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S u m m a r y .  Human p e r i p h e r a l  b lood m o n o n u c l e a r  
c e l l s  ob ta ined  by f i c o l l - h y p a q u e  s e d i m e n t a t i o n  
we re  d e p l e t e d  of F c - r e c e p t o r - b e a r i n g  (FOR+) 
c e i l s .  C y t o t o x i c i t y  ( d i r ec t  k i l l i ng  of t a r g e t  c e l l s  
by effector cells), tested in a 40 h assay, was 
significantly decreased against a variety of target 
cells. Tests in which no FoR+ cells could be 
detected were also positive for "natural killing" 
(NK) against a spectrum of target cells from nor- 
mal donors. NK in this system was mediated by 
more than one subpopulation of lymphocytes. 
Monocytes probably did not play a significant role. 

Decreasing the FcR+ cells in peripheral blood 
mononuclear cells in patients with bladder cancer 
and in controls did not reveal specific antitumour 

activity. 
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INTRODUCTION 

F o l l o w i n g  the c o n t r o v e r s y  s u r r o u n d i n g  the r e p o r t s  
of " t u m o u r - s p e c i f i c "  c e l l - m e d i a t e d  i m m u n i t y  in 
c a n c e r  p a t i e n t s ,  and subsequen t  r e p o r t s  of i t s  
a b s e n c e  (19), much  r e s e a r c h  focused  on i d e n t i f i c a -  
t ion and c h a r a c t e r i s a t i o n  of the c e l l u l a r  m e d i a t o r s  
of n o n - d i s e a s e  a s s o c i a t e d  cy to tox i c i t y .  In h u m a n s  
the phenomenon ,  known as spon taneous  (11) o r  
n a t u r a l  (10) k i l l ing ,  was shown to be m e d i a t e d  by 
l y m p h o e y t e s  of the nul l  ce l l  s u b s e t  which p o s -  
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s e s s e d  Fc  and C3 r e c e p t o r s ,  but no o t h e r  s u r -  
face  m a r k e r s .  More  r e c e n t l y ,  Wes t  et al. (21) 
have  shown tha t  F c R +  c e l l s  which a l so  f o r m  low 
af f in i ty  E - r o s e t t e s  m a y  be the r e s p o n s i b l e  c e l -  
l u l a r  m e d i a t o r s .  Dep le t ion  of FcR+ c e l l s  f r o m  
p e r i p h e r a l  b lood l y m p h o c y t e s  d e c r e a s e d  o r  e l i m i -  
na ted  the n a t u r a l  k i l l i ng  ef fec t  (20, 21). Though 
the o r i g i n a l  o b s e r v a t i o n s  of n a t u r a l  k i l l i ng  (NK) 
a c t i v i t y  we re  m a d e  in l o n g - t e r m  a s s a y s  a g a i n s t  
a d h e r e n t  t a r g e t  c e l l s  (19), the c e l l u l a r  d i s s e c -  
t ions  we re  done p r i m a r i l y  in s h o r t - t e r m  a s s a y s  
a ga i n s t  l ympho id ,  l y m p h o b l a s t o i d ,  o r  t u rnou t  
d e r i v e d  t a r g e t  c e i l s .  

The p r e s e n t  s tudy was u n d e r t a k e n  in an a t -  
t e m p t  to d e t e r m i n e  whe the r  dep l e t i on  of F c R +  
c e l l s  would r e v e a l  b t a d d e r  t u m o u r  a s s o c i a t e d  
c y t o t o x i c i t y  while d e c r e a s i n g  o r  e l i m i n a t i n g  NK. 
NK in th i s  r e p o r t  is  u sed  to r e f e r  to c y t o t o x i c i t y  
which is  not a t t r i b u t a b l e  to d i s e a s e  s t a tu s  o r  o t h e r  
o b v i o u s l y  de f inab le  an t igen ic  c h a r a c t e r i s t i c .  
Dep le t ion  of FcR+ c e l l s  did not e l i m i n a t e  such NK, 
and it was found that  F c R  n e g a t i v e  l y m p h o i d  c e l l s  
m a y  a l so  m e d i a t e  n a t u r a l  k i l l i ng  o r  m a t u r e  into 
ae t ive  e f f e c t o r  c e l l s  in the long t e r m  a s s a y .  

MATERIAL AND METHODS 

Effector Cells (EC) 

Heparinised venous blood was collected from nor- 
mal donors, from patients with nonmalignant geni- 
tourinary disorders (2 incontinence procedures; 2 
prothesis insertions, 2 benign prostatic hyper- 
trophies, 1 renal obstruction, 1 benign epithelial 
atypia, 1 epididymitis~ and 1 interstitial cystitis); 
bladder cancer patients (3 superficial, 4 invasive, 
and 5 metastatic), and from patients with other can- 
cers (2 prostatic carcinomas, 1 renal cell, and 1 
testicular embryonal cell). Mononuclear cells 
were obtained by sedimentation over ficoll- 
hypaque (FH) (4). Phagocytic cells were removed 
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with a magnet following a 30 rnin incubation with 
carbonyl iron (Fe, I0 rng/ml in medium with 25% 
fetal calf serum) with rotation at 37oc. Fc recep- 
tor bearing cells were depleted and recovered 
using the rnonolayer immune complex (MIC) frac- 
tionation of Targan and Jondal (20), or the erythro- 
cyte-anti erYthrocyte monolayer (EA) technique 
of Kedar et al. (12). Both techniques rely on com- 
bination of the FcR+ cells with rabbit antibody 
(IgG, Fc portion) previously attached to antigen 
in 60 rnrn plastic petri dishes. In the MIC method 
the antigen is human imrnunoglobulin, and in the 
EA method the "antigen" is sheep erythrocytes. 
Cells adherent to the MIC rnonolayer were in- 
cubated for 2 h at 37 ° with 2 rnl protein A (150~g/ 
rnl, Pharrnacia, Piscataway, N J)to competitively 
inhibit the FcR binding to the rnonolayer, in order 
to recover the FcR+ cells (20). Cell counts were 
done using Unopettes and trypan blue dye exclu- 
sion. The following cell surface markers were 
determined on the cell preparations: Sheep erythro- 
cyte (E)-rosettes for T cells (6), EA rosettes for 
FcR+ cells (9), and membrane irnrnunofluores- 
cence for surface membrane irnrnunoglobulin 
(SMIg) (14). Smears were prepared with a Cyto- 
centrifuge and stained with Carnco Quik Stain 
for cellular enumeration. For experiments in 
which lymphocyte preparations were cultured for 
1-3 days, the cells were suspended at 106/ml 
and incubated in Eagle's minimum essential me- 
dium with non essential amino acids, i% lung±zone, 
50 ug/l gentamycin, and 10% heat inactivated 
fetal calf serum (MEM). 

Cytotoxicity Test 

C e l l  s u s p e n s i o n s  w e r e  a d j u s t e d  to 1 0 7 / r n l  in  
MEM and p l a t e d  on t a r g e t  c e l l s  i n  10 ~1 v o l u m e s  
in  M i c r o t e s t  I p l a t e s  ( F a l c o n  P l a s t i c s ,  O x n a r d ,  
(CA). Al l  t e s t s  w e r e  r u n  in  t r i p l i c a t e  as  d e s c r i b e d  
(2, 3). T e s t s  w e r e  r u n  fo r  2 days  (40 h) excep t  
w h e r e  i n d i c a t e d .  To  t e r m i n a t e  the  t e s t s ,  p l a t e s  
w e r e  washed ,  f ixed with m e t h a n o l  and s t a i n e d  
with G e i r n s a ' s .  C y t o t o x i c i t y  was e v a l u a t e d  v i s u a l -  
ly,  and the e n d p o i n t  d e t e r m i n e d  as tha t  n u m b e r  of 
e f f e c t o r  c e l l s  r e s u l t i n g  in 50% s u r v i v a l  of t a r g e t  
c e l l s  r e l a t i v e  to m e d i a  c o n t r o l s .  Cy t o t ox i c  i n d i c e s  
w e r e  a s s i g n e d  as fo l lows:  0 = no d e t e c t a b l e  c y t o -  
t ox i c i t y ,  1 = 50% e n d p o i n t  a t  105 EC,  2 = at 
5 x 104, 3-= at 2 . 5  x 104, 4 = at 1 .2  x-104,  5 = 
at 6 x 10~, and 6 = endpoin~ at 3 x 103. 

T a r g e t  c e l l s  w e r e  p l a t e d  at l e a s t  12 h p r i o r  
to a d d i t i o n  of EC at a c o n c e n t r a t i o n  to a l low about  
100-200  c e l l s  to a d h e r e  fo r  t e s t i n g .  T h e y  w e r e  
o b t a i n e d  f r o m  the f o l l ow i ng  ce l l  l i n e s :  T24 (5), 
253J  (7), and J82 (15), d e r i v e d  f r o m  b l a d d e r  
transitional cell carcinomas; HT29M (i), derived 
from a colon carcinoma; and FI (8), derived 
from normal arnnion. Lines were maintained in 
either MEM with 10% FCS (T24, HT29M, and FI) 
or RPM11640 with 15% FCS (253J, J82). All ceil 
lines were negative for mycoplasrna contamina- 
tion by the DAPI fluorescence stain method of 
Russell et al. (17). 

All statistical analyses were by the Student's 
t-test. 

Table i. MIC and EA monolayer depletion of FcR+ cells and 
reduction of cytotoxicity in I0 normal donors 

EC markers Effector cell preparation 
and function Ficoll-Hypaque Post MIC 

only 
P o s t  EA 
r n o n o l a y e r  

Markers: (percent ± SE) 

SMIg 9.8 +I. 0 9.6 ± i. 1 
EA 17.2 +_1.6 3.6 _+0.6 c 
E 67.3+2.8 68.5 ±1.7 

8 . 8 + 0 . 6  
5 .1  2 0 . 8  c 

69 .9  + 2 . 2  

Cytotoxicity : (cytotoxic index ± SE) 

against: 

T24 4.50 + 0.62 2.33 -+ 0.95 a 
253J 2.94 _+ 0. 78 i. 55_+ 0.71 
J82 4.20 _+ 0.48 3.95 ± 0.72 
FL 3.55 _+ 0.50 i. 50 + 0.61 b 
HT29M 4.55 + 0.51 3. i0 ± 0.67 

2 . 8 0  + 0 . 9 4  
3 .00  _+1.02 
4 . 3 0  + 0 . 6 8  
2 . 0 0  _+ 0 . 6 6  a 
2 . 8 0  + 0 . 5 3  a 

a 
p < 0.05 compared to FH only 

b 
p <0.01 compared to FH only 

c 
p < 0. 001 compared to FH only 
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RESULTS 

Reduction of Cytotoxicity by Depletion of FcR+ 
Cells 

Cytotoxicity by EC following MIC or EA mono- 
layer depletion of FoR+ cells was compared in 
I0 normal donors. Both depletion methods result- 
ed in decreased cytotoxicity. Although neither 
method eliminated eytotoxicity, the MIC technique 
was more efficient for the depletion of FcR+ ceils 
and the reduction of cytotoxicity (Table i). The 
MIC technique was therefore used in subsequent 
experiments. 

¢ 

Monocyte Depletion 

DISEASE OTHER BLADDER 
>o NORMALS CONTROLS CANCERS CANCER 

4 T24 

g O" r~ 

# o . ~ _  
• 

~ ~ 4 J  

-H ~ 0 ~  

.,~ 4 H T 2 9 M  
.~  q~ qg 

,~ ~ ~ (]J 0 ~ P4 ~ ~ ~4 

~ o  
0 0 0 

N ~ 
~ ~ rd c6 

In order to determine if monocyte depletion by 
MIC fractionation was responsible for the de- 
creased cytotoxicity, phagocytic cells were 

Fig. i. Histogram bars show cytotoxic indices 
against 5 target cells by lymphocytes obtained 
by FH sedimentation pre (~) and post ([:::~) 
MIC depletion of FcR+ cells. Lines indicate 

~ ~ standard errors. P values comparing cytotoxieity 
~ o by native and FcR+ cell depleted populations by 

O O O (3 
• H O m m the Student's t-test for normal individuals (n = 13) 
~ o  ° were: T24, p-<0.025; 253J, p<0.005; J82, p 
~ G0.20; FI, p<0.005; and HT29M, pG0.005; 
~vvv for disease controls (n = i0): T24, pG0.01; 

253J,  p < 0 . 0 0 1 ;  J82, p G 0 . 0 0 5 ;  IF1, p G 0 . 0 0 5 ;  
and HT29M, p <0.  005; for  pat i ent s  with o t h e r  c a n -  
c e r s  (n = 4): T24,  p G 0 . 1 0 ;  253J,  p G 0 . 1 0 ;  J82,  
p G 0 . 2 0 ;  F1, p < 0 . 2 0 ;  and HT29M, p < 0 . 1 0 ;  
and for  pat i ent s  with bladder  c a n c e r  (n = 12): 
T24,  p < 0 . 0 2 5 ;  253J,  p G 0 . 0 2 5 ;  J82, p G 0 . 4 0 ;  
F1, p G 0 . 0 0 5 ;  a n d H T 2 9 M ,  p < 0 . 0 0 5  
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reduced by incubation with carbonyl iron (Table 2). 
Though decreasing the monocytes did not greatly 
affect the MIC fractionated cells (part A), it 
increased the cytotoxicity in the FH separated 
cells (part B). However, conversion of the dif- 
ferences in cytotoxic indices to EC numbers indi- 
cates that the difference can be accounted for by 
the percentage recovery of cells following Fe 
treatments, and resulting enrichment of cyto- 
toxic cells. Fe treatment was used in subsequent 
experiments. 

Depletion of FcR+ Cells in Bladder Cancer Pa- 
tients Compared to Other Groups .................... 

Table 3 and Fig. 1 show that depletion of FcR+ 
cells decreased cytotoxicity in patients with non- 
malignant genitourinary diseases, bladder cancer, 
and other cancers, as well as normals. However, 
no obvious differences emerged after depletion to 
indicate bladder cancer specific cytotoxicity. In 
some eases (e.g. T24), a difference between 
donor groups prior to MIC fractionation was ob- 
scured in FcR+ depleted EC. Although differences 
in numbers of FcR+ cells between donor groups 
occurred before and after depletion, these did 
not correlate with, nor could it explain the resul- 
tant cytotoxicity by the different groups against 
the different cell lines. 

Kinetics of Cytotoxicity by FcR+ Cell Depleted EC 

Since the cytotoxicity test was run for 2 days, it 
was possible that cellular receptors were being 
generated by differentiation during the test. To 
approach this question, FcR+ depleted cell popula- 
tions were cultured i, 2, or 3 days before marker 
enumeration and pla~ing on the target cells for 2 
additional days. Simultaneously, in parallel as- 
says, the same cell preparations were incubated 
with the target cells for i, 2, 3, 4 or 5 days on 
the cytotoxicity plates. (Wells were fed with I0 gl 
of media as required). Table 4 and Fig. 2 show 
the results of these experiments, with EC from 
four normal individuals. As anticipated, in- 
creasing the time of incubation with target cells 
increased the cytotoxieity (Fig. 2). Moreover, 
culturing the EC alone for i-3 days prior to plat- 
ing on target cells also increased the cytotoxicity 
against 253J and FI, but not significantly against 
HT29M. None of the cell preparations used in 
these test had recovered or generated Fc recep- 
tors during incubation (Table 4). 

Recovery of MIC-Adherent Cells 

Ceils adherent to MIC plates were recovered by 
incubation of the plates with protein A. Prelimi- 
nary attempts to recover MIC-adherent cells 

yielded fewer lymphocytes positive for any of the 
surface markers (Table 5). This could have re- 
sulted from the protein-A recovery procedure. 
Nevertheless, the cells recovered when readjusted 
to 107/ml, were as cytotoxic as the unfractionated 
cells, and significantly greater than the nonad- 
herent fraction recovered from the MIC plates. 
However, the killing was not as strong as would 
be expected if cytotoxic cells were greatly en- 

riched. 

DISC USSION 

Natural killing (NK) was originally observed in 
long term cytotoxicity assays in attempts to 
detect human tumour associated reactivity (19). 
Since natural cytotoxicity as studied using the 4 h 
chromium release assay may or may not be appli- 
cable to possible detection of cancer related re- 
activity in patients with solid tumours, NK was 
studied using the long term cytotoxicity assay. 
The term "natural killing" in this report is ap- 
plied to cytotoxicity which cannot be attributed 
to disease status or explained using any obviously 
definable clinical or antigenic characteristic. 

Depletion of peripheral blood mononuelear 
cells of Fc-receptor bearing (FeR+) cells con- 
sistently had no detectable effect on E rosetting 
cells and surface membrane immunoglobulin 
positive cells (SMIg+), but was always correlated 
with decreased cytotoxicity against a variety of 
adherent, cultured target cells in a 40 h assay 
(Table I). Reduction of FcR+ cells and cytotoxicity 
was similar with blood from normal donors and 
patients with nonmalignant genitourinary dis- 
orders, bladder cancer, and other cancers. No 
bladder cancer specific cytotoxicity against 
transitional cell carcinoma derived cell lines 
emerged (Table 3, Fig. i). In the results pre- 
sented in Table 3, both bladder cancer patients 
and patients with nonmalignant genitourinary 
diseases had greter numbers of EA+ cells than 
the other groups both before and after FeR+ cell 
depletion. This was not necessarily correlated 
with greater killing against the different target 
cells. 

In confirmation of previous work (3), mono- 
cytes did not play a significant role in the nat- 
ural killing phenomenon. The lymphocytes me- 
diating the NK effect, however, appear to be 
derived from more than one subpopulation. FeR+ 
cells either mediate NK, or fulfilled some other 
contributing function (regulatory?). Since E 
rosetting cells did not increase with FcR+ cell 
depletion and were recovered from MIC plates 
(Table 5), some of the FcR+ cells were probably 
FeR+ T cells as also suggested by West et al. 
(21). Such T cells probably bore Fc receptors 
for IgG since the rabbit antiserum used for 
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Group  No. R e c o v e r y  P r e  MIC P o s t  MIC 
f r o m  MIC SMIg EA E SMIg EA E 

Normals 13 46.3+3.1 11.4+1.6 12.4+1.3 64.1+3.0 11.2_+1.5 3.5_+0.6 

GUdisease I0 35.9+3.1 9.2_+1.4 20.3+3.3 58.8+3.9 10.6+1.1 5.7+1.4 
controls 

Other cancers 4 40.0-+ 3.2 8.5-+ 1.6 12.5-+4.1 71.3-+3.9 6.5-+0.9 2.2_+0.3 

Bladder cancer 12 33.1-+4.4 7.1-+1.7 21.3_+2.7 64.8-+4.6 7.4-+1.7 6.1-+1.2 

6 4 . 5 + 2 . 6  

6 0 . 3 - + 3 . 7  

6 9 . 0 + 4 . 8  

6 4 . 6 + 5 . 3  

acytotoxicity by these groups of EC is shown in Chart 1 

Table 4. Cell populations and surface markers of mononuclear cells 
used in kinetics and pre-culture experiments (percent) a 

Donor Characteristics Effector cells 
P o s t  MIC, c u l t u r e d  (days) 

P r e  MIC 
0 1 2 3 

A L y m p h o c y t e s  88 96 QNS b 99 100 
M o n o c y t e s  12 4 QNS 1 0 
E 71 60 72 76 80 
EA 19 1 0 c ND d 0 
SMIg 7 7 7 14 7 

B L y m p h o c y t e s  88 99 100 98 94 
M o n o c y t e s  12 1 0. 5 2 6 
E 59 67 67 88 79 
EA 14 2 2 ND 0 
SMIg I0 Ii 8 12 7 

C L y m p h o c y t e  s 96 99 100 99 100 
M o n o c y t e s  4 3 0 0 0 
E 66 72 70 70 59 
EA 12 3 0 0 0 
SMIg 8 8 9 2 5 

D L y m p h o c y t e  s 94 96 97 QNS 99 
M o n o c y t e s  6 4 3 QNS 0 
E 59 55 50 71 64 
EA 21 3 1 0 1 
SMIg 8 5 6 7 6 

aEffector cells were cultured in vitro in MEM for 0-3 days prior to 
use in cytotoxicity tests. Results of the cytotoxicity tests are 
shown in Chart 2 

bQuantity not sufficient 

CNo cells of indicated type were detectable in 200-600 counted 

dNo data 
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Fig. 2. Cytotoxic indices against each of 3 
target cells are shown with 4 donors as a 
fUnction of time of incubation with targets 
(o o), and following preculturing for (n-2) 
days and incubation in the cytotoxic test 
with targets for 2 more days (o---o). (The 
total number of days including preculture 
and cytotoxicity test is shown on the abscis- 
sa. ) Effector cell populations are described 
in Table 2 

Table  5. Cyto toxic i ty  by ce l ls  which had been adherent  to MIC plates  (7 donors ;  pe r cen t  + SE) 

C ell population Differential % Recovery Surface markers Cytotoxicity 
LC MONO E EA SMIg 253J FL HT29M 

l~re MIC 92.8 6.7 69.3 17.2 9.3 1.57 d 3.64 d 2.85 d 
± + _+ _+ + +_ + + 

2.3 2.2 4.0 3.4 1.6 0.48 0.47 0.55 

MIC depleted 97.7 2.1 49.8 +3.3 b 71.1 4.5 9.7 0.92 e 1.28 e 1.07 e 
+ + + + + + _+ + 

0.7 0.6 4.2 1.0 2.1 0.20 0.21 0.07 

MIC recovered 95.6 4.4 15.1 + 3.6 c 31.6 5.4 4.0 2.42 f 3.42 f 2.42 f 
+ + + _+ ± + _+ +_ 

1.71 1.71 8.3 2.3 1.2 0.27 0.31 0.38 

aCel ls  which had been adherent  to MIC plates  were r e c o v e r e d  by incubat ing the p la tes  
with p ro te in  A 

b p e r c e n t  r e c o v e r y  of p r e - M I C  cel ls  

Cpercen t  r e c o v e r y  of ce l l s  adherent  to MIC pla tes  

d c y t o t o x i c i t y  p r e - M I C :  d i f ferent  f rom e (MIC-depleted) ,  p< 0. 005, e x c e p t o n 2 5 3 J ,  with p < 0 . 2 0  

e c y t o t o x i c i t y  with MIC-deple ted  cel ls :  d i f ferent  f r o m  f (MIC- recove red ) ,  p <0 .  005 

fCyto toxic i ty  with M I C - r e c o v e r e d  cel ls :  not s t a t i s t i ca l l y  d i f ferent  f rom d (pre-MIC) 
(p<0 .10 ,  p < 0 . 4 0 ,  p<0 .30  on 253J, FL,  and HT29M respec t ive ly )  

deplet ion was h y p e r i m m u n e  and m o s t l y  IgG. How- 
ever ,  NK can o c c u r  with no FcR+ cel ls  p r e sen t  
in the EC p r epa ra t i on  (Table 4, Fig.  2). F c R -  
negat ive  T a n d / o r  B cel ls  a re  thus a lmos t  c e r -  
ta inly  also involved. Natura l  kil l ing agains t  
adherent  human t a rge t  ce l l s  in a 40 h a s s a y  was 
not the resu l t  of a single subpopulat ion of lympho-  
cytes ,  but could be media ted  s e p a r a t e l y  by m o r e  
than one subgroup or  via ce l lu l a r  in te rac t ion .  
The l a t t e r  poss ib i l i ty  was indicated by the fact  
that  the MIC-adhe ren t  ce l l s  were cytotoxic ,  but 
not enough to account  fo r  all the cy to toxic i ty  in 

the unfractionated cells (Table 5). This was also 
suggested by Pape et al. (16). 

In the kinetics study, FcR+ cell depleted EC 
showed cytotoxicity not only with longer incubation 
with the target cells, but also when precultured 
for 1 to 3 days in medium alone (frequently with 
no FcR+ cells detectable). This latter increase 
occurred with target cells 253J and FI, but not 
with HT29M (dashed lines, Fig. 2) in all four nor- 
mal donors tested. If the EC were stimulated by 
the foetal calf serum during preculture period, 
then the resulting very strong primary response 
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showed selective increased cytotoxicity against 
2 of the 3 targets, implying differing concentra- 
tions of foetal calf serum antigens on the target 
cells. However, the observed increased cyto- 
toxicity may have resulted from activated NK ac- 
tivity in the FcR+ depleted EC population, with 
specificity as suggested by Takasugi et al. (18). 
In either case, the observed NK phenomenon in 
vitro is the result of more than one lymphocyte 
population, when measured in the long-term cyto- 
toxicity assay against cultured human cells. 
FcR+ are probably involved, but not solely re- 
sponsible for NK. Recently, Koide and Takasugi 
(13) have suggested that this is the case in short 
term assays as well. 
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