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Abstract

AIM Several triggering receptors have been
described to be involved in natural killer (NK) cell-
mediated target cytotoxicity. In these studies, NK
cells derive d from blood or spleen were used. Pit
cells are liver-specific NK cells that possess a higher
level of natural cytotoxicity and a different
morphology when com pared to blood NK cells. The
aim of this study was to characterize the role of t he
NK-triggering moleculesNKR-P1A, ANK61 antigen,and
CD45 in pit cell-media ted killing of target cells.
METHODS 5!'Cr-release and DNA fragmentation
were used to quanti fy target cell lysis and
apoptosis, respectively.

RESULTS Flow cytometric analysis showed that
pit cells expressed CD45, NK R-P1A, and ANK61
antigen. Treatment of pit cells with monoclonal
antibody (mAb) to CD45 (ANK74) not only
inhibited CC531s or YAC-1 target lysis but also
apopto sis induced by pit cells. The mAbs to NKR-
P1A (3.2.3) and ANK61 antigen (ANK61) had no
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effect on pit cell-mediated CC531s or YAC-1 target
cytolysis or apoptosis, while they did increase the
Fcy receptor positive (Fcy R*) P815 cytolysis and
apoptosis. This enhanced cytotoxicity could be
inhibited by 3,4-dichloroi socoumarin, an inhibitor
of granzymes.

CONCLUSION These results indicate that CD45
participates in pit cell-med iated CC531s and YAC-
1 target cytolysis and apoptosis. NKR-P1A and
ANK®61 antig en on pit cells function as activation
structures against FcyR* P 815 cells, which was
mediated by the perforin/granzyme pathway.

INTRODUCTION

Naturd killer (NK) cellscan kill certain tumor cellsor
virus-infected cellswithout prior sensitization and thus
play an important role in host anti-tumor defenseg™.
Cytotoxicactivity of NK cdlsisachieved by two distinct
mechanisms, i.e. necrosis(cytolysis) and apoptosis, and
isbelieved to beregulated by triggering and inhibiting
receptors on NK cells*®. Several candidate receptors
involvedintriggeringacytotoxicreaction, suchasNKR-
P1A (CD161A) and an NK-activation structure
recognized by monoclonal antibody (mAb) ANK61
(ANK®61 antigen), have been described onrat NK cells

[24.5]

NKR-P1A is alectin-like surface molecule
expressed on all rat NK cellg*l. Theligandsfor NKR-
P1A are oligosaccharides. Interactions of these oligo
saccharidesontarget cellswith NKR-P1A on NK cdlls
are crucial for target cell recognition and for NK
cytotoxicity!®. Monoclonal antibody to NKR -P1A (3.
2.3) has be en shown to stimulate NK cell
phosphoinositide turnover, calcium mobilization,
degranulation and NK cytotoxicity against certain Fcy
receptor posit ive (FcyR*) tumor target cells* ™. These
findings demonstrate that NKR-P1A is an activating
molecule on rat NK cellsthat recognizestarget cells
and inducescytotoxicity.

Recently, arat NK-activation structure (ANK61
antigen) recogni zed by mAb ANK 61 hasbeen described
51, Cross-linking of the ANK 61 antigen and FcyR* tumor
targetswith mAb ANK61 resulted in enhanced killing
of thetargets by NK cells®.

CD45, which is expressed by most leukocytes,
including NK cells, hasbeen shownto beinvolvedin NK
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cell-mediated target cell cytotoxicity®?. It isreported
that mADbs against CD45 inhibit NK cellmediated
target cell killin g®®% and CD45-negative NK cellsfail
to lyse tumor targetd??. The cytoplasmic domain of
CD45 has tyrosine phosphatase activity, which is
believed to play animportant rolein the regulation of
NK activity®

Pit cellsareliver-specific NK cells*3. Compared
toblood NK cells, rat pit cells possess ahigher level
of cytolytic activity against avariety of tumor target
cells, including NK resistant P815 cells, which is
comparabl e to the cytotoxicity level of lymphokine-
activated killer (LAK) cells*¥. These dataindicate
that pit cellshave different characteristicsfrom blood
NK cells. Although much is known about the NK
receptors that participate in NK cell activation and
target cell killing, the surfacereceptorsinvolvedin pit
cell-mediated target cell killing have not yet been
clarified. Moreover, involvement o f the above
mentioned antigensin NK cell-mediated target cell
apoptosis has re mained elusive, since *'Cr-release
assay employed in the previous stu dies*>? indicates
only cytolysis, rather than apoptosis. In the pre sent
work, we used mAbs against CD45, NKR-P1A, and
ANK®61 antigen to evaluate their roles in pit cell-
mediated target cell lysisand apoptosis.

MATERIALS AND METHODS

Isolation and purification of pit cells

Male Wistar rats (Proefdierencentrum, Leuven,
Belgium) weighing (250-280) g were used at an age
between 8 to 12 wk. Hepatic NK cells (pit cells) were
iso lated according to protocols described beforel,
The purity of therec overed pit cellswas at |east 90%,
asevaluated by morphology on May-Giemsa-st ained
cytospin preparationsand by flow cytometric analysis
using mAb 3.2.3. The viability of the recovered cells
was more than 95%, as determined by Trypan blue
exclusion. The procedures used in this study were
approved by the local ethical committee (license No
LA1230212).

Tumor cell line

CC531s, adimethylhydrazine-induced colon carcinoma
of Wag/Rij (inbred strain o f Wistar) rats®®, P815, a
murine mastocytoma, and YAC-1, amouse T cell
lymphoma, were maintained in culture medium RPMI -
1640 (Gibco, Life Technolog ies, Gent, Belgium),
supplemented with 10% feta calf serum (Eurobiochem,
Bierges, Belgium), benzylpenicillin (100 kU/L),
streptomycin (100 mg/L) , and glutamine (0.2 mmol/L)
(Gibco, Life Technologies, Gent, Belgium).

Reagents and antibodies

The following mouse anti-rat mAbswere used: 3.2.3
(anti-NKR-P1A, 1gGy or 1gG,) ANK 74 (anti-CD45,
19G1)!¥,and ANK61 (anti- r at NK activation structure,
1gG,)™ were devel oped in Department of Surgery and
Pathology, Leiden University Medical Center, the

Netherlands. 3,4-d ichloroisocoumarin (DCI), a
granzyme inhibitor*®'was purchased from Sigma
(Bornem, Belgium).

Flow cytometry

The expression of surface antigens on the cells was
measured by one or two-colo r flow cytometric analyses
as described previously™. Briefly, aquant ity of 0.5 x
10° cells per samplewasincubated (30 min, 4°C) with
theprimary antibodies, 3.2.3, ANK 74,and ANK61. Cells
werethen washed thricew i th cold phosphate-buffered
saline (PBS) contai ning 1% bovine serum abumin and
0.02% sodium azide. Subsequently, cellswereincubated
withfluorescein-conjugated anti-mousel gG; and biotin-
conjugated anti-mouse |gG,, (Gilbertsville, PA). After
incubation and washing, cells were incubated with
dreptavidin-phycoerythrin(Gilbertsville, PA). Then, cdlls
were washed and fixed with 2% p araformaldehydein
PBS and analyzed (FACstar, Becton Dickinson,
Mountain View, CA). Isotype-matched irrelevant
antibodies were used asacontrol.

*ICr-release assay

Cytolysis was measured after 4 h incubation of P815
and YAC-1cdls,and 18 hfor CC531scells. *'Cr-release
assay was performed using round -bottomed 96-well
microplates as described previously!*®. Briefly, 1 x 10°
target cells/0.5 mL were labeled with 9.25 MBg Na
*1CrO, (A mersham Belgium, Gent, Belgium) for 80min
a 37°C . Beforethecoincubation, freshly isolated pit cdlls
were preincubated with either saturating amountsof the
mADbs (final concentration for eachmAbwas10mg/L),
3.2.3, ANK61, ANK74, orirrdlevant mouse 1 gG; for 15
minutes at room temperature. The mAbs were a so
present during the assay and the treatments with these
mAbsdid not affect theviability of thecells. Thetarget
cellswere seeded at a concentration of 1 x 10*cells/
well. Suspensions of effector cellswere then added to
the wells at effector to target (E:T) ratiosof 10:1ina
find volumeof 200 uL . All assay sweredoneintriplicate.
For the experiments using DCI, pit cellswere preincu
bated with 50 umol/L DCI for 30 min at 37°C. After
washing twicewith medium, the cellswere coincubated
with the target cells as mentioned above. After a
coincubationat 37°C for 4 or 18 h, 100 uL of supernatant
per well wasaspi rated and counted in agamma counter
to determine experimental release. Results were
expressed as percentage of specific lysisaccording to
theformula

% specific cytolysis =
Experimental release-Spontaneous release
x 100%

Maximal re |ease-Spontaneous rel ease

Experimental rel ease represents cpm (counts per
minute) release from target cells in the presence of
effector cal andmAbs. Spontanecusre easewasobtained
fromwelscontaininglabd edtarget cellsand mediumonly.
Maximal releaseof >'Cr-labdedtarget cdlswas determined
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after adding 20 L 10% sodium dodecy! sulfate (SDS)
detergent to thelabeled target cells.

Quantitative DNA fragmentation assay

DNA fragmentation inthetarget cellswas determined
asdescribed previously . Briefly, to label the DNA
of the target cells, 5 x 10° cellsin 250 pL medium
were incubated with 0.37 MBq [methyl-*H] thymidi
ne ([*H]-TdR) (Amersham, Buckinghamshire, U.K)
for 3 h at 37°C. Bef ore the coincubation, freshly
isolated pit cells were preincubated with the mAbs
as mentioned above. The pit cells (10° cellsin 100
uL) and the target cells (10% cellsin 100 puL) (E:T =
10:1) were placed in trip licate in 1.5 mL
microcentrifuge tubes. The total volume per
microcentrifuge tub e was 200 pL. For the
experiments using DCI, pit cellswere preincu bated
with 50 umol/L DCI for 30minat 37°C . After washing
twice with medium, the cells were coincubated with
the target cells as mentioned above. After 3 h
coincubation at 37°C and centrifugation at 300 x g for
10 min, the incubation medium was removed from
thetubes. Sub sequently, the pelleted cellswerelysed
with 0.5mL of coldlysisbuffer (4°C) (5mmol/L Tris,
2 mmol/L EDTA, 1% Triton X-100, pH 7.4) for 30
min at 4°C. Then, the lysates were ultracentrifuged
(10,000 x gfor 15minat 4°C) to se parate fragmented
DNA from intact DNA. Radioactivity (cpm) in the
incubation medium, inth e 10,000 x g supernatant and
inthe 10,000 x g pellet was determined in abeta count
er (Beckman, Fullerton, CA, USA). The percentage
fragmented DNA was calculated u sing thefollowing
formula

Cpmhap'cpmfr,spom

% specific DNA fragmentation = x 100%

Cpmtotal'cpmfr,spom

inwhich: cpmy, =theradioactivity intheincubation
medium plus the cpom i n the 10,000 x g supernatant;
CPpMia = CPMy+radioac tivity inthe 10,000 x g pellet;
exp = experimenta (CC531scdlswith pit cdls); spont =

spont aneous (CC531scellsand medium only).

Hoechst 33342 (HO 342)/propidium lodide (PI)
staining

The method of HO 342 and PI staining has been
described previously™?. In short, target cells, at a
concentration of 1 x 10° cellsper well ina96m ultiwell
plate, were coincubated with pit cells (E: T = 10:1).
After 3 h coinc ubation, the cells were stained with
HO 342, which stains DNA blue, and PI, which only
penetrates necrotic cells through the damaged cell
membrane and stains DN A red. Cells were viewed
under a Leica DM IRB/E inverted fluorescence
microscope (Leica, Heidelberg, Germany) with
ultraviol et excitation at 340 to 380 nm. The apoptotic
target cells were determined by their characteristic
apoptotic morphol ogical changes of the nucleus, i.e.
condensation of chromatin and nuclear fragmentation.
Target cells alone acted as spontaneous apoptosis
control.

Statistical analysis

Resultswere given asthe mean with the corresponding
standard deviation. Statistical analysiswas performed
by Students't test or one-way ANOVA with post-hoc
multi plecomparison andysismadeby Duncantest, using
SPSSdatigtica package (SPSSInc., Chicago, IL, USA).
Statistical significance between two groups was
considered at thelevel of P <0.05.

RESULTS

Expression of surface antigens on pit cells

Flow cytometric analysis was used to determine
the expression of surface antigens on pit cellsand
target cells. Intwo-color flow cytometric analysis,
mADb 3.2 .3 was used to stain pit cells’?9. Pit cells
were shown to express CD45 , which was
recognized by mAb ANK74, and an NK activation
structure, which was recognized by mAb ANK 61
(Figure 1). CC531s, P815, and YAC-1 cellsdid not
expressthese NK -associated antigens (datanot shown).
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Figure 1 Expression of CD45 and ANKG61 antigen on hepatic NK cells (pit cells). T he cells were washed out of the liver by sinusoidal lavage.
After Ficoll-Paque gradient centrifugation and nylon-wool adherence to remove erythrocytes, granul ocytes, monocytes and B lymphocytes,
the cells were stained with anti-NKR-P1A mAb (3.2.3) (phycoerythrin) and anti-ANK61 antigen (ANKG61), anti-CD45 mAb (ANK 74)
(fluorescein) and analyzed by two-color flow cytometry. CD45 and ANKG61 anti gen were expressed on the x-axis (fluorescein), NKR-P1A on

the y-axis (phycoe rythrin).
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Effect of CD45, NKR-P1A, and ANK61 antigen on
pit cell-mediated target cell lysis

Toinvestigate the function of these surface antigens
in pit cell-mediated cyto lysis of targets, the mAbs
against these antigens were used in *'Cr-r elease
assays. In the presence of anti-CD45 mAb ANK74,
thelysisof CC531sand YAC-1 cellsby pit cellswas
significantly inhibited (P < 0.01, P < 0.05) ( Figure
2A, 2B). The presence of mAbs 3.2.3 and ANK61
had no effect on pit cell- mediated lysis against-
CCb531sand YAC-1 targets (Figure 2A, 2B). These
data in dicate that CD45 is involved in pit
cellmediated cytolysis against CC531sand YAC-1

targets.
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Figure 2 Effect of the mADbs on pit cell-mediated CC531s (A),
YAC-1 (B) and P81 5 (C) target cell cytolysis.*'Cr-labeled target
cells were incubated atan E:T ratio of 10:1 with freshly isolated pit
cells in the absence or prese nce of the mAbs. (A), Cytolysis of
CC531s cells was measured in an 18h *'Cr-release assay. (B),
Cytolysis of YAC-1 cells was measured in a 4-h >'Cr-release assay.
(C), Cytolysis of P815 cells was measured in a 4-h >Cr-release
assay. Values are mean + SD from four differen t experiments. P <
0.05, °P < 0.01 vs the control .

It isreported that mAbs 3.2.3 or ANK61 can
induce cytolysisin Fcy R* target cells by NK cells by
redirected antibody- dependent cellular cytotoxicity
(rADCC) . Inorder toinvestigatewhether thesemAbs
play asmilar roleinpit cdlls, cytolyticactivity of pit cells
was measured by a4-h>! Cr-rel ease assay using the Fc
yR* P815 cell line?¥, amurine mast ocytoma, astarget
cdls. AsshowninFigure2C, themAbs3.2.3and ANK 61
signif icantly increased the cytolysisof P815 cellsby pit
cells (P < 0.01). Ant i-CD45 mAb ANK74 did not
significantly increasethe cytolysis(Figure 2C).

Effect of CD45, NKR-P1A, and ANK61 antigen on
pit cell-mediated target apoptosis

When CC5315%, P815 (Vermijlen D, unpublished data)
or YAC-1 targets (Figure 3) were coincubated with pit
cells, thesetarget cells showed typical mo rphological
characteristics of apoptosislike nuclear fragmentation.
To addressthe effect of the surface antigensin pit cell-
mediated apoptosi sof thesetargets, aquantitative DNA
fragmentation assay was used. The results showed that
the anti-CD45 mAb ANK 74 significantly inhibited pit
cell-mediated DNA fragmentat ion of CC531sand YAC-
1cels(P<0.05 P<0.01) (Figure4A, 4B). The pre
sence of mMAbs 3.2.3, ANK61 had no effect on DNA
fragmentation of CC531sand YAC -1 cellsby pit cells
(Figure4A, 4B), but increased the DNA fragmentation
of P 815 cellsinduced by pit cells (P < 0.01) (Figure
4C). Theanti-CD45 mAb ANK7 4 did not significantly
affect the DNA fragmentation of P815 cellsby pit cells
(Figure4C).

Inhibition of anti-NKR-P1A and ANK61 antigen
mAb-enhanced P815 cell cytotoxicity by DCI
To addresswhether mAbs 3.2.3 and ANK 61 enhanced
FcyR*P815 cell k illing by pit cells via the perforin/
granzyme pathway, we used DCI, an inhibitor of
granzymes in intact cells, to investigate the role of
granzymes in the process. When pit cells were
preincubated with 50 pmol/L DCI, the mAb-enhanced
P81 5 cytolys's and apoptosishy pit cellswerecompletely
inhibited (P < 0.05, P<0.01) ( Figure 5A, 5B). These
results suggest that mAbs 3.2.3 or ANK61 induce
cytotoxicity in FcyR* P815 cells by pit cells viathe
perforin/granzyme pat hway.

DISCUSSION

Pit cellsareliver-specific NK cellsand, together with
Kupffer cells, constit ute the natural cellular defense
against invading cancer cellsintheliver*2, |t hasbeen
shownthat pit cellsarefour to eight timesmore cytotoxi
cagainst YAC-1and CC531scellsthan blood NK cells
and areabletokill NK-r esistant, LAK-sensitive P815
cells*¥. However, the surface receptorsinvolved in pit
cell-mediated cytotoxicity against tumor targets have
remained dusive. Present datashow that themAbsagaingt
the NK-triggering molecules NK R-P1A and ANK61
antigenincreasednot only cytolysishut dsogpoptosisof FeyR*
P815 cells, but had no effect on FcyR YAC-1 and
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Figure3 Fluorescenceand light micrographsof YAC-
1 cellscoincubated with pit cellsat an E:T ratio of 10:1
for 3 h. (A) Fluorescence micrograph showing the
apoptotic YAC-1 cellswith fragmented nuclei (thick
arrows) and pit cells (thinarrows). Light micrograph
showsthe samefield as(A). Bar =5 um.

CCb531s cytotoxicity ind uced by pit cells. These
resultsindicate that NKR-P1A and ANK61 antigen
on pit cellsfunction astriggering molecules against
FcyR* target cells, but not against FcyR- targets. It
has been demonstrated that mA bs3.2.3and ANK61
enhance cytolytic activity of NK and LAK cellsonly
against FcyR* tumo r target cells by rADCC#>7,
Other evidenceto support this observati on wasthat,
in our experiments, cross-linking of NKR-P1A on
pit cells with mAb 3.2.3 did not induce granule
exocytosis from pit cells, as observed in May-
Giemsa-stained cytospin preparations (data not
shown). Thisisin contradiction with a report
describing that mAb 3.2.3 can induce
degranulation and release of granzymesfro m NK
and IL-2 activated NK cells??. Furthermore, after
incubation of pit cellswithmAb 3.2.3, themedium and
thepit cellswere separated by centrifugation. Themedium
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% spacific fragmented DNA % specific fragmented DNA o, gpecific fragmented DNA

c3B8B888838 o538888338

3.2.3 ANK61 ANK74
mAbs

medium IgG1

Figure 4 Effect of the mAbs on pit cell-induced CC531s (A),
YAC-1 (B) and P8 15 (C) target cell apoptosis. [*H]-TdR labeled
target cells were incubated at an E:T ratio of 10:1 with freshly
isolated pit cells for 3 h in the absence or presence of the mAbs.
Values are mean + SD from four different ex periments.?P < 0.05,
P < 0.01 vs the control.

did not kill CC531sand YAC-1 cedlls, whereasthe
pit cells cytotoxicity against these targets was
comparable to freshly isolated pit cells (data not
shown). Moreover, it has also been shown that NKR-
P1A negative NK clones are able to lyse the same
type of target cells as NKR-P1A positive NK clones
(23 and expression of NKR-P1A is not an absolute
requirement for NK activity??. These data suggest
that NKR-P1A isnot the sol e activation molecule on
NK cells. Actually, adiversity of activation molecules
on NK cells has been described>*52%, NK cells
might use these differe nt activation moleculesto lyse
different target cells.

Itisbelieved that mAbs3.2.3 or ANK61-enhanced
cytotoxicity inFcyR* target cellsby NK cellsisarADCC
reaction*®, The present data show further that these
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Figure 5 Effect of DCI on mAbs 3.2.3 and ANK61-enhanced
FcyR* P815 cell cytolysis (A) and apoptosis (B) by pit cells. Pit cells
were preincubated with 50 p mol/L DCI for 30 min at 37°C. After
washing twice, the cells were coincubated with P815 cells as
mentioned in materials and methods. Values are mean = SD from
three different experiments. ®P < 0.05, °P < 0.01 vs the corresponding
control.

mAb-enhanced c ytolysis and apoptosis of P815 cells
by pit cells are mediated by the perforin/g ranzyme
pathway because this enhanced cytotoxicity can be
completely inhibited by thegranzymeinhibitor DCI.
Although the function of CD45iswell knownin
NK cells®1 itsrol ein pit cells has not yet been
clarified. We showed here that CD45 wasinvolved
in the pit cell induced cytolysis and apoptosis of
CC531sand YAC-1 cellsbut not of P815 cells. The
reason that CD45 on pit cells had different effects
on pi t cell-mediated cytotoxicity against different
targetsis not clear. It has bee n reported that CD45
is not essential for FcyR-mediated function in NK
cells, since NK cellsin CD45-/-mice have normal
cytotoxic activities, comparable to normal mice
(CD45+/+)[281, Another possible explanation is that
CD4 5 playsaregulatory rolein signal transduction
through surfacereceptorson NK cells, such asNKR-
P1A,LFA-1, andkiller cell inhibitory receptors(KIR)
inNK cell-mediated target killing®°, A diversity
of receptorsis found to be involved in NK cell
activation(?®, It could be that CD45 plays a
different regulating rolein different NK activation
receptors. On the other ha nd, the regulatory role
of CD45intheinhibitory signal pathway viaKIRis
dependent ontheexpressonleve of MHC dlass| ontarget

cells®. Theant i-CD45 mAb inhibits only thelysis of
target cellsexpressing low level of MHC class|, such
as CC5319® and YAC-1?", whereasthe lysis of target
cellsexpressing highlevel of MHC classl, suchasP815
(27 'isnot inhibited®.

In summary, CD45 on pit cells participated in pit
cell-mediated CC531s and YAC-1 but not P815
cytolysis and apoptosis. NKR-P1A and ANK61
antigen on pit cell s were involved in pit cell-
mediated FcyR* P815 cell cytolysis a nd apoptos
is, but not in FcyR- CC531s and YAC-1 cell
cytotoxicities. ThemAbs3.2.3and ANK61-induced
cytotoxicities of FcyR* P815 cells by pit cells were
mediated by the perforin/granzyme pathway. These
findings provide evidence that the same m olecules
on pit cells and blood or spleen-derived NK cells
regulate target cell lysis and apoptosis. The
differencein cytotoxic capacity between these cell
ty pes therefore may be on a quantitative rather
than aqualitativelevel.
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