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In the fluid mosaic model of the mamma- 
lian cell membrane (1) HL-A antigens, 
which are protein in nature, are mobile 
structures embedded in lipid bilayers. In 
fact, after human lymphoid cells were re- 
acted with specific alloantibodies, HL-A an- 
tigens moved from a homogeneous distribu- 
tion to form discrete aggregates or caps on 
the cell’s surface (2). In such experiments, 
HL-A antigens were not associated with 
immunoglobulins (3) but were closely 
linked to ~2-microglobulins on the cell sur- 
face (4). Therefore, the spatial and molecu- 
lar relationships of HL-A determinants to 
other cell surface structures are under active 
investigation to define the architecture of 
cell membranes and the role of HL-A in it. 
In the present study we have coated periph- 
eral human lymphocytes with HL-A anti- 
bodies to investigate their influence on ro- 
sette formation with sheep red blood cells 
(S RB C) . 

Materials and methods. Human peripheral 
lymphocytes. Heparinized peripheral blood 
was taken from healthy subjects with known 
HL-A phenotypes and lymphocytes were 
isolated by differential centrifugation on Fi- 
coll-Isopaque gradient (5). 

Cultured human lymphoid cells. Cell lines 
RPMI 1788 and RPMI 4098 were perpetu- 
ated in medium RPMI 1640 containing 
10% fetal calf serum. The culture flasks 
were rotated continuously on a platform 
shaker. Cell viability was assessed by the 
uptake of trypan blue. Before use, cells were 
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washed 3 x with Hanks’ balanced salt solu- 
tion (HBSS). 

Antisera. HL-A alloantisera were ob- 
tained from the serum bank at the National 
Institute of Allergy and Infectious Diseases 
and from the laboratories of Drs. R. Cep- 
pellini, R. Payne, and P. I. Terasaki. All of 
the sera had been frozen and thawed several 
times. A goat anti-human y-globulin serum 
was a gift from Dr. H. Spiegelberg, Scripps 
Clinic and Research Foundation. IgG were 
obtained from an anti-HL-A5 alloantiserum 
(“VICTOR”) by 15 % Na2S0, precipitation 
and QAE-Sephadex (A-50) column (6). 
Fluorescein is0 thiocy anat e (F1TC)-con j u- 
gated IgG was prepared as described by 
Goldman (7). 

Complement. Rabbit serum deficient in 
the sixth complement component (C6) and 
guinea pig serum deficient in the fourth 
complement component (C4) were obtained 
from animals with genetic C6 and C4 defi- 
ciencies. Rabbit complement (5 vol) was 
absorbed with 1 vol of packed, washed, cul- 
tured human lymphoid cells by incubation at 
4” for 60 min with mixing at 10-min inter- 
vals. In order to reduce loss of complement 
activity the absorption of rabbit serum was 
performed in the absence of free divalent 
cations (8). Neutralized EDTA (disodium 
e t h ylenediamine t e t race t at e, Mallinc krodt 
Chemical Works, St. Louis, Mo.) or EGTA 
(ethyleneglycol-bis p-aminoethyl ether N, 
N’-tetracetic acid, Calbiochem, La Jolla, 
Calif.) were added to complement to a final 
concentration of 10 mM to chelate magne- 
sium and calcium or calcium alone, respec- 
tively. 

Microcytotoxicity and microabsorption 
tests were performed as previously described 

Rosette formation. This test was per- 
(9, 10). 
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formed as described by Jondal et al. (11) 
and Froland (12) with modifications (5): 
briefly, 25 pl of a lymphocyte suspension (2 
x lo6 cells/ml) was mixed with 25 pl of a 
1% suspension of SRBC in a Fisher tube, 
centrifuged at 500g for 1 min (Fisher centri- 
fuge), and then incubated at 4" for up to 20 
hr. The cell pellets were resuspended by 
gently tapping the tubes, and a minimum of 
200 lymphocytes was counted in a hemocy- 
tometer. Lymphocytes were counted as ro- 
sette positive if three or more SRBC ad- 
hered to them. The percentage of dead lym- 
phocytes was determined by trypan blue ex- 
clusion. 

When HL-A alloantisera with or without 
the addition of complement or of anti-hu- 
man y-globulin serum were evaluated for 
inhibition of rosette formation, packed lym- 
phocytes (1 x lo5 cells) were incubated with 
50 pl of serum for 60 min at room tempera- 
ture, then washed twice with HBSS and 
either utilized directly for the rosette forma- 
tion test or incubated with serum that was 
the source of complement, with anti-human 
y-globulin serum, or with HBSS. For the 
former procedure, 75 pl of either comple- 
ment, anti-human y-globulin serum or 
HBSS was added to the lymphocytes, and 
after 30 min of incubation at room tempera- 
ture, cells were washed twice with HBSS 
and then mixed with SRBC. 

Results. Human peripheral lymphocytes 
sensitized with HL-A alloantisera were per- 
fectly capable of forming rosettes with 
SRBC even after incubation with anti-hu- 
man y-globulin serum (Table I). In contrast, 
the addition of C6 deficient rabbit serum to 
HPL sensitized with HL-A alloantisera in- 
hibited this reaction (Table I). C6 deficient 
rabbit serum was chosen as a source of com- 
plement because it does not lyse HL-A anti- 
body coated lymphocytes, since only viable 
human T lymphoid cells can form rosettes 
with SRBC. Previous studies have shown 
that immune lysis of nucleated cells like that 
of red blood cells requires activation of 
complement components Cl-C9 (8). That 
the inhibition of rosette formation was 
caused by HL-A alloantibodies is shown by 
the fact that only HL-A alloantisera di- 
rected against determinants present on T 
human lymphocytes used in a given assay 

TABLE I. BLOCKING BY C6 DEFICIENT RABBIT SERUM 
(C6RS) OF ROSEITE FORMATION BETWEEN SRBC" AND 

HUMAN PERIPHERAL LYMPHOCYTES (M.P.:HL-A 
2.5.1 2) SENSITIZED WITH HL-A ALLOANTISERA. 

First Second incubation with with 

HL-A Ro- HBSSb aHuIg C6RS 
(% Rosettes) Alloantis- Speci- settes 

erum ficity (%) 

- - 69 71 68  71 
Eriksson 2 75 77 76 0 
Victor 5 69 69 73 0 
Jackson 7 70 70 65 70 
Daines 12 69  70 65 2 

a Sheep red blood cells. 
Hanks' balanced salt solution. 
No capping was observed under these experimen- 

tal conditions, when a FITC-aHuIg was used. 

could inhibit the rosette formation in con- 
junction with C6 deficient rabbit serum (Ta- 
ble 11). 

Furthermore, when HL-A alloantibodies 
were specifically absorbed with cultured hu- 
man lymphoid cells bearing the correspond- 
ing HL-A specificities, they lost their ability 
to block rosette formation in conjunction 
with C6 deficient rabbit serum (Table 111). 

The titer of inhibitor activity of HL-A 
alloantisera was significantly lower than the 
titer of cytotoxic activity with rabbit com- 
plement in the lymphocytotoxicity test (Fig. 
1) as already observed with anti-human 
lymphocyte sera (13). As a matter of fact, 
HL-A alloantisera of low cytotoxic titer did 
not inhibit rosette formation at all. The ne- 
cessity for complement in the inhibition of 
rosette formation is indicated by the loss of 
this effect when C6 deficient rabbit serum is 
treated to inactivate the complement sys- 
tem, such as by heating at 56" for 30 min or 
by adding EDTA (Table IV). The natural 
antibodies present in rabbit serum (8) and 
directed to a polymorphic antigenic system 
represented on human lymphoid cells (14) 
do not play any role in the inhibition of the 
rosette formation since absorption of such 
antibodies from C6 deficient rabbit serum 
did not effect the results (Table IV). 

To determine whether the classical or the 
alternate pathway of the complement sys- 
tem is involved in the inhibition of rosette 
formation, C6 deficient rabbit serum was 
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TABLE 11. CORRELATION BETWEEN CYTOTOXIC ACTIVITY AND BLOCKING OF ROSETTE FORMATION BY HL-A 
ALLOANTISERA 

Cells 

HL-A spec- M.P. (2, 5, A.C. (1, 8, A.P. (2, 9, 
C.S. (1, 3) All oan tiserum ificit y Test 1 2) 7) 5 )  

+ 
+ 

- Gaulier 1 (2 -b +b  

BC 
Eriksson 2 C + 

B + 
Storm 3 C 

B 
Grubisch 9 C 

B 
Victor 5 C + 

B + 
Jackson 7 C 

B 
Wille t 8 C 

B 
Daines 12 C + 

B + 
a Cells incubated with alloantisera and normal rabbit serum. 

- + - 
- + 

+ 
- 

- - 
+ 
+ 

- - - 
- - - 

- + 
+ 
+ 
+ 

- - 
- - - 
- - 
- - 

- - + 
+ 
+ 
+ 

- 
- - - 
- - - 
- - - 
- - - 
- - - 

- and + symbols indicate positive or negative cytotoxic reaction (Test C) and blocking or not of the rosette 

Cells incubated with alloantisera and C6 deficient rabbit serum. 
formation (Test B). 

TABLE III. ROSETTE FORMATION BETWEEN SRBCa 
AND HUMAN PERIPHERAL LYMPHOCYTES (A.P.:HL-A 2, 
9, 5 )  SENSITIZED WITH ANTI-HL-A2 SERUM ABSORBED 

WITH HL-A2 (+) OR HL-A2 (-) CELLS. 
~~~ 

Second incuba- 
tion First incubation 

Alloanti- 
serum Absorbed with HBSS C6RS 

- - 74 70 
Eri ksson - 72 2 
(HL-A2) 
Eriksson RPMI-4098 70 0 
(HL-A2) (HL-A3, W28) 
Eriksson RPMI-1788 73 72 
(HL-A2) (HL-A2.10,7,14) 

a Sheep red blood cells. 

added with EGTA (final concentration 10 
mM) and Mg2+ (final concentration 1 x 

M) (15). Unlike EDTA which binds 
both Ca2+ and Mg2+, EGTA chelates pri- 
marily CA2+ which is not required for alter- 
nate complement function (15). When rab- 
bit serum was treated with EGTA, rosette 
formation was not inhibited, indicating that 
the classical pathway mediates inhibition 
(Table IV). This conclusion is reinforced by 
the inability of C4 deficient guinea pig se- 
rum to block the rosette formation in con- 
junction with HL-A alloantisera (Table IV). 

I 
1 2 4 8 16 32 64 128 

Al lotnt iserum Oilut ionr [Reciprocal]  

FIG. 1. Comparison between cytolysis (0-0) 
and rosette inhibition ( G O )  of HL-A alloantise- 
rum VICTOR. In the cytotoxicity test, normal human 
lymphocytes were incubated with alloantiserum and 
normal rabbit serum. In the rosette inhibition test the 
cells were incubated with alloantiserum and C6 defi- 
cient rabbit serum. 

In order to determine whether the inhibi- 
tion of rosette formation, caused by HL-A 
alloan tisera and complement components, 
occurs because of capping of HL-A anti- 
gens, human lymphocytes sensitized with 
FITC-HL-A-antibodies and C6 deficient 
rabbit serum, were examined for capping of 
HL-A antigens. Under our experimental 
conditions no capping of HL-A antigens on 
the cell surface was observed. 
Discussion. The present experiments indi- 

cated that HL-A alloantibodies and the 
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TABLE IV. INVOLVEMENT OF THE CLASSICAL PATHWAY OF THE COMPLEMENT SYSTEM IN THE BLOCKING OF 
ROSE-ITE FORMATION BETWEEN SRB@ AND HUMAN PERIPHERAL LYMPHOCYTES (M.P.: HL-A 2, 5,  12) SENSITIZED 

W I M  HL-A ALLOANTISERA. 

Second reagent 

C6RS C6 RS C6 RS C6RS' 
First reagent (EDTA (EGTA (56", 30 (ab- 

(EDTA 10 mM) HBSS C6RSb 10 mM) 10 mM) min) sorbed) C4GP 

HBSS 7 2' 68 70 61 69 72 67 
Eriksson (HL-A2) 78 0 65 68 64 3 69 
Victor (HL-AS) 70 4 67 72 65 3 70 

Sheep red blood cells. 
C6 deficient rabbit serum. 
C6RS absorbed with cultured human lymphoid cells in presence of EDTA. 
C4 deficient guinea pig serum. 
' Numbers indicate percentage rosettes. 

early components of the complement system 
inhibited the formation of rosettes with 
SRBC. This inhibition occurred through the 
activation of the complement's classical 
pathway since binding of calcium or defi- 
ciency of one of the essential components 
selectively excluded inhibition. These re- 
sults agree with our previous finding that 
HL-A alloantibodies can activate either the 
classical or alternate pathway of human 
complement, but only the classical pathway 
of rabbit and guinea pig complement (16, 
17). The involvement of HL-A alloantibod- 
ies is clearly indicated by correlation be- 
tween HL-A phenotype of lymphocytes and 
HL-A specificity of alloantisera and by lack 
of blocking activity of these sera once they 
were absorbed with cultured human lymph- 
oid cells bearing the corresponding HL-A 
specificities. 

Several explanations can be put forward 
for the inhibitory effects of HL-A antibod- 
ies and early complement components on 
rosette formation: (a) Inhibition might be 
caused by killing of lymphocytes; however, 
this seems unlikely because C6 deficient 
rabbit complement cannot by itself sustain 
killing of lymphocytes sensitized with HL-A 
alloantibodies, as shown by trypan blue up- 
take. (b) HL-A antigens are closely posi- 
tioned to receptors for SRBC and, thus, the 
antibodies together with complement com- 
ponents could sterically hinder binding of 
SRBC. (c) The binding of HL-A alloanti- 
bodies and complement components to the 
lymphocyte surface might cause great con- 
figurational changes of its membrane either 
disturbing the distribution of the receptors -, ~ ~~~ . ~~, . ~ ~ W 

or changing the charge of the cell mem- 
brane, thus inhibiting rosette formation with 
SRBC. This latter possibility is favored by 
our previous finding that antihuman lym- 
phocyte antibodies present in normal sera 
from different animals species can also in- 
hibit rosette formation when reacted with 
lymphocytes in conjunction with C6 defi- 
cient rabbit serum (6). The role of HL-A 
antigens, therefore, seems to be only inci- 
dental to the inhibition phenomenon, repre- 
senting simply convenient cell surface mole- 
cules required for the activation of comple- 
ment. 

Further experimentation will be necessary 
to establish whether the effect of activated 
complement on rosette formation is a non- 
specific one, i.e., an overloading of cell sur- 
face membranes with exogenous reagents, 
or whether it is linked to more biologically 
relevant function of the cell surface. 

Summary. The relationship between HL- 
A antigens and rosetting of sheep red blood 
cells (SRBC) with peripheral human lym- 
phocytes has been investigated by incubat- 
ing them with HL-A antibodies. Although 
sensitizing the lymphocytes with HL-A allo- 
antisera had no effect on their ability to 
form rosettes with SRBC, further sensitiza- 
tion with C6 deficient rabbit serum as a 
source of early complement components in- 
hibited the formation of rosettes with 
SRBC. The involvement of HL-A alloanti- 
bodies in the inhibition of rosette formation 
was shown first by correlating the HL-A 
phenotype of the lymphocytes and the HL- 
A specificity of the alloantisera and, second, 
bv snecificallv absorbing the HL-A alloanti- 
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1. 

2. 

3. 

4. 

5 .  

6. 

bodies from the alloantisera. Complement 
was needed to inhibit rosette formation 
since this effect was lost when rabbit serum 
was treated to inactivate complement. The 
participation of complement’s classical 
pathway in rosette inhibition was shown by 
chelating the Ca2+ ions by EGTA treatment 
of the C6 deficient rabbit serum. Perhaps, 
binding of HL-A antibodies and early com- 
plement components to the lymphocyte sur- 
face disturbs the distribution of the recep- 
tors or affects the charge of the cell mem- 
brane, thus inhibiting the rosette formation 
with SRBC. 
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