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It is demonstrated that in the presence of human recombinant T-interferon and C- 
reactive protein the activity of natural killers increases 9-43%, whereas the number of 
effector:target cell conjugates formed at the stage of recognizing and binding of target 
cells decreases 14-80%. There is a weak positive correlation (p =0.35) between the ac- 
tivity of natural killers and the number of effector:target cell conjugates, 
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A positive correlation between the number of 
effector:target cell (E:T) conjugates which are 
formed at the stage of recognition and binding 
and the efficiency of subsequent lysis of target 
cells (TC) has been established in studies of the 
mechanisms responsible for the cytotoxic potential 
of human natural killers (NK). Unilateral changes 
in the intensity of E:T conjugate formation and 
activity of NK have been observed not only upon 
testing the background cytotoxicity of NK, but also 
when these cells are stimulated by leukotriene B4 
[4] or inhibited by anti-gp90 (CD18) Fab-frag- 
ments [2] and anti-ICAM-1 antibodies [13]. 

Meanwhile, it has been shown that recogni- 
tion and binding of TC in the NK-mediated cy- 
totoxic reaction is accompanied by cortformational 
changes in the plasma membranes of TC and 
natural cytotoxicity effector (NCTE) cells, provid- 
ing for the exchange of receptors between NK and 
TC [9,17]. For example, trypsin-sensitive structures 
active at 4~ are transferred to TC during their 

Laboratory of Immunochemistry and Laboratory of Natural 
Immunity, N. F. Gamaleya Institute of Epidemiology and 
Microbiology, Moscow 

conjugat ion with large granular  lymphocytes  
(LGL), which appears to be a requisite step in 
TC lysis [9]. This transfer changes the direction 
of the receptor/antireceptor interactions in the 
NK:TC system [1] and may be significant in pro- 
gramming cell lysis and in triggering the mecha- 
nisms responsible for the initiation of the next 
step in this process, primarily, of the lethal blow, 
which is associated with the production of cyto- 
toxicity factor by NK (CFNK) in the NK:TC 
system [18]. 

However, if the initial steps in the interaction 
between NCTE and TC are characterized by the 
transfer of surface structures [1,9] that is neces- 
sary for NK-mediated cytotoxicity, the positive 
correlation between the number of E:T conjugates 
and the cytotoxic activity of NK [2,4,13] may 
represent one of the ways of cytolysis activation, 
namely, by compelling the largest possible num- 
ber of NCTE cells to interact with TC. The ex- 
istence of other means of stimulating massive NK- 
mediated cytotoxicity presupposes the possibility of 
controlling TC recognition and binding of factors 
activating NK at the "lethal blow" stage. Inter- 
feron (IF)-T and C-reactive protein were used as 
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Fig. I. I n d i v i d u a l  p a r a m e t e r s  of NK c y t o t o x i c i t y  a n d  
intensity of conjugate  formation in the NK:TC system tn vitro. 

such factors in this study. These compounds do 
not activate NK during recognition or binding to 
TC [3,7,16,18]. 

MATERIALS AND METHODS 

Peripheral blood mononuclear ceils (MNC) were 
isolated f rom venous blood obta ined f rom 8 
healthy donors (2 men and 6 women aged 26-54 

Fig. 2. Relationship between changes in  NK cytotoxicity and 
intensi ty  of con juga te  formation in the  NK:TC system in the 
presence of g -  IF h~ vitro. Here and in Figs. 3 and 4 shaded 
bars :  NK ac t iv i ty ;  wh i t e  bars:  n u m b e r  of E:T con j u g a t e s .  
Corre la t ion  coeff ic ient  va lues  are g iven  in  parentheses .  

years) by one-step Ficol l -Verograf in  gradient  
(d=1.077 g/cm 3) centrifugation (400 g, 45 rain, 
20oC). Cells were washed twice with medium 199 
(400 g, 10 ram, 20oC) and resuspended  (10 7 
cells/re.l) in complete growth med ium ( C G M )  
containing 88 ml RPMI-1640 (Flow),  12 ml 
fetal calf serum (Flow), 2 mM glutamine, and 40 
Ixg/ml gentamicin (Pharmachim) in 1 M HEPES 
(Flow). 

The cytotoxic activity of NK was measured as 
descr ibed [8], using K-562 (human  erythro-  
myeloblasts) labeled with ~H-uridine (3 IxCi/ml 
cell suspension~ as target cells. The TC (105 cells/ 
ml CGM) were incubated with MNC (0.1 ml of 
each ceil suspension) in 96-well plates for 14 h 
at 37~ in a humidified atmosphere containing 5% 
CO 2. After the incubation the resulting cell sus- 
pens ion  was t ransfer red  to f iberglass fil ters 
(Whatman, pore diameter 2.5 Ix). The filters were 
counted  (1 min  for each probe) in a toluol  
scintillator in a Packard [5-counter. Target cells 
incubated without MNC under the same conditions 
served as a control. 

The cytotoxicity index (CI) for 2 parallel 
probes at E:T ratios of 100:1, 50:1, 25:1, and 
12:1 was calculated from the following formula: 

CI= [1 - (cpm in experimental wei l /cpm in 
control well)] • 100%. 

The area under the curve was calculated by a 
described method  [15], expressed in arbitrary 
units, and employed as an integral parameter in 
the figures and tables. 

The number of E:T conjugates was determined 
by the method of Haliotis et aL [6]. Suspensions 
of TC and MNC were incubated at an E:T ratio 
of 6:1 in 0.4 ml CGM for 10 min at 37~ in a 
humidified atmosphere containing 5% CO 2. Cells 
were centrifuged at 150 g for 5 rain, carefully re- 
suspended in 0.4 ml CGM, and the number of 
E:T conjugates was calculated under the light mi- 
croscope in a Goryaev chamber. The number of 
conjugates was then expressed per 100 TC. 

Gammaferon (human recombinant y-IF, Fer- 
ment Conglomerate, Russia) was used at concen- 
trations of 5, 50, and 500 IU/ml.  C-reactive pro- 
tein (Institute of Experimental Microbiology, Rus- 
sian Academy of Medical Sciences) was used in 
concentrations of 0.02, 0.2, and 2 Ixg/ml. The 
protein was isolated by affinity chromatography 
from ascitic fluid of cancer patients, using gly- 
cerophosphocholine (CRP1) or C-polysaccharide 
from St. pneumoniae (CRP2). Both preparations 
were added to cell suspensions immediately before 
incubation for 14 h at 37~ in a humidified at- 
mosphere containing 5% CO 2. 
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Statistical analysis was performed using Stu- 
dent's t test. Correlation coefficients ( p ) were cal- 
culated after Spearman. 

RESULTS 

The mean in vitro cytotoxic activity of NK iso- 
lated from donor  blood was 3.4+0.72x10 ~ rel. 
units (1.1-6.65x10 ~ rel. units) (Fig. 1). The num- 
ber of E:T conjugates varied from 8 to 32 per 100 
TC (mean value 16.9+3.94). Judging from the 
correlation coefficient values (0.35), only the MNC 
that bind to TC within the ftrst 10 rain are ac- 
tive effectors of natural cytotoxicity, or probably 
LGL can lyse TC in the cytotoxicity test. As seen 
from Tables 2 and 4, conjugates of the LT type 
[5], i.e., those formed between 1 MNC and 1 TC, 
predominated. The proportion of the LT~ type [5] 
conjugates i.e., those consisting of 1 TC and 2 or 
more NCTE cells, was much smaller. There were 
no conjugates consisting of 1 lymphocyte and 2 or 
more TC ( L T  type [5]). 

In the presence of ),-IF the in vitro cytotoxic 
activity of N K  from healthy donors increased 9- 
15% (Table 1, Fig. 2), which was attributed to the 
ability of 3'-IF to stimulate the production of 
CFNK at the "lethal blow" stage. The lowest dose 
of 3'-IF (5 IU/ml)  produced the maximum effect 
on the intensity of conjugate formation. The great- 
est increase occurred in the number of LT type 
conjugates, it was lower in the case of LT con- 
jugates formed by 1 TC and more than ~ lym- 
phocytes, while the number  of L T  conjugates 
consisting of 1 TC and 2 lymphocytes was virtu- 
ally unchanged (Table 2). Taken together, these 
observations allowed us to consider the NK:TC 
system formed in the presence of ),-IF to corre- 
spond to a purified population of NK containing 
more than 98% CD16 § cells, which are active 
NCTE ceils [5]. In the presence of 50 and 500 
IU/ml  the y-IF correlation coefficients increased to 
0.6 and 0.5, respectively (0.35 in the control), in- 

TABLE 1. Effect of y - I F  on Cytotoxic Activity of NK /n vitro, 
n = 4 (M• 

Dose of g-IF, 
IU/ml 

5 

: : i i  : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  

500 

E C  act iv i ty ,  arb. un i t s  x l 0  "~ 

control y-IF 

..... 4'7• ................ 51!~0'46 ...... 

4 .9 •  I 5 .5•  

dicating that greater numbers of active LGL, which 
can effectively lyse TC, function in the NK:TC 
system in the presence of 3'-IF. 

The same regularities underlying the effect of 
y-IF on the cytotoxicity of N K  during recogni- 
tion and binding to TC were observed in the ex- 
periments with C-reactive protein. It has been 
reported [7] that this protein plays a role in the 
regeneration of the CFNK, which is expressed on 
the surface of LGL [3]. In the presence of CRP~ 
the activity of NK increased 22-36% (Table 3, 
Fig. 3), while the number of E:T conjugates de- 
creased 28-58% (Table 4, Fig. 3). At a dose of 2 
gg/ml the protein did not stimulate NK. CRP~ 
increased NK activity 12-43% (Table 3, Fig. 4) 

Fig. 3. Relationship between changes in NK cytotoxicity and 
intensity of conjugate formation in the NK:TC system in the 
presence of CRP, in vffro. 

TABLE 2. Effect of g - I F  on Conjugate Formation in the NK:TC System in Vitro 

D o s e  o f  g - I F ,  I U ' / m l  Tota l  n u m b e r  o f  E : T  % o f  conjugates  inc lud ing  1 T C  a n d  lymphocy te s :  

con juga t e s  1 2 3 and  m o r e  

5 (n = 6) 8.33"--3.33 17.5"--2.56 7 .5•  0 - 0  
1.67---1.67 0 - 0 "  5 •  0 •  

500 ( n =  12) 19.17---3.72 42.5•  8.75---2.44 6.25"--3.76 
10.83"--4.77 25 .0•  6 .25•  1 .25•  

Note. Upper value -- control; lower value - g - I F ;  asterisk indicates values statistically different from the control at p(0.05. 
Number  of conjugates  was calculated per 100 TC. 
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TABLE 3. Effect of CRP on NK Cytotoxicity in vitro (M~m) 

Preparation Dose, ~tg/ml NK activity, arb. 
unitsxl0 -~ 

CRP1 (n=4) 0 
0.02 
0.2 
2.0 

1 .8•  
2.2-----0,47 
2 .5•  
1 .8•  

 @iiiiiiii i! ! iiiiiiiiiiiiiiii!i!i! i i i iiiii!ii  iiii!iiiiiiiiiiiiiiiii    i i iiiiiiiiiii iiiiiiiii  !i i  ii iii iiiiiiiiiiii!ii!!iiiii!!i!iiiii i  ii  iiiiiiiiii!iiiiiiiiiiiiil 

::i :: i::i: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  
: : : . :  : : : : : : . <  > . : : - : :  . . . .  : < : <  ++>  :< :+  + ,  : :  < : : :+ : . :+ :  

and simultaneously lowered the rate of conjugate 
formation in the NK:TC system 14-52% (Table 
4, Fig. 4). Inhibition of recognition and binding 
was dose-dependent (Fig. 4). 

In contrast to y-IF, CRP produced no appre- 
ciable effect on the number of L T  complexes 
consisting of 1 TC and 2 MNC, however, a ten- 

40 
o 

~ 2o 

~ -2o 

�9 ~ -40 

CR.P~ dose, ~tg/ml 

0.02 0.2 
(not det.) (-0.125) 

2.0 
(-0.5) 

Fig. 4. Relationship between changes in NK cytotoxicity and 
intensi ty of con juga te  format ion in the NK:TC system in the  
presence of CRP~ in vitro. 

dency toward a similarity between the results ob- 
tained in our NK:TC system with those reported 
for CD16+-enriched lymphocyte populations [5] 
was observable. 

Our results provide the grounds for a funda- 
mentally new concept  of the mechanisms and 
dynamics of NCT-mediated cytolysis. It is likely 
that the unilateral changes in NK activity and the 
number of E:T conjugates formed during recogni- 
tion and binding [2,4,13] represent the mechanism 
of cytotoxicity regulation which is realized by in- 
volving in TC binding or excluding from the 
NK:TC system the entire pool of nonspecific 
lymphocytes capable of forming E:T conjugates due 
to the considerable numbers of adhesion molecules, 
for example, ICAM-1 [13], expressed on their 
surface. This mechanism is ineffective and cannot 
provide for dynamic cytolysis of TC in a nonfrac- 
tionated MNC population, since not only LGL or 
CSD16 § cells [5] but also CD3 § T cells [12], 
which do not mediate natural cytotoxicity, can 
form E:T conjugates. It has been reported that 
after the removal of CD3 § lymphocytes from the 
reaction mixture, the number of MNC:K-562 cell 
conjugates increases, while it returns to the initial 
level after the addition of these cells [12]. 

The control over cytotoxicity exercised by the 
factors modulating the regeneration of CFNK at the 
"lethal blow" stage (CRP and ?-IF) is more im- 
portant and more specific. Dissociation of E:T con- 
jugates formed by inactive lymphocytes which can- 
not generate C F N K  and provide for lysis of TC 
was observed in the presence of CRP and T-IF. 

As a result of dissociation of these "false" 
conjugates, some NCTE cells revert to the initial 
state, the population functionally "approaches" one 

TABLE 4. Variat ion of Rate of Conjugate  Formation in NK:TC System in the Presence of CRP in vitro (M~m) 

P r e p a r a t i o n  Dose ,  To ta l  n u m b e r  o f  % of  conjuga tes  i nc lud ing  1 T C  and  l y m p h o c y t e s  

~ g / m l  E : T  con juga tes  1 2 3 and  m o r e  

C R P  I 0.02 13.89•  26.67---7.28 15.0---2.89 0 - 0  
(n = 12) 5 .83•  1.93 12.5•  5 .0•  0 •  

i iil ::: i iii ii i 0 
2.0 13.89-----4.47 26.67•  15.0•  0 •  

(n = 12) 7 .92•  13.75•  10.0•  0-*-0 

C RP 2 0.02 11.67 •  25 10 0 
( n = 3 )  10.0• 15 15 0 

........................................... ::iii:::: .......................... OL~ ........................ ~t:::~::~ ::~::~ ~ I 3 . 8 9 ~ i ~ 7 ~ t : : : :  ~: ~26i6~i28:::::: .......... ~it:5i:0~2.8~::~ ~ 1  .................. i~i::::0::~0 ................................... 

2.0 13.89---4.47 26.67•  15.0•  0 •  
(n=9)  6 .67•  15.0• 5 .0•  n o t  dot. 

Note.  Upper value  -- control; lower value  - CRP; asterisk indicates values statistically different from the control at p<0.1; 
not  det. -- not  determined; number of E:T conjugates calculated per 100 TC. 
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enriched in CD16 § LGL [5], and the efficiency 
of cytolysis increases considerably. The result of 
the react ion is thus de termined by the factors 
which activate the lytic potential  of NK by gen- 
erating C F N K  but which become involved as early 
as at the stage of recognition and TC binding. 
Interleukin (IL)-I~,  tumor  necrosis factor-~x [14], 
and interleuldn-6 [11] (potent stimulators of NK) 
do not affect the formation of  T:E conjugates, 
confirming that such activity is an intrinsic prop- 
erty of the regulators of C F N K  product ion or of 
the lytic potential  of NK. Fraction A of glyco- 
protein isolated from the K-562 cell membrane 
can dissociate E:T conjugates [17]; however, this 
may represent a variant of  nonspecific protection 
of TC, since incubation of lymphocytes v,~ith TC 
in the presence of this factor reduces NK activity 
by 50-60% [17]. 

Thus, the initial stage of NK-mediated cytoly- 
sis is represented by complex membrane-associated 
processes, including reorganization of the effector 
membrane [1], activation of membrane-bound pro- 
teolytic enzymes in the lymphocyte  [10], and 
transfer of the receptor/antireceptor structures onto 
the surface of  TC [1,9]. The result of the reaction 
is determined not only by the potential of the ef- 
fector but also by the activity of  TC and their re- 
sistance to MNC [17]. Our results may indicate the 
existence of a natural non.specific, but highly selec- 
tive control of  recognition and binding of TC, which is 
exerted by CRP constantly present on the plasma 
membrane of  LGL [3] and by %,-IF produced by 
immune cells during any immune  response. 

Regulation of NK activity and efficacy of TC 
lysis by N C T E  cells are characterized by a cas- 
cade of activating reactions involving IF and CRP 
that maintains the function of the active NK pool 
at a certain level: p re -NK + %,-IF - active NK 

(CRP expression) + TC - effective and ineffec- 
tive E:T conjugates + %,-IF + CRP - dissociation 
of ineffective E:T conjugates - effective E:T con- 
jugates + INF-%, + CRP - lysis of  TC and pro-  
duction of INF-%, in the NK-TC system - recy- 
cling of NK - active NK - the next  lytic cycle. 

REFERENCES 
1. V. A. Kuznetsov, Immunologya, No- 3, 8-13 (1992). 
2. I. Axberg, U. Ramstedt, M. Patarroyo, et al., Scand. J. 

Immunol., 26, N O _ 5, 547-554 (1987). 
3. L. L. Baum, K. K. James, R. R. Glaviano, and H. 

Gewurz, I. Exp. Med., 157, No- 1, 301-307 (1983). 
4. L. Gagnon, M. Girard, A. K. Sullivan, and M. Rola- 

Pleszczynski, Cell. ImmunoL, 110, N_o 2, 243-253 (1987). 
5. P. Garcia-Penarrubia, F. T. Kostler, and A. D. Bankhurst, 

Nat. Immun. Cell Growth Regul., $, No- 2, 57-65 (1989). 
6. T. Haliotis, J. Roder, M. Klein, et aL, ,7. Exp. Med., 151, 

1039-1048 (1980). 
7. W. H. Hamoudi and L. L. Baum, .7. Immunol., 146, N. o 

8, 2873-2878 (1991). 
8. Y. Hashimoto and H. Sudo, Gann., 62, No- 2, 139-143 

(1971). 
9. J. Hiserodt, L. Britvan, and S. Targan, Cell. Immunol., 

83, N_ o 1, 43-51 (1984). 
10. G. Lavie, Z. Leib, and C. Zervadio, Jr. Immunol., 135, 

No- 2, 1470-1476 (1985). 
11. T. A. Luger, J. Krutmann, R. Krinbauer, et al., Ibid., 

143, No- 4, 1206-1209 (1989). 
12. J. Mysliwska, J. Bigda, and A. Mysliwski, Abstr. 8th Int. 

Congr. Immunol., Budapest, Hungary, Aug. 23-28, Springer 
Hungarica, (1992), p. 429. 

13. M. Patarroyo and M. W. Makgoba, Scand. L Immunol., 
30, 129-164 (1989). 

14. Z. Reiter and M. Rubinstein, Cell. ImmunoL, 125, No 2, 
326-336 (1990). 

15. T. P. Sheeran, F. R. Jackson, P. T. Dawes, et al., Y. 
Immunol. Meth., 115, N. o 1, 95-98 (1988), 

16. E. H. Steinhaner, A. T. Doyle, and A. S. Kadish, J. 
Immunol., 135, N~. 1, 294-299 (1985). 

17. S. Targan, J. M. Decker, and E. W. Ades, Nat. Immun. 
Cell Growth Regul., 3, N_ o 3 113-123 (1983-1984). 

18. S. C. Wright and B. Bonavida, Jr. Immunol., 130, No 6, 
2960-2964 (1983). 


