
Cancer Immunol Immunother (1990) 32:191 - 194 ~ ancer 
mmunolggy 
mmunotherapy 

© Springer-Verlag 1990 

Analysis of natural killer activity and natural killer 
cell subsets in patients with bladder cancer 

Tatsuo Morita 1, Akihiko Tokue 1, and Nagahiro Minato 2 

1 Department of Urology and 2 Department of Medicine, Jichi Medical School, Minamikawachi-machi, Kawachi-gun, Tochigi, Japan 

Received ó September 1989/Accepted 23 July 1990 

Summary. In order to analyze the state of  the natural 
resistance system of  bladder cancer patients in vivo, we 
measured natural killer (NK) activity and NK cell subsets 
o f  peripheral blood lymphocytes  (PBL) from 46 patients 
with bladder cancer and 25 age- and sex-matched healthy 
volunteers. The mean NK activity in patients with low- 
stage bladder cancer was similar to that in the controls, 
while NK activity in patients with high-stage bladder 
cancer was significantly depressed. The mean proportions 
of  Leu7 ÷ cells in patients with both low-stage and high- 
stage bladder cancer were significantly higher than that in 
the controls. The mean proportion of  Leu l  l a  ÷ cells in 
patients with low-stage bladder cancer was similar to that 
in the controls, while in patients with high-stage bladder 
cancer it was significantly higher. This study demonstrates 
the abnormal immunological  state of  bladder cancer 
patients; namely,  abnormalities exist not only in NK ac- 
tivity but also in the proportions of  circulating N K  cell 
subsets. 

Introduction 

Natural killer (NK) cells a rea  population of  lymphoid  cells 
that are able to kill some tumor cells, without prior sensiti- 
zation, in a fashion unrestricted by the major  histocompati-  
bility complex [7]. These NK cells are demonstrated to 
play an important role in defense against certain infections 
(especially viral) and in immune surveillance against 
malignant tumors [5, 10]. Recent  studies have revealed 
considerable heterogeneity of  NK cells with respect to 
morphology,  phenotypes and function [11, 15, 21]. In par- 
ticular, an analysis of  NK cell subsets responsible for cyto- 
toxic function showed that cytotoxic activities varied 
among NK cell subsets defined by the expression of  NK- 

cell-associated antigens [1, 6]. Therefore, variations of  
circulating NK cell subsets defined by the expression of  
NK-cell-associated antigens may account  for the altera- 
tions of  NK activity of  peripheral blood lymphocytes  
(PBL) in malignant diseases. 

In the present study, we simultaneously measured NK 
activity and the proportions of  NK cell subsets of  PBL 
from the controls and bladder cancer patients. 

Patients and methods 

Patients. A group of 46 bladder cancer patients were entered into the 
present study. The stage of disease was determined by preoperative 
studies and operative findings according to the classification of Jewett 
and Marshall [9]. For evaluation of the data, patients were divided into 
two groups: (a) low-stage (stages A and B) patients (n = 26) with a mean 
age of 65 years (range, 41-91); and (b) high-stage (stages C and D) 
patients (n = 20) with a mean age of 67 years (fange, 41-84). The 
control group consisted of 25 age- and sex-matched healthy volunteers 
with a mean age of 65 years (range, 43 - 86). All patients and the controls 
were free of active infection and had not received chemotherapy, radia- 
tion therapy or surgical treatments at the time of the study. 

Blood samples. A 20-tal sample of heparinized venous blood was obtain- 
ed on the same day from the controls and pretreatment patients. 

Separation of peripheral blood lymphocytes. Separation of PBL was 
performed by the density-gradient centrifugation method. Briefly, hepa- 
rinized blood was diluted with equal volumes of phosphate-buffered 
saline (PBS), layered on Ficoll/sodium isophthalamate (relative density 
1.077), and centrifuged at 400 g for 30 min at room temperature. The 
cells in interphase were collected, washed, and resuspended in RPMI- 
1640 medium supplemented with 10% fetal calf serum, 2mM L-glu- 
tamine, 100 U/tal penicillin, 100 U/tal streptomycin (complete RPMI- 
1640 medium). 

Target cells. The human erythroleukemia cell line (K562) was used as 
target cells. The K562 cells in suspension (lxl06) were incubated with 
3.7 MBq Na2 5ICRO4 (Amersham Corp., Arlington Heights, Ill.) for 1 h 
at 37°C in a 5% CO2/air incubator. The cells were then washed three 
times and resuspended in complete RPMI-1640 medium. 

Offprint requests to: Tatsuo Morita, Department of Urology, Jichi Medi-  Cytotoxicity assay. The 51Cr-labeled K562 cells (lxl04/well) were then 
cal School, Minamikawachi-machi, Kawachi-gun, Tochigi 32 904, Japan mixed with varying numbers of PBL to give the effector:target ratios of 
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Fig. 1. Natural killer activity of peripheral blood lymphocytes in controls 
and bladder cancer patients (E :T = 20 : 1). The horizontal bar represents 
the mean for each group, * Mean + SD 
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Fig. 2. Proportion of Leu7 + cells in controls and bladder cancer patients. 
The horizontal bar represents the mean for each group. * Mean + SD 

40 : 1, 20: 1, and 10 : l in a 96-well microculture plate (Flow Laboratories 
Inc., Rockville, Md.) and incubated for 4 h at 37°C in a 5% CO2/air 
incubator. Each assay was performed in triplicate. The culture super- 
natants were then harvested using the Titertek supernatant collection 
system (Skatron A. S., Lierbyen, Norway), and radioactivity was mea- 
sured by a gamma counter (Aloka ARC-451, Aloka Co. Ltd., Tokyo, 
Japan). The percentage specific 51Cr release was calculated as follows: 
specific 51Cr release (%) = 100x(experimental release - spontaneous re- 
lease)/(maximum release - spontaneous release), where maximum re- 
lease was determined by the addition of 1% Triton X-100 solution 
(Sigma Chemical Co., St. Louis, Mo.). Spontaneous 51Cr release for 
K562 was <10%. 

Monoclonal antibodies (mAb). The monoclonal antibodies used were 
anti-Leu7 and anti-Leul 1 a (Becton-Dickinson Co., Sunnyvale, Calif.). 
These mAbs are known to react with NK-cell-associated antigens. 

lmmunofluorescence staining and analysis. PBL (1× 10 6) w e r e  incubated 
with 10 gl fluorescein-isothiocyanate-conjugated mAbs at 4°C for 
30 min, washed three times, and resuspended in 1 ml PBS. All samples 
were then analyzed for fluorescence by flow cytometry (Ortho Spec- 
trum Il1, Ortho Diagnostic System, Westwood, Mass.). Non-lympho- 
cytic cells contaminating the preparations were excluded from analysis 
by using scatter gates set on the 90 ° light scatter profile. A total of 104 
cells were analyzed for each mAb. The fluorescent cells were expressed 
as the percentage of total lymphocytes. 

Statistics. The results were analyzed by the Wilcoxon rank-sum test for 
statistical significance. 

R e s u l t s  

N K  activity in the controIs and bladder cancer patients 

P B L  f rom b ladder  cancer  pat ients  and  the age-  and  sex- 
m a t ched  controls  were  tes ted for N K  act iv i ty  aga ins t  K 5 6 2  
s imul t aneous ly .  There  was  no  s ign i f ican t  d i f fe rence  in  N K  
act ivi ty  b e t w e e n  the controls  (24 .8+9.2%)  and  b ladder  
c ancer  pa t ients  (17.3 + 12.2%). W h e n  ana lyzed  accord ing  to 
stage of  the disease (Fig. 1), N K  act ivi ty  in  the low-s tage  
group  was  s imi la r  to that  in  the controls .  However ,  N K  
act iv i ty  in  the h igh-s tage  group  was  s ign i f ican t ly  less than  
that in  the controls  or the low-s tage  group  (P <0.01).  These  
t rends  were  obse rved  at all  E : T  ratios examined .  W h e n  
pat ients  were  ana lyzed  accord ing  to t u m o r  grade [20], 
there  was no  s ign i f ican t  d i f fe rence  in  N K  act iv i ty  b e t w e e n  
pa t ien t  groups  (data no t  shown) .  

The proportions o f  Leu7 + cells and L e u l l  a + cells in the 
controls and bladder cancer patients 

The N K  cell  subsets  r e spons ib l e  for N K  act ivi ty  were  
ana lyzed  us ing  an t i -Leu7  and  a n t i - L e u l l a  m A b s  on the 
same  day that N K  act ivi ty  was measu red  (Figs.  2 and  3). 
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Fig. 3. Proportion of Leull a + cells in controls and bladder cancer 
patients. The horizontal bar represents the mean for each group. 
• Mean + SD 

The mean proportions of Leu7 + cells in both the low-stage 
and high-stage groups were significantly higher than that in 
the controls (P <0.05). The mean proportion of Leul la + 
cells in the low-stage group was similar to that in the 
controls, while in the high-stage group the mean proportion 
of Leu 11 a ÷ cells was significantly higher than that in either 
the controls or the low-stage group (P <0.01). 

Correlation between the proportions of NK cell subsets 
and NK activity 

We further examined the correlation between the propor- 
tions of NK cell subsets (Leu7 ÷ cells and Leul la ÷ cells) 
and NK activity in each group. Statistical analysis failed to 
show any significant correlation between the proportions 
of NK cell subsets and NK activity in the controls or 
bladder cancer patients (data not shown). 

Discussion 

This study dennonstrated that, in connparison to the control 
group, patients with high-stage bladder cancer displayed 
depressed NK activity, while NK activity was normal in 
patients with low-stage bladder cancer. This innnnuno- 
suppressed state seen in bladder cancer patients has been 
dennonstrated by other innnnunological exanninations, in- 
cluding the in vitro blastoid response to phytohennagglu- 
tinin [4], analysis of lymphocyte subpopulations [13], and 
delayed hypersensitivity skin reactions with recall antigens 
[14]. However, there is considerable controversy in the 
literature with regard to NK activity in bladder cancer 
patients. Morales et al. [ 12] reported a stage-related decline 
of NK activity in bladder cancer patients. Ma et al. [8] 
reported that NK activity was depressed in bladder cancer 
patients but that there was no correlation between NK 
activity and grade or stage of the disease. On the other 
hand, Britten et al. [3] reported that there was no significant 
difference in NK activity between bladder cancer patients 
and normal controls. Generally, NK activity is reported to 
be depressed in patients with a wide variety of nnalignant 
diseases [17, 19], consistent with our study. The nnecha- 
nisnn by which NK activity is depressed in cancer patients 
rennains unclear, although several nnechanisnns have been 
suggested, including suppressor cells [ 16], decreased recy- 
cling capacity of NK cells [ 18] and quantitative changes of 
NK cells in PBL [2]. 

In this study, we sinnultaneously analyzed NK cell sub- 
sets as defined by nnAbs (anti-Leu7 and anti-Leul 1 a) in an 
attennpt to answer the question whether the depressed NK 
activity observed in bladder cancer patients is due to quan- 
titative changes in NK cell subsets. However, our results 
indicate that the proportions of Leu7 + cells and Leu 11 a+ 
cells increase in patients with depressed NK activity. Balch 
et al. [2] reported significantly depressed levels of Leu7 + 
cells in patients with colon, lung, breast, or head and neck 
cancer, while levels of Leu7 + cells in patients with 
nnelanonnas and sarconnas rennained relatively normal. 
They concluded that the level of Leu7 + cells varied greatly 
annong patients with different histological types of cancer. 
Possible explanations for the present findings nnight be that 
there is sonne defect in NK cell differentiation in these 
patients, which nnight result in an increase in the proportion 
of innnnature NK cells with weak cytotoxic activity, or that 
regulatory nnechanisms connpensate for depressed NK ac- 
tivity, resulting in an increased proportion of NK cells. 
However, it rennains unclear how the developnnent of blad- 
der cancer leads to such dynannic changes in the NK cell 
system. 

In conclusion, this study demonstrates the abnormal 
innnnunological stare of bladder cancer patients: abnormali- 
ties exist not only in NK activity but also in the proportions 
of circulating NK cell subsets. Further analysis of NK 
cells, based on additional differentiation- or function-as- 
sociated surface phenotypes, is germane to a bettet under- 
standing of these abnormalities in bladder cancer patients. 
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