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components increase the sensitivity of platelets to 
ADP by actively interacting with the cell mem- 
brane. This assumption does not contradict the 
findings of other researchers who demonstrated a 
stimulatory effect of peptoglycans of nontoxigenic 
DCB on cultured immune cells in vitro. 

Thus, this study has shown that diphtheria 
toxin, diphtheria anatoxin, and codivac are agents 
that directly affect the functional activity of human 
platelets. In addition, it was found that diphtheria 
toxin and anatoxin reduce ADP-induced and total 

platelet aggregation, the decrease being dependent 
on preparation dose and incubation time. However, 
codivac, a glycopeptide from the cell wall of 
nontoxigenic DCB, stimulates platelet a~gregation in 
all experimental series. 
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The cytotoxic activity of natural killer cells against 3H-uridine-labeled target cells (human 
erythromyeloleukosis cells K-562) and the intensity of spontaneous blast transformation 
are studied in vitro in the presence of human serum T-globulin. It is shown that spon- 
taneous blast transformation is 49-51% due to the presence of aggregated ?-globulin, while 
the aggregate-free y-globulin fraction does not induce this reaction. The cytotoxic activity 
of natural killer cells in vitro declines in the presence of native ~,-globulin, which is 
related to the influence of aggregated y-globulin, the intensity of whose formation may 
increase upon a manyfold decrease in the y-globulin content of the preparation. 
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The receptors for the Fc portion of IgG (FcyR) 
or the CD16 antigens [1], the expression of which 
has been reported on the lymphocyte surface 
[6,9,16,17], are regarded, along with others, as 
potential receptors (structural elements) participat- 
ing in the interaction between natural killer cells 
(NK) and target cells. It is believed that the FcyR- 
III expressed by NK [5], which is similar to the 
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neutrophil  FcTR but different f rom the B-cell 
FcyR [17], is the sole type of receptor providing 
for the antibody-dependent lysis of target cells 
[16]. The Fc3,R of NK (molecular weight 50-70 
kD [9]) mediates the ceU-to-cell contact upon ly- 
sis of antibody-covered target cells [17] and trig- 
gers the formation of NK cytotoxic factor [3]. 

Like most FcyR § cells, activated NK generate 
40-50-kD soluble forms of Fc?R-III  [4,13] that 
can become involved in the natural cytotoxicity 
reaction which is presumed to occur at the early 
stages via the contact and transfer of receptor- 
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Fig. I. Spontaneous LBT in the presence of native preparation 
of human ,/--globulin in healthy donors /n vitro. Here and in 
Fig. 3 the number of observations is indicated in parentheses. 

anti_receptor type structures on the surface of an 
opposite cell [1,8]. It is believed [8] that trypsin- 
sensitive structures transferred from the NK mem- 
brane to the target cell carry out the subsequent 
lysis of the target cells. From this viewpoint, 3'- 
globulin, analogously to the complement receptors 
CR2 and CD21 (acceptors of soluble Fcs R-II, an 
FcTR ligand) [5], can be regarded along with 
fibronectin as a recognizing and/or  recognized 
structure during the interaction between NK and 
target cell [1]. It is known that even after a short- 
term incubation with interleukin-2, up to 90% of 
human N K  start expressing cytophilic IgG, whose 

presence on the effector cell membrane correlates 
with a decrease in natural cytotoxicity and whose 
dissociation leads to an increase m the effective- 
ness of cytolysis [21]. 

The mechanisms underlying the generation of 
soluble FcyR-III by proteolysis on the lymphocyte 
membrane [5] are similar to those providing for the 
formation of enzymaticaUy active R-proteins that 
have an affinity for fibronectin and can participate 
in its cleavage [2]. Both soluble and immobilized 
fibronectin interacts only with aggregated human 3 -̀ 
globulins [18], suggesting the participation of agge- 
gated ~,-globulim in the regulation of the effective- 
ness of NK-mediated cytolysis of target cells at the 
stage of bilateral transfer of the receptor-antireceptor 
complexes between target cells and NK [1] and-the 
stage of polyclonal activation of lymphocytes, which, 
like the generation of soluble FcyR-III, is accom- 
panied by reorganization of the lymphocyte mem- 
brane and redistribution of cell receptors [5,I3]. 

Our objective was to study the intensity of spon- 
taneous lymphocyte blast transformation (LBT) and 
the cytotoxic activity of human NK in the presence 
of y-globulin differing in aggregate content. 

MATERIALS AND METHODS 
Mononuclear cells (MNC) were isolated on a one- 
step FicoU-Paque gradient (Pharmacia Fine Chemi- 
cals) from peripheral venous blood obtained from 
25 donors (10 men and 15 women aged 20-55 
years). Splenocytes were obtained from outbred 
male albino mice weighing 25-36 g (Central  
Breeding Farm of the Russian Academy of Medi- 
cal Sciences). 

3H-thymidine incorporation, cpmxlO 3 

8 T 

:::::::::::::::::::::::: . 

3 i i - ~  I 2 -  i i 

1 - i �9 

0 : I " " 
3" 10 "~ 3" I0 a~ 3" 10 "n 3" 10 "t2 3" 10 "~ 3" 10 "1~ 3" 10 "n 3" 10 -n 

],-globulin dose, M 

Fig. 2. Spontaneous LBT in the presence of aggregated human y-globulin (a) and aggregate--lree T-globulin (b) in healthy 
donors in vitro. The values are the means of 6 determinations. 
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The cytotoxic activity of  NK was determined 
as described [7] using standard human erythromy- 
eloblastoma cells K-562 labeled with 3H-uridine (3 
gCi/ml). Splenocytes and MNC were washed twice 
wi th  double  Eagle's m e d i u m  (400 g, 10 min,  
20~ The ini t ial  suspens ions  con t a ined  107 
splenocytes or MNC and 105 target cells in 1 ml 
complete  growth medium based on RPMI-1640 
(Flow) supplemented with 12% fetal calf serum 
(Flow), 2 m M  glutamine, and 40 gg/ml gentami- 
cin (Pharmachim) on 1 M HEPES buffer (Flow). 
Natural killer cells and target cells (0.1 ml of each 
suspension) were incubated in 96-well round-bot-  
tom microplates for 14 h at 37~ in a humidified 
atmosphere containing 5% CO 2. ,After the incuba- 
tion the ceils were transferred to Whatman fiber- 
glass filters (2.5 rt pore diameter). The residual ra- 
dioactivity was measured in a Mark-II or Packard 
scintillation 13-counter. The cytotoxicity index for 
each of 2 or 3 parallel wells with effector:target ra- 
tios 100:1, 50:1, 25:1, and  12:1 was calculated 
from a formula [7]�9 The area under the cytotox- 
icity curve, calculated by a method described else- 
where [19] and expressed in arbitrary units (arb. 
units), was used in the figures and tables as an 
integral parameter characterizing NK activity�9 

In the reaction of spontaneous LBT, 0.2 ml of 
MNC suspension (106 cells/ml complete growth 
medium) and ~H-thymidine (10 rtCi/ml) were in- 
cubated for 18 h at 37~ in a humidified atmosp- 
here containing 5% CO r After the incubation, tran- 
sfer to fiberglass filters and measurement of residual 
radioactivity were performed as described above. 

Huma n  serum 7-globulin (Serva, dose range 
3• -9 - 3• -13 M) was added to the MNC sus- 
pension immediately before transfer of the cells to 
the microplate wells with subsequent incubation 
during the course of the c ~ t o x i c i t y  or spontane- 
ous blast transformation reaction for 14 and 18 h, 
respectively. For fractionation the 7-globulin prepa- 
ration was centrifuged in a bucket rotor for 2 h 
at 20~ at 105,000 g. The upper two-thirds of the 
supernatant were used as the aggregate-free 7-globu - 
lin fraction�9 The lower third contained aggregated 
7-globulin. 

The results were statistically analyzed using 
Student 's  t test; correlation coefficients (p) were 
calculated after Spearman. 
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Fig. 3. C h a n g e s  in the  cy to tox ic  ac t iv i ty  of NK in  the  
presence of native preparation of human 7 - g l o b u l i n  in hea l thy  
d o n o r s  in vitro. One  as te r i sk  ind ica t e s  va lues  s ign i f i can t ly  
different from the control at p<0.02, two asterisks at p<0.001. 
NK activity, arb. uni ts  

the effect is described by a bell-shaped curve. A 
commensurate, statistically significant stimulation of 
3H-thymidine incorporation in the lymphocytes was 
observed under the influence of the minimal and 
maximal doses of 7-globulin. Label incorporation 
increased from 4.0+0.52x103 to 5.9+0.50x103 cpm 
(49%) in the presence of 3• -9 M 7-globulin, 
while in the presence of 3• q2 M it increased to 
5.9+0.87x103 cpm (51%) (Fig. 1). In intermediate 
doses the preparation had no effect on spontaneous 
LBT. However, whereas in the presence of 3• -1~ 
M 7-globulin the relationship between the effect of 
the preparation and the initial level of spontaneous 
LBT was weak and negative (p = -0.23), i.e., virtu- 
ally absent, at 3x10 -n M this relationship was strong 
and positive (p = 0.75), which indicates the ability of 
7-globulin to maintain under certain conditions the 
previously initiated LBT without any effect on the 
initiation of blast transformation per se. 

Aggregation of 7-globulin and separation of the 
aggregate-free fraction reveal considerable differences 

TABLE 1. Individual Parameters  of Spontaneous  LBT and  NK 
Activi ty of MNC in Heal thy Donors in Vitro 

3 H _ t h y m i d i n e  I N K  ac t i v i t y ,  
i n c o r p o r a t i o n ,  c p m  ' arb.  u n i t s  
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of the protein, stimulates spontaneous LBT healthy / : :  1746 

donor  in vitro (Fig. 1). The dose dependence of 2073 
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TABLE 2. Individual  Parameters  of Spontaneous  LBT and 
NK-Act iv i ty  of Murine Splenocytes in V~tro 

3H-thymidine NK activity, 
incorporation, cpm arb. units 

1706 2456.3 
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in the effect of their presence in the MN C sus- 
pension on spontaneous LBT (Fig. 2). Aggregated 
7-globulin (3x10 -9 M) stimulated in vitro LBT in 
healthy donors, increasing ~H-thymidine incorpo-  
ration f rom 4.2+0.58• to 5.9+0.74• cpm 
(by 43%, Fig. 2, a), which corresponded to the 
action of the same dose of native preparation con- 
tainmg monomeric 7-globulin (Fig. 1). Upon  sub- 
sequent dilution the effect was lost, while at 3• -n 
M label incorporation in MNC was reduced to 
3.2+0.36• cpm, i.e., by 23% (Fig. 2, a). In  
contrast to native 7-globulin preparations (Fig. 1), 
aggregate-free 7-globulin fraction added to the 
MNC suspension in the maximum concentrat ion 
(3x10 -9 M) had no effect on spontaneous LBT 
(Fig. 2, b). A tendency toward the inhibition of 
LBT (label incorporation decreased to 3.3+0.73• ~ 
cpm or by 20%) was observed in the presence of 
3• "~~ M aggregate-free 7-globulin. When added in 
a dose of 3x10 ~2 M, aggregate-free 7-globuhn 
stimulated in vitro spontaneous LBT in patients, 
increasing 3H-thymidme incorporation into MNC to 
5.5+1.41• cpm (33%, Fig. 2, b), which corre- 
sponded to the effect of  the same dose of  native 
7-globulin (Fig. 1). 

From the comparison of changes in the level 
of spontaneous LBT occurring in the presence of 
aggregated and aggregate-free human  7-globulin 

-preparation in the M N C  suspension (Fig. 2) with 
stimulation of LBT by native 7-globulin (bearing 
in mind  that  native prepara t ion  contains both  
monomers  and aggregates of 7-globulin formed as 

a result of spontaneous  aggregation) it can be 
concluded that aggregated 7-globulin stimulates in 
vitro spontaneous blast transformation of lympho- 
cytes isolated from the blood of healthy donors. 
Most likely it stimulates spontaneous LBT in the 
presence of aggregate-free fractions, since a 1000- 
fold dilution of the preparation e-auses an increase 
in the intensity of  spontaneous aggregation. Con- 
sequently, the 7-globulin dose effectively stimulat- 
ing LBT cannot be regarded as aggregate-free, all 
the more so that its influence is comparable to 
that elicited by the effective dose of aggregated 
protein (Fig. 2). 

However, if in the presence of  aggregated 7- 
globulin there occurs a nonspecific polyclonal sti- 
mulation of MNC transformation into blast forms 
losing their specific functional activity, the highly 
differentiated activities of lymphocytes, including 
the cytotoxicity of  NK, must be inhibited under 
similar conditions. The correlat ion between the 
baseline level of NK cytotoxicity in the suspension 
of donor MNC and the background activity was 
weak and positive: the correlation coefficient cal- 
culated from Table 1 was equal to 0.29. Similarly, 
the relationship between the corresponding param- 
eters in the murine splenocyte suspension is char- 
acterized by p =  0.21 (Table 2), indicating that 
normal human and murine lymphocytes function 
at a level that determines an equally probable re- 
alization of highly differentiated function or non- 
specific activation toward polyclonal transformation, 
depending on the inducing signal. 

In the presence of native human 7-globulin in 
a dose of 3• -9 M the in vitro cytotoxic activity 
of NK of healthy donors did not change, while in 
the presence of 3• -~~ and 3• -~1 M 7-globulin 
it tended to decrease (Fig. 3). At a 7-globulin 
concentrat ion of 3• ~2 M, which  significantly 
stimulated spontaneous LBT (Fig. 1), NK inhibi- 
tion manifested itself in an activity decline from 
4205+458 to 2553+129 arb. units (by 40%) and 
became statistically significant (2<0.02, Fig. 3). A 
further 10-fold dilution of the preparation (to a 
concentration of 3• -13 M), together with the ex- 
pected increase in the spontaneous aggregation, led 
to a further decrease in NK activity to 2000+31 
arb. units (53%) compared with the initial value 
(p<0.001, Fig. 3). It is noteworthy that the effects 
of 7-globulin observed at doses of  3• -9, 3• -~~ 
and 3• -11 M, unlike its effect on spontaneous 
LBT in the MNC suspension, were not associated 
with the initial NK activity of MNC: the p values 
were -0.09, 0.02, and 0.1, respectively. This indi- 
cates the effect of  7-globulin on MNC with ini- 
tially high and low NK activity. 
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A statistically significant inhibition of NK cy- 
totoxicity due to a direct effect of NK on FcTR 
effectors was observed in experiments with mono- 
meric IgG~ and IgG 3 [20]. A still more pro- 
nounced dose-dependent decrease in the NK ac- 
tivity of lymphocytes associated with the blockade 
of their Fc~tR was recorded under the influence of 
polyclonal IgM [15]. Monoclonal IgM proved to 
elicit a lower effect, while Fc~t fragments were 
more active than Fab fragments [15], which, on 
the contrary, can nonspecifically stimulate the 
immune response [12]. In a dose of 0.5 mg/ml, 
which is only one order of magnitude different 
from the plasma IgG content and is comparable 
to the IgM content, native IgG and IgM have no 
effect on N K  activity [11]. This is consistent with 
the premise, based on our results, that FcR ex- 
pressed on the MNC membrane at a low density 
[6,9] are saturated even at microgram concentra- 
tions o f  ?-.globulin (Fig. 3). The induct ion of 
interleukin-6 production by aggregated (but not 
monomeric) IgG and Fc fragments may be an 
additional factor maintaining the baseline level of 
NK activity in the presence of aggregated IgG and 
Fc fragments [14]. 

On the other hand, increased lysis of most 
NK-sensitive target cells (including the relatively 
resistant Daudi cells) by anti-FcR monoclonal anti- 
bodies of the IgG class [10] implies a possible in- 
voNement of IgG in the cytotoxic interaction be- 
tween NK and the target cells, which at certain 
stages proceeds along the lines of the intermembmne 
exchange pattern [1]. They can function as recog- 
nized and recognizing structures similarly, to a cer- 
tain degree, to fibronectin [1] interacting with ag- 

gregated protein [18], which emerges as a factor 
restricting the cytotoxic reaction probably via stimu- 
lation of LBT. 
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