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The ability of human monoclonal IgG 1 to accelerate the clearance of rhesus-positive erythro- 
cytes in rhesus-negative volunteers does not correlate with their immunosuppressive effect. 
Monoclonal antibodies G-17 weakly accelerated the clearance, but decreased the incidence 
of sensitization, while G-7 and G-12 antobodies eliminated 80-100% erythrocytes for 7 days, 
and used in combination, these antibodies eliminated all erythrocytes within 3 days. G-7 an- 
tibodies stimulated immune response in all doses, while G-12 antibodies stimulated anti- 
rhesus response in a dose of 600 pg and notably decreased it in a dose of 1200-1800 ~tg. 
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Injections of anti-rhesus immunoglobulin to a rhesus- 
negative ( R h )  woman within 3 days after delivery of 
a rhesus-positive (Rh +) child 5-10-fold decreases the 
probability of rhesus sensitization and newborn hemo- 
lytic disease in subsequent pregnancies [3,8]. The mech- 
anism of prevention of immunization with passive 
anti-Rh antibodies is unclear. It is believed that the 
preventive effect depends on the rate of  elimination of 
Rh + erythrocytes (ER) from the circulation and their 
destruction in the spleen. Experimental findings indi- 
cate that immune response can be effectively sup- 
pressed only when the dose of anti-Rh immunoglobu- 
lin is sufficient for ER clearance within 5-8 days [5]. 
Anti-Rh are virtually unavailable, and we investigated 
the possibility of using monoclonal antibodies (MAb) 
and established criteria for their evaluation, 
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In vitro capacity of anti-Rh MAb to bind ER an- 
tigenic determinants and lyse ER the antibody-depen- 
dent cytolytic reaction do not correlate with their capa- 
city to accelerate clearance of Rh+-ER from circulation 
[1], We studied Rh+-ER clearance in Rh-  volunteers 
under the effect of four anti-RhD MAb and the devel- 
opment of anti-Rh immune response. MAb with the 
same in vitro activity considerably differ in their ca- 
pacity to accelerate the clearance of non=sensitized 
Rh+-ER. Rapid clearance of ER from circulation not 
always prevented anti-Rh immune response. 

MATERIALS AND METHODS 

Four IgG1 MAb (G-7, G-12, G-17, and G-48) pro- 
duced by heterohybridomas were isolated and purified 
by affinity chromatography [1] and tested routinely. 
The concentration of MAb was evaluated by measur- 
ing protein content according to Bradford and by the 
titer of anti-Rh antibodies (WHO standard). The fol- 
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lowing polyclonal antibodies (PAb) were used: anti- 
Rh immunoglobulin for intravenous injections (LFB, 
lot 54050091) and anti-Rh immunoglobulin for intra- 
muscular injections (SPK GMU, Russia, lot 061197). 

Defrosted washed AB0-identified Rh+-ER (5 or 
15 ml) were intravenously injected to Rh--recipients. 
Blood was collected after 10-15 rain and the test anti- 
bodies were injected (80-120 ~tg per ml ER suspen- 
sion). Two groups of recipients received antibodies 1 
day before ER. Blood samples were collected after 1, 
3, and 7 days, in some recipients after 14 days or 1-3 
months. The content of Rh+-ER in the blood was eva- 
luated by indirect immunofluorescence and flow cyto- 
metry on EPICS-C device (Coultronics). ER were stai- 
ned with G-17 MAb and then with FITC-labeled Fab- 
fragments of goat anti-human IgG (Jackson IR Lab.). 
Blood collected before injection of Rh+-ER served as 
the negative control. The content of  Rh+-ER in the 
blood before injection of anti-Rh antibodies was tak- 
en as 100%. The number of anti-RhD molecules in 
vivo bound to Rh+-ER and the maximal saturation of 
various ER phenotypes with MAb was calculated by 
the formula: 

MMAb=MpAb X 10 0"01172(Ch2"chl), 

where mpA b is the known number of Rh determinants 
on Rh+-ER detected by PAb [9] and Ch2 and Chl are 
mean values of fluorescence channels on 256-channel 
histograms for positive PAb and MAb peaks, respec- 
tively. Anti-Rh PAb recognized 12,200 (9900-14600) 
sites on DCe/dce ER and 27,000 (23000-31000) sites 
on DCe/DcE ER [9]. These values were used to esti- 
mate the number of binding sites for MAb. 

Immune anti-Rh antibodies in the sera were ti- 
tered by indirect Coombs' test using a standard ER 
panel. 

RESULTS 

The number of antigenic determinants detected in vitro 
by different antigens on the surface of  Rh+-ER with 
phenotypes DCe/dce and DCe/DcE is shown in Tab- 
le 1. G-17 MAb was not inferior to PAb, while other 
MAb detected 1.25-2.31 times less RhD epitopes (Ta- 
ble 1). Only for G-17 MAb in vivo and ex vivo bin- 
ding with ER was similar. Other MAb bound no more 
than 30% antigenic determinants under conditions of 
excess of antibodies in the serum (data not presented). 

The kinetics of Rh+-ER clearance from circulation 
after injection of MAb is presented on Fig. 1. Clear- 
ance of Rh+-ER under the effect of  anti-Rh PAb served 
as the control (Fig. 1). MAb differed by their capacity 
to accelerate ER clearance, the rate of  clearance did 
not directly depend on ER saturation with antibodies. 
G-17 MAb did not accelerate ER clearance in 4 of 6 

TABLE 1. Number of Antigenic Determinants Detectable by 
MAb and PAb on Rh-Homo- and Heterozygotic Erythrocytes 

Antibodies/ PAb 
ER G-7 

DCe/DcE 27,000 21,600 

DCe/dce 12,200 8000 

MAb 

G-12 G-17 

21,200 29,100 

7300 11,600 

G-48 

14,700 

5300 

volunteers (Fig. 1, a), and sensitized ER were detec- 
ted in the blood after 1-3 months, i. e., their half-life 
(60 days) corresponded to that of native ER [10]. G-7 
and G-12 MAb were most active (Fig. 1, b, c), their 
1 : 1 mixture ensured complete clearance of ER within 
3 days (Fig. 1, c). G-48 MAb accelerated ER clear- 
ance, but 20-50% Rh+-ER were still present in the 
blood after 2 weeks (Fig. 1, d). Complete clearance 
within 2-6 days was observed in volunteers injected 
with antibodies 1 day before ER (Fig. 1, e). This ex- 
perimental scheme gave similar results with BRAD-5 
and BRAD-3 anti-RhD MAb [7]. Apparently, the in- 
teraction of preinjected antibodies with washed ER 
facilitated their absorption and ensured high density of 
anti-Rh on ER, which promoted their complete clear- 
ance. However, this artificial situation does not char- 
acterize true activity of antibodies and cannot be real- 
ized under clinical conditions, when immunoglobulin 
is always injected after penetration of fetal ER into 
maternal circulation. 

Intramuscular injection of PAb and MAb acceler- 
ated the clearance of ER but with a 1-day delay (Fig. 
1, J) due to later entry of antibodies into circulation 
and 2-fold lower concentration in the blood. Similar 
results were reported previonsly [4]. 

Different MAb differently affected anti-Rh re- 
sponse (Table 2). After single injection of 5-15 ml 
Rh+-ER to Rh- volunteers, antibodies were detected 
in 50% subjects [2,8,12]. The incidence of immuniza- 
tion was lower in recipients injected with G-17: im- 
mune antibodies were detected in 1 of 6 volunteers 
(16%). No response was observed in recipients Nos. 
5-8, in whom ER clearance was not accelerated. These 
results remind previously declined hypothesis that di- 
rect blockade of  antigen by antibodies can abolish 
immune response [2,11 ]. After injection of G- 12 MAb 
in a dose of 1200-1800 ~tg/15 ml Rh+-ER (recipients 
Nos. 9-11, 18, and 19), antibodies were detected in 
only 1 recipient (20%), but 4 of 5 volunteers- (80%) 
injected with 600 ~tg G-12 MAb and 5 ml Rh+-ER (re- 
cipients 20, 21, and 25-27) produced anti-Rh antibod- 
ies after 4-5 months. Hence, the effect of G-12 MAb 
depends on their final concentration in the serum, but 
not on the dose of Rh§ per ml, in contrast to PAb, 
whose preventive dose is 20 ~tg/ml ER. 
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Anti-RhD PAb in low doses are known to stimu- 
late the immune response [11]. It seems that we ob- 
served the same effect  with G-12 MAb. PAb in a dose 
of  100-300 lag prevent  [3] and in a dose of  10 lag stim- 
ulate the immune response. For G-12 MAb the pre- 

ventive dose was 1200o 1800 lag, while 600 lag stimu- 
lated the response, though the volume of  injected Rh +- 
ER was proportionally decreased. After injections of  
G-48 and G-7 MAb immunization was noted in 75 and 
71% subjects, respectively. In contrast to G-12 MAb, 

TABLE 2. Detection of Immune Anti-Rh Antibodies in Rh-  Volunteers at Various Terms after In 

Injected antibodies, route and dose 

G-48, 1200 pg intravenously 

G-17, 1200 lag intravenously 

G- 12, 1200 tJg intravenously 

G- 12+G-48, 600+600 IJg intravenously 

G-7*, 1200 pg intravenously 

G-12", 1800 IJg intravenously 

G-12, 600 pg intravenously 

G-7, 600 lag intravenously 

G-7+G-12, 300+300 IJg intravenously 

G-12, 600 tag intramuscularly 

PAb, 200 lag intramuscularly 

Phenotype and 
dose of injected 

Rh*ER 

DcE/dce, 15 ml 

DCe/dce, 15 ml 

DCe/dce, 15 ml 

DCe/DcE, 15 ml 

DCe/DCe, 15 ml 

DCe/DCe, 15 ml 

DCe/DcE, 5 ml 

DCe/DCe, 5 ml 

DCe/DcE, 5 ml 

DCe/DcE, 5 ml 

DCe/DCe, 5 ml 

DCe/DCe, 5 ml 

No. of 
volunteer 

1 3 

2 4 

3 6 

4 3 

5 6 

6 6 

7 6 

8 5.5 

36 4 

37 4 

9 6 

10 6 

11 6 

12 5 

13 6 

14 3 

15 2 

16 1.5 

17 6 

18 6 

19 6 

20 5.5 

21 4 

25 4 

26 6 

27 5 

22 2 

23 5 

24 2 

28 1 

29 2 

31 1.5 

32 5.5 

33 1.5 

34 5 

35 4.5 

Period after 
injection, 
months** 

ection of Rh § ER and MAb 

Titer of anti-Rh antibodies 

direct 
IgM 

1:2 

1 

1:4 

1:2 

1:2 

1:16 

1 

1:8 

1 

1:8 

1:16 

1:16 

1:64 

Coombs' 
test 

1:32 

1:32 

1:16 

1:4 

1:16 

1:32 

1:16 

1:16 

1:16 

1:32 

1:2 

1:2 

1:16 

1:32 

1:16 

1:16 

1:32 

1:8 

Note. *MAb were injected 1 day before ER; ** time when immune antibodies were detected for the first time; if no antibodies were detected, the 
time of the last analysis is shown. 
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Fig, 1. Clearance of rhesus-positive erythrocytes (Rh* ER) from circulation of rhesus-negative recipients under the effect of mono- and polyclonal 
anti-rhesus antibodies. Ordinates: percentage of circulating Rh § ER (Rh § ER content in the blood before injection of the antibodies is taken as 
100%); abscissa: time after injection of antibodies, days. Bold lines: ER clearance in volunteers who later developed anti-rhesus antibodies, a) 
G-17 MAb, 1200 pg+ER, 15 ml; b) G-12 MAb, 600 pg+ER, 5 ml (for recipients Nos. 20, 21, 25-27); G-12, 1200 pg+ER, 15 ml (for recipients 
Nos. 9-11 ); c) G-7 MAb, 600 pg+ER, 5 ml (for volunteers Nos. 22-24); G-7+G-12, 600 pg+ER, 5 ml (for volunteers Nos. 29-31 );d) G-48 MAb, 
1200 pg+ER, 15 ml; e) G-7 MAb, 1200 pg+ER, 15 ml (for volunteers Nos. 15-17); G-12, 1800 pg+ER, 15 ml (for volunteers Nos. 18 and 19) 
before ER; f) G-12 MAb, 600 pg+ER, 15 ml (for volunteers Nos. 32 and 33); polyclonal antibodies intramuscularly, 1000 IU+ER {for volunteers 
Nos. 34 and 35). Figures near curves are numbers of volunteers. 
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the effect of  G-7 MAb was dose-independent. The 
highest in our study titers of  anti-Rh IgM and IgG 1- 
2 months after immunization were observed in sub- 
jects injected with a mixture of  G-7 and G-12 MAb, 
causing the most rapid clearance of ER. It is surpri- 
sing that in absolutely different groups answering by 
attenuation or stimulation of  immune response, ER 
clearance was sharply accelerated in all cases. 

Previously we demonstrated different behavior of  
anti-Rh MAb in vitro in antibody-dependent cytolysis 
and in vivo during acceleration of the clearance of  au- 
tologous and allogenic Rh+-ER [1]. Our findings indi- 
cate that rapid clearance of  Rh+-ER is the decisive 
condition for preventing sensitization, while blockade 
of immune response cannot be explained only by de- 
struction of the antigen in the spleen. It has been re- 
cently shown that binding of  antibody Fc-fragments to 
Fc-receptors on effector cells can stimulate the acti- 
vating or inhibitory modulus of  the antigen. These 
modules represent thyrosine-rich cytoplasmic sequenc- 
es of the Fc-receptor, responsible for stimulation or 
blocking of  the immune response [6]. Activation of  
this or that modulus depends on the conformation and 
number of  antibodies on the cell membrane, their dis- 
tribution, etc. Different anti-RhD antibodies can be 
specifically recognized by this system irrespective of  
their in vitro activity and effects on ER clearance. Fur- 
ther studies of  G-12 and G-7 MAb will help to eluci- 

date the mechanisms of  blockade of the immune re- 
sponse. 
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