E-RFC depleted cells with 1.50 0 0
phagocytic cells 4.50 5.00 2.30
Nonadherent PBMC 0 0
(by column) 1.10 1.40 0.95
Adherent PBMC 1.05 0 0
(by column) 4.65 5.90 4.15

Several PBMC populations were allowed to migrate, and the effects of trypan blue on SRBC hemolytic zone
formation and migration distance were investigated. Nonsensitized SRBC-suspended agarose plates containing
trypan blue at several concentrations were used. The width of hemolytic zones and migration distance by each
mononuclear cell population were measured after five days of incubation at 37°C in a humidified 5% C02

incubator.

fi# 0 PBMC B % 3 4 & &,

P8y 70— SRBCIEMBE N R B EEBICE L 2BEEW L., THEI-2

FL— FEHiADOBREIZAESEIIC Y Sy T —FRAL, JEB{ESRBC #igds vz b &AWV, 3TTHE
5% CO,1ERET 5 HME®BE O Z hThoigdlaifii L2 EMEER R USRI E L

other hand, there were many macrophages besides
lymphocytes and monocytes which had large
basophilic cytoplasm and round or elliptical
eccentrically placed nuclei when E-RFC depleted
cells with phagocytic cells were allowed to
migrate (Figure 4B). The nuclear chromatin of
these macrophages was fine and nucleoli could be
seen. No monocytes and macrophages could be
seen and almost all migrated cells were
lymphocytes when E-RFC enriched or depleted
cells without phagocytic cells were allowed to
migrate, and pyknotic cells and cell debris were
increased (Figure 4C, D).

Double staining of nonspecific esterase and
chloroacetate esterase, and acid phosphatase
staining were performed on E-RFC enriched and
depleted cells with phagocytic cells after five
days of incubation (Figure 5). Some monocytes
with eccentrically located nuclei and phagocytized
pyknotic cells appeared when E-RFC enriched
cells with phagocytic cells were allowed to
migrate and these cells showed high nonspecific
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Figure 4. Microscopic findings of migrated PBMC populations

Nonsensitized SRBC-suspended agarose plates were used, and migrated cells were fixed with
buffered formalin acetone after five days of incubation. M-G stain. X200. A:E-RFC enriched

cells with phagocytic cells.

The migrated cells are mostly lymphocytes with a few blastoid

transformed cells. Some monocytes which have elongated and eccentrically placed nuclei with
phagoeytized pyknotic cells considered to be degenerated lymphocytes can also be seen.
B: E-RFCdepleted cells with phagocytic cells. There are many macrophages besides lymphocytes
and monocytes, which have wide and basophilic cytoplasm with round or elliptical eccentrically

placed nuclei.
nucleoli.

The unclear chromatin of these macrophages are comparatively fine and have
C: E-RFC enriched cells without phagocytic cells.

Almost all migrated cells are

Iymphocytes and no monocytes or macrophages can be seen. There are many pyknotic cells
considered to be degenerated lymphocytes. D:E-RFC depleted cells without phagocytic cells.
Almost all migrated cells are lvmphocytes and no monocytes or macrophages can be observed.
There are a large number of pyknotic cells and cell debris.
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Figure 5. Microscopic findings of migrated PBMC population

Nonsensitized SRBC-suspended agarose plates were used, and migrated cells were fixed with
buffered formalin acetone after five days of incubation. Double stains with nonspecific esterase
and chloroacetate esterase (A, B) and acid phosphatase stain (C, D). Xx200. A:E-RFC enriched
cells with phagocytic cells. There are some monocytes which show high nonspecific esterase
activity mixed with many Iymphocytes. B E-RFC depleted cells with phagocytic cells.
Macrophages also show high nonspecific esterase -activity, indicating that macrophages are
derived from monocytes. There are a few granulocytes having a high chloroacetate esterase
activity. C: E-RFC enriched cells with phagocytic cells. Monocytes show high acid phosphatase
activity. D:E-RFC depleted cells with phagocytic cells. The acid phosphatase activity of
macrophages is higher than that of monocyres and its activity is also demonstrated outside the

cells.

5 i L A2 PBMC B OO SAPELAT R

JEREfE SRBC M7 O — A7 L— F&MMAL, SHMSERICHEMEE: St Ls) 7T
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Figure 6. Microscopic findings of migrated adherent PBMC (by dish).

Nonsensitized SRBC-suspended agarose plates were used, and migrated cells were fixed with
buffered formalin acetone after 5 to 10 days of incubation. M-G stain. X200. A:Adherent

PBMC after five days of incubation. Almost all migrated cells have wide cytoplasm and
irregular-shaped nuclei, and are similar to peripheral blood monocytes. B: Adherent PBMC
after 10 days of incubation. These cells are larger than cells in A, having wide cytoplasm and
round or elliptical nuclei showing a tailed appearance with irregular orientation and were
thought to have changed to macrophages. One multinucleated giant cell can be seen.

6 L 7ot b LA PBMC 8% 0 BRIUEEFT A

JEREfE SRBCIZ 7 HAU—A 7L — F &AL, SHEAS 100 ME#EHIELMpz @R ALY ¥
T rYTEELS, M-G#tE. X200, A: 5 HEBE#EE, W& L7 PBMC i, HEdian
BEAXIBIEAELS FRBOFL T L RAMEREME TS 5. B: 100 MIFER, FELL
F#HPBMCE. chooMlnitAodiazn ke 42MMaTcasn, REGEL, ABEXEIHAED
BAfL, FHESEAE X RLARBRSEZELTVS. 20k 4t~ rs07 - VICELLEZLD
EBbhA, EHEMBYIABREENS.

WS, (M5A). £/, M4BDOBWEL 72
fAMiadE g & E-RFC depleted Ml lufEIZ A 541 5
207 r—YVEREL &I RN AT 7 LG
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CHhoDBBREU~ 707 7 - V0BT + 27
F—Y¥iEHERbTE L, Fiivru7 - Yotk
BRFELLEW(HSC D). BE7+AT775—F
W, chsoMgosElici i Roh, v -4
EEFzhooffarsaibshicleznibnt
Bbha.

esterase activity (Figure 5A).  Macrophages
observed in migrated E-RFC depleted cells with
phagocytic cells of Figure 4B also showed high
nonspecific esterase activity, indicating that these
cells were of monocytic origin (Figure 5B). The
acid phosphatase activity of these migrated
monocytes and macrophages was very high, the
activity of macrophages being extremely high
(Figure 5C, D). Since the acid phosphatase
activity was also found outside the cells, lyso-
somal enzymes may have been released from
these cells.

Adherent PBMC (by dish) were stained with

M-G after 5 to 10 days of incubation (Figure 6). ~ by Q44 3% PBMC 20 5 0 & U10H M #H M-G

Adherent PBMC (by dish) incubated for five days
were small, had irregular shaped nuclei, and were
similar to peripheral blood monocytes (Figure
6A). In contrast, adherent PBMC (by dish)
incubated for 10 days were larger, had a tailed
appearance with random orientation, and were
thought to have changed to macrophages
(Figure 6B).
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DISCUSSION

Radioisotope release assay is the most frequently
used method to determine cytotoxicity of
PBMC.1%7!? Several other methods are used such
as determination of target cell viability after
assay by eosin Y and trypan blue,w'22 measure-
ment of target cell proliferation after assay by
counting,?® and staining.**?® However, almost
all these assays are conducted in liquid culture
medium with effector cells and target cells in
direct contact with each other. Therefore,
cytotoxicity test of culture supernatant of these
assays must be repeated to determine whether
the soluble cytotoxic factor participates in the
destruction of target cells.

We have studied human PBMC migration by an
agarose plate method, and this technique was
applied to cytotoxicity test. In this assay,
human PBMC as effector cells migrate only
beneath the agarose layer and have minimal cell
contact with the SRBC targets suspended in the
agarose layer. Therefore, SRBC are not
hemolyzed unless a soluble cytotoxic factor is
released from effector cells and thus this method
is suitable to determine whether a soluble
cytotoxic factor is released from effector cells
by contact with some parts of the target cells.
Moreover, as SRBC are used as target cells, we
can measure without using radioisotopes the
cytotoxicity of effector cells as the width of
hemolytic zones around the wells of agarose
plates. Since human PBMC as effector cells
migrate on the surface of plastic petri dishes, the
morphology and enzyme activity of effector cells
after assay can be adequately examined by
staining.

This assay was used to determine whether the
destruction of target cells in ADCC was mediated
by a soluble cytotoxic factor. Since ADCC is
mediated not only by IgG fraction but also by
IgM fraction of antitarget cell antibody,?® IgG
and IgM fractions of anti-SRBC antibody-
sensitized SRBC were suspended in agarose plates.
Nonsensitized SRBC-suspended agarose plates
were also used as control. As no SRBC
hemolysis could be observed after 3 to 16 hours
of incubation which is the suitable response time
of ADCC,>?® the participation of a soluble
cytotoxic factor in target cell destruction in
ADCC could not be suspected. However, SRBC
close to the wells of agarose plates in which
PBMC populations were placed began to be
hemolyzed after 24 to 48 hours of incubation,
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and formation of clear and concentric hemolytic
zones could be grossly observed. This
phenomenon was observed also in agarose plates
with suspended nonsensitized SRBC as control.
These results demonstrate that the hemolysis of
SRBC occurred by the action of a soluble
cytotoxic factor released from PBMC directly
against SRBC, and not indirectly through anti-
SRBC antibody.

PBMC populations without phagocytic cells were
used as effector cells to determine the origin of
effector cells which release a soluble factor
having cytotoxic activity against SRBC. Though
hemolytic zones were formed by E-RFC enriched
cells with phagocytic cells (monocytes 7.8%), no
hemolytic zones were formed by E-RFC enriched

cells without phagoceytic cells (monocytes 1.2%).

In the same manner, large hemolytic zones were
formed by E-RFC depleted cells with phagocytic
cells (monocytes 32.1%), but hardly any
hemolytic zones were formed by E-RFC depleted
cells without phagocytic cells (monocytes 3.8%).
In the experiment using PBMC populations
separated by nylon wool column, no hemolytic
zones were formed by nonadherent PBMC (by
column, monocytes 1.3%), but evident hemolytic
zones were formed by adherent PBMC (by
column, monocytes 18.5%).  These results
indicate that the effector cells which release a
soluble cytotoxic factor against SRBC are
phagocytic and adherent PBMC and are
monocytes. However, there is a possibility that
true effector cells are PBMC other than
monocytes with monocytes serving merely as
helpers. Then, we harvested PBMC adherent to
FCS8-treated plastic petri dishes by stripping with
0.2% EDTA and these adherent PBMC (by dish)
were used as effector cells. They were composed
of monocytes 84.6%, lymphocytes 6.1%, and
granulocytes 9.3%, showing a fairly high
percentage of monocytes. The migration activity
of these adherent PBMC was exiremely good
with their migration distance being the longest
among several PBMC populations. However, no
SRBC hemolysis was observed after five days of
incubation when these adherent PBMC were
allowed to migrate, and large and clear hemolytic
zones were formed following 2 to 5 additional
days of incubation. The formation of hemolytic
zones by adherent PBMC composed of a fairly
high percentage of monocytes supports the view
that true effector cells are monocytes. We have
confirmed that guinea pig peritoneal macrophages
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also release a soluble cytotoxic factor to hemolyze
SRBC.

There are many reports on the cytotoxicity
of monocytes and macrophages, but most of
these use animal peritoneal macrophages as
effector cells with only a few ,using human
peripheral blood monocytes as effector cells.
Moreover, in most of these studies cytotoxicity
tests have been performed after stimulation
or activation of monocytes and macrophages
with lipopolysaccharide (LPS$),'*!%?7 BCG,*™*8
Corynebacterium liguefaciens,® interferon,?3°
and macrophage activating factor (MAF) contain-
ing lymphokine,’®! and the cytotoxic activity
of these cells before activation is reported to be
very weak or negative, These stimulants were
not added in our assay, but human peripheral
blood monocytes released a soluble cytotoxic
factor to hemolyze SRBC spontaneously.

There are reports that cytotoxic activity of
monocytes and macrophages have been observed
without adding any stimulants. Human PBMC
become spontaneously cytotoxic against a broad
range of erythrocytes after 6 to 7 days of culture
and effector cells are adherent and have
phagocytic activity, suggesting that they are
monocytes.'*  Peritoneal macrophages of mice
and rats also become cytotoxic against tumor
cells without stimulation after 48 hours of
incubation®® or after a latent period of 12 to 20
hours.3® It thus appears that a latent period is
needed for monocytes and macrophages to
adequately exhibit cytotoxic activity without
stimulants. In our experiment it took 24 to 48
hours of incubation to form hemolytic zones
when PBMC populations containing many
lymphocytes and some monocytes were allowed
to migrate and more than five days of incubation
when adherent PBMC (by dish)} containing few
lymphocytes and many monocytes were allowed
to migrate. The reason why SRBC were
hemolyzed after a shorter latent period when
PBMC containing many lymphocytes were
allowed to migrate may be that monocytes were
probably stimulated or activated by MAF
released from lymphocytes. However, MAF is
hardly released when adherent PBMC (by dish)
containing few lymphocytes are allowed to
migrate and this may result in taking a long time
to hemolyze SRBC. It has been shown recently
that serum® and reagents®® are contaminated
by LPS. Since we used HS to prepare agarose
culture plates, contamination of LPS can be
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expected. This contaminated LPS and mechanical
stimulation permitting migration on the surface
of plastic petri dishes may play an important
role in the stimulation or .activation of
monocytes, and consequently in release of a
cytotoxic factor from monocytes.

A preat deal of discussion has been made on the
question of whether the soluble cytotoxic factor
participates in target cell destruction by
monocytes or macrophages. In the experiment
using mice peritoneal macrophages as effector
cells and mice red blood cells as target cells,
loss of cytotoxic activity by separating effector
cells and target cells with a millipore filter or
dialysis membrane .was reported.!™!® Lack of
cylotoxic activities in culture supernatants of
activated mouse peritoneal macrophages'®?*® and
human peripheral blood monocytes®® has also
been reported, and it has been accepted that a
soluble cytotoxic factor does not participate in
target cell destruction by monocytes and
macrophages.aﬁ However, contrary to the
foregoing, there are some studies which report
of release of a soluble cytotoxic factor from
monocytes or macrophages consistent with our
results. Release of a soluble cytotoxic factor
against mice red blood cells was observed
in an experiment using syngenic peritoneal
macrophages as effector cells,”® Such a soluble
cytotoxic factor has also been demonstrated in
experiments using peritoneal macrophage of
guinea pigs®®* and rats.!™*  Furthermore,
cytotoxic activity in culture supernatant of
established macrophage cell lines has also been
reported.1® There is hardly any report on the
release of a soluble cytotoxic factor from human
peripheral blood monocytes.

We studied the possibility that the soluble
cylotoxic factor released from human peripheral
blood monocytes might be a lysosomal enzyme.
As trypan blue is well known to inhibit the
activity of lysosomal enzymes,?’ loss of cytotoxic
activity of rat peritoneal macrophages collected
after intraperitoneal injection of trypan blue in
rats? and decrease of cytotoxic activity of
activated mice peritoneal macrophages by treat-
ment with 4.2 X 10°* M trypan blue?* have been
demonstrated. The mechanism of target cell
destruction by guinea pig peritoneal macrophages
has been studied electromicroscapically, showing
that macrophages exhibit cytotoxic activity by
contacting with target cells and translocating
lysosomal organelles into the cytoplasm of target
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cells,?® Trypan blue readily enters the
macrophage vacuolar system by pinocytosis,
mixes with the content of the secondary
lysosomes and inhibits the activity of lysosomal
enzymes, which ultimately inhibits macrophage-
medicated cytotoxicity.>%3® We prepared
agarose plates containing trypan blue at several
concentrations and investigated its effect on
hemolytic zone formation. SRBC hemolytic
zone formation was completely inhibited by
trypan blue at concentrations exceeding 2.5 X
107% M, but the migration of PBMC populations
was not inhibited by trypan blue at these
concentrations, and surprisingly it was enhanced
and the migration distance was extended. These
results may suggest that the soluble cytotoxic
factor spontaneously released from monocytes
to hemolyze SRBC is a lysosomal enzyme.

High acid phosphatase activity, a marker enzyme
of lysosomal enzymes in activated macrophages,
has been demonstrated in mice?” and rats.?
Increase of neutral protease secretion in
activated macrophages has also been disclosed.®®
In our experiment, we found many monocytes
and macrophages which showed high acid
phosphatase activity in 5-day incubated E-RFC
enriched and depleted cells, and acid phosphatase
activity was also found outside the cells.
Hemolytic zones were more prominent in E-RFC
depleted cells than in E-RFC enriched cells, and
likewise, cells having a high acid phosphatase
activity were also abundant in E-RFC depleted
cells. These cells were not found when PBMC
without phagocytic cells were allowed to migrate
and also hemolytic zones around the wells of
agarose plates were not formed. Coincidence of
the appearance of cells showing high acid
phosphatase activity with the formation of
hemolytic zones also suggests that the soluble
cytotoxic factor is a lysosomal enzyme.

One of the reasons why such a cytotoxic factor
was difficult to identify is inactivation of the
cytotoxic factor by adding serum such as
FCS.'*!! There are some reports which suggest
that neutral proteases released from mouse
peritoneal macrophages are the cytotoxic factor,
but this factor is also readily inactivated by
supplemented FCS and cannot be detected at a
common FCS concentration in culture fluid.*®*!
Though the culture plates were supplemented
with 20% HS of relatively high concentration, the
soluble cytotoxic factor was detectable. This
might be due to the peculiarity of our assay
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method in which the soluble cytotoxic factor
released from monocytes is continuously consum-
ed by SRBC targets suspended in agarose plate,
and consequently the total volume of this factor
measured is quite large. Another reason is that,
because the culture condition of our assay was
good, we could preserve monocytes as effector
cells in good viability for more than 10 days and
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long assay time could be employed. Hihhd.
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