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This study was performed to determine whether antibody-dependent cellular cytotoxicity (ADCC) could be
directed against mammalian cells sensitized with spontaneously adhering bacterial substances. 5'Cr-labeled SB
leukemia cells were incubated with purified S43 group A streptococcal lipoteichoic acid (LTA; 0.001 to 100
pg/ml). Purified leukocyte ADCC effector cells were added to the LTA-coated target cells at various
effector-to-target ratois (100:1 to 12:1), followed by the addition of rabbit anti-LTA. After incubation for 4 h,
target cell lysis was calculated based on the release of label into the medium. As little as 1 ng of LTA per ml
was sufficient to sensitize the target cells to ADCC lysis (12%); however, concentrations above 0.1 pg/ml
generally resulted in 60 to 80% lysis. LTA alone was not cytotoxic to these target cells. Targeting did not occur
if effector cells were sensitized or if free LTA was added to the medium. Specificity was demonstrated by
cold-target inhibition, which showed that anti-LTA cytotoxicity could be inhibited only by unlabeled,
LTA-treated target cells but not by cold SB cells alone. The findings indicate that certain soluble bacterial
components, when bound to mammalian cells in the presence of specific antibody, can target ADCC effectors

to these cells. This mechanism may be an important factor in the delayed sequelae of bacterial infections.

Antibody-dependent cellular cytotoxicity (ADCC) is an
immune mechanism mediated by effector cells (K cells,
monocytes, and neutrophils) possessing Fc receptors capa-
ble of recognizing and lysing antibody-coated target cells
and tissues. ADCC has been proposed as an important
antimicrobial mechanism in parts of the body deficient in
complement, such as cerebrospinal fluid and mucous mem-
brane secretions (15, 24, 25, 30). Many of these infectious
agents or their subcellular components are capable of adher-
ing to host tissues (2, 20, 32, 37). These components are
antigenic, as demonstrated by circulating antibodies or sen-
sitized lymphocytes. In addition, the immune system has
been implicated in some disease sequelae and hypersensit-
ivity reactions to antigen-sensitized host tissue (12, 16, 33,
36). However, the manner in which immunologic damage is
directed to tissues coated with antigenic microbial prepara-
tions is not well characterized. ADCC could be responsible
for host tissue damage during or after bacterial infection in
such sites. Therefore, we sought to determine the ability of
ADCC to mediate damage of bacterial antigen-coated target
cells.

We selected lipoteichoic acid (LTA) as the bacterial
substance with which to develop the model of bacterial
targeted ADCC. LTA is an amphiphile associated with the
cell membranes of gram-positive microorganisms and is
found in the extracellular culture fluids (36). Amphiphiles are
of particular interest because of their ability to adsorb
spontaneously to a variety of mammalian cells (2, 8, 16, 20,
36, 37) and because of their association with several inflam-
matory diseases (16, 33). Since the antibodies to LTAs are
ubiquitous in humans, all of the key components for ADCC
are present during gram-positive bacterial infection (effector
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cells, putative LTA-coated tissue, and anti-LTA antibody).
In this report, we describe the sensitivity of the ADCC
mechanism to LTA-coated target cells and the ability of
different effector cell populations to mediate cytotoxicity
against sensitized targets.

MATERIALS AND METHODS

PBMC isolation. Peripheral blood mononuclear cells
(PBMC) were isolated from heparinized venous blood from
healthy donors of both sexes (aged 18 to 45) as previously
described by Boyum (1). Donors were apprised of the study
and consents were obtained consistent with the policies of
The University of Michigan and the National Institutes of
Health. The isolated PBMC were suspended in RPMI 1640
culture medium (GIBCO Laboratories, Grand Island, N.Y.)
supplemented with 25 mM HEPES (N-2-hydroxyethyl-
piperazine-N'-2-ethanesulfonic acid) buffer, 2 mM glutam-
ine, and 50 pg of gentamicin (Schering Corp., Bloomfield,
N.J.) per ml. Viability was determined by trypan blue ex-
clusion and always exceeded 95% in freshly isolated cell
preparations.

Monocyte depletion. PBMC suspensions in RPMI 1640
medium supplemented with 20% newborn calf serum were
depleted of monocytes by chromatography on a column of
Sephadex G-10 beads (Pharmacia Fine Chemicals, Piscat-
away, N.J.). The columns were incubated for 30 min at 37°C
under 5% CO; in air. Cell recovery was approximately 65 to
70% of the total cells passed through the column. The
nonadherent cells contained less than 2% contaminating
monocytes as determined by nonspecific esterase staining.

PMN isolation. Polymorphonuclear leukocytes (PMNs)
were isolated from the erythrocyte pellet after Ficoll-
Hypaque density isolation of mononuclear cells. The con-
taminating erythrocytes in the pellet were lysed with cold
ammonium chloride (0.85%) and washed three times in
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TABLE 1. Influence of LTA treatment on SB target cells®

% Cpm released®

LTA concn

(ng/ml) L. fermentum Streptococcal

6991 LTA LTA

0 1.9 1.9

0.002 1.7 1.8

0.02 19 2.1

0.2 2.0 1.7

2 2.1 1.9

20 2.1 2.3

200 34 2.0

a31Cr.labeled SB target cells (10* cells per well) were incubated for 4 h at
37°C in the presence of various concentrations of the LTA preparations. Label
released into the medium after 4 h was counted and compared with the total
label in 10* cells. Results are the mean values of three experiments.

b LTA preparations were extracted from L. fermentum NCTC 6991 and
group A Streptococcus sp. strain S43; cpm, counts per minute.

RPMI 1640. This procedure yielded fewer than 5% contam-
inating cells.

Target cells. Three targets were used in this study. For
most of the study, the human B-cell leukemia line (SB) was
used because of its resistance to natural killer cell activity in
the 4-h assay. In addition, the human T-lymphoblastoid cell
line (CEM) and chicken erythrocytes (CRBC) were used as
targets. Antisera to these cells were prepared by subcutane-
ous hyperimmunization of rabbits with suspensions of the
specific cells without the use of adjuvant.

Preparation of target cells. The tumor targets were serially
passaged in RPMI 1640 containing 10% fetal calf serum and
used in the cytotoxicity assays no more than 48 h after the
last passage. The cells were washed twice in RPMI 1640 and
tested for cell viability with trypan blue exclusion, and the
concentration was adjusted to 5 X 10° cells per ml. To 0.2-ml
portions of RPMI-1640 containing 5 X 10° viable tumor cells,
200 pCi of *1Cr as sodium chromate (New England Nuclear
Corp., Boston, Mass.) was added. The cells were incubated
at 37°C for 1 h in a humidified atmosphere of 5% CO, with
intermittent shaking. After incubation, the cells were washed
three times in RPMI 1640 and adjusted to a concentration of
5 x 10° cells per ml. The CRBC targets were prepared in a
similar manner.

Purification of LTA. Lipoteichoic acid (LTA) was obtained
by aqueous phenol extraction (34, 35) of group A strepto-
coccus (originally provided by R. Lancefield) and chroma-
tography on either a Sepharose CL-6B-Sephadex G-75
system (Pharmacia) or AcA 22 (LKB Instruments, Inc.,
Rockville, Md.) as previously described. LTA preparations
were analyzed for phosphorus, amino acid, carbohydrate,
and the presence of fatty acids after purification (10, 31). The
phosphorus/glucose/alanine ratio was 1:0.097:0.65. Other
amino acids were <1% of the total dry weight. No sugars
other than glucose were detectable by gas-liquid chromatog-
raphy. The estimated chain length was 22 glycerol-phos-
phate units. Antisera to these LTAs were prepared by
hyperimmunization of rabbits (11). The LTA from Lac-
tobacillus fermentum NCTC 6991 was generously provided
as a reference standard by A. J. Wicken, University of New
South Wales, Kensington, Australia.

LTA coating of target cells. In studies involving LTA-sen-
sitized target cells, >!Cr-labeled target cells (5 x 10° cells per
ml) were incubated with various concentrations of LTA (1
ng to 100 pug/ml) for 1 h at 37°C. The radiolabeled, LTA-sen-
sitized target cells were washed twice in RPMI and sus-
pended at 2 X 10° cells per ml.
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ADCC assay system. The ADCC activity of effector cells
was determined by the original method of Perlmann and
Perlmann (23). Briefly, in the wells of V-bottomed tissue
culture plates (no. 3897; Costar, Cambridge, Mass.) 50 pl of
various concentrations of viable effector cells were added in
triplicate to 50 pl of complete medium containing 10,000
S1Cr-labeled target cells and 100 ul of a dilution of rabbit
anti-target serum. The plate was centrifuged at 40 X g for 2
min at room temperature and then incubated for 4 h at 37°C
in 5% CO,. After incubation, the plate was centrifuged at 40
x g for 10 min. Samples of the supernatant (100 pl) from
each well were counted in a gamma counter. Percent ADCC
activity was calculated as % cytotoxicity = experimental
release — spontaneous release/total release — spontaneous
release X 100, where spontaneous release represents counts
released in control wells containing effector and labeled
target cells and media, instead of antibody, and total release
represents counts obtained in a sample of 10* 5Cr-labeled
target cells. Because the maximum releasable counts (total
label obtained by either lysing a sample of labeled target
cells or using unlysed target cells) were the same, the latter
method was employed to obtain total release.

Statistical analysis. The statistical significance of differ-
ences in the mean values of various treatment effects was
determined by paired ¢ test.

RESULTS

Lack of direct cytotoxicity of LTA preparations. LTAs of
various bacterial species have been reported to be cytotoxic
to various cultured mammalian cells (27). To distinguish
between possible direct cytotoxic effects of LTA and those
mediated by the ADCC mechanism, 5'Cr-labeled SB target
cells were exposed to concentrations of LTA (0.001 to 100
rg/ml) that would be used to sensitize target cells in subse-
quent ADCC assays. SB cells were chosen for use as targets
because they tend to be less susceptible to natural Kkiller
activity which might tend to complicate the results (13). No
significant radiolabel was released from the target cells in
excess of the spontaneous release level (1.9%; Table 1).
Thus, within the concentration range employed in the 4-h
assay, these LTA preparations did not have a deleterious
effect on target cell viability.

Determination of optimal LTA concentration to sensitize SB
target cells to ADCC activity. SB target cells sensitized with
LTA (LTA-SB) (0.001 to 100 pg/ml) were incubated with
PBMC (effector to target cell [E:T] ratio, 100:1), various
dilutions of heat-inactivated (30 min, 60°C), rabbit anti-LTA
antisera (1/1,000, 1/5,000, 1/10,000), and unimmunized,
pooled rabbit serum as described above. ADCC-mediated
cytotoxicity (12%) could be detected in the 4-h assay when
target cells were sensitized with as little as 1 ng of LTA per
ml when the antibody was used at a 1/1,000 dilution (Table
2). However, the maxiumum cytotoxicity (59 to 63%) was
observed at LTA-sensitizing concentrations of 1 to 100
ng/ml. All reported values of ADCC-mediated cytotoxicity
represent the difference between total cytotoxicity (over
spontaneous release) and that of LTA-SB plus effector cells
(without antibody). In all experiments, only >10% release
(above target plus effector without antibody) was considered
significant cytotoxicity, since in the absence of antibodies,
target cell-effector cell mixtures (E:T ratio, 100:1) yielded
approximately 10% release of the label over that of target
cells incubated alone. The release of 3!Cr from target cells
incubated with anti-LTA antibodies alone was less than or
equal to spontanecous release. In other experiments (not
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shown) similar LTA titration curves were obtained when
purified lymphocytes or PMN effector cells were used.

Characterization of effector cell populations. Since LTA-
associated cytotoxicity could be the result of a nonspecific
effect of the LTA, the specificity of the interaction between
antibody-coated, LTA-sensitized target cells and the various
effector cell populations was assessed. When the homolo-
gous (SB plus anti-SB) E:T system was examined (no LTA),
significant cytotoxicity directed against the unsensitized
target cell was measured at all E:T ratios tested with either
the PBMC or the lymphocyte effeéctor cells (Table 3). As the
anti-SB antibody was diluted, ADCC activity was finally lost
at the 107 dilution. With a neutrophil (PMN) effector cell,
negligible ADCC activity was detected at all but the highest
E:T ratio (100:1) and antibody dilution. The inefficiency of
PMN tumoricidal activity in vitro has been previously re-
portéd (17). The addition of anti-LTA antibodies had no
effect on the cytotoxicity of the system (>95% viability).

When LTA-SB (100 pg/ml) targets were substituted for
unsensitized SB targets, all three effector cells categories
mediated cytotoxic activity against LTA-SB in the presence
of anti-LTA antibodies (Table 4). The ability of anti-SB
antibodies to mediate ADCC against LTA-sensitized targets
was, in most cases, reduced by approximately 50% (attrib-
uted to steric effects), and the ability of the PMN to lyse the
target continued to be almost undetectable.

Requirement for target cell sensitization with LTA. Al-
though LTA and specific anti-LTA antibody mediated target
cell cytolysis, it was not clear that target cell sensitization,
rather than effector cell sensitization or merely free LTA and
antibody, was required for the lytic activity. To test this,
PBMC effector populations were also treated with LTA (100
ng/ml). In the presence of anti-SB antibodies, LTA treat-
ment of the effector cell had no significant effect on (un-
treated) SB target cell cytolysis when compared with the
untreated effector cell (Table 5). Anti-LTA antibodies ap-
peared to reduce nonspecific cytolysis by PBMC-LTA (0%)
compared with untreated PBMC (16%) at the higher concen-
tration of anti-LTA antibody (1073).

With anti-SB antibody, there was no difference between
the ability of PBMC or PBMC-LTA to lyse the LTA-coated
target. However, the amount of lysis was reduced in both
cases when compared with non-LTA-coated SB cells. Anti-
LTA antibodies permitted lysis of the LTA-treated SB target
cells by the untreated PBMC effector cell. Lysis mediated by
PBMC-LTA was blocked by this antibody, possibly because
of steric factors preventing close contact between the ef-
fector and target. Microscopic examination suggested that

TABLE 2. LTA sensitization of SB target cells and susceptibility
to ADCC“

Antibody % Cytotoxicity at LTA concn (ug/ml) of:
dilution 100 10 1 0.10 0.01 0.001
1/1,000 63 53 51 59 16 12
1/5,000 57 61 50 32 0 S
1/10,000 46 43 45 28 0 0
1/1,000 3 2 3 0 0 0
(control)?

“ SB target cells were sensitized with S43 LTA and then incubated for 4 h in
the presence of PBMC effector cells (E:T ratio, 100:1) and dilutions of heat-
inactivated rabbit anti-LTA antisera. Cytotoxicity was calculated as described
in the text. Results are the mean values of six experiments.

b Unimmunized, pooled rabbit serum.
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TABLE 3. ADCC of untreated SB target cells*
% Cytotoxicity at E:T ratio

Effector cells Antibody Dilution of:

100:1  50:1  25:1  12:1

PBMC Anti-SB 1073 51 47 36 17
107* 42 40 27 19

103 23 19 8 11

10°¢ 13 5 2 0
Anti-LTA 1073 ND? 6 ND ND
1074 ND 6 ND ND

Lymphocyte  Anti-SB 1073 40 40 36 23
1074 33 30 23 17

1073 10 15 10 5

107 S 7 7 0
Anti-LTA 1073 ND 4 ND ND
1074 ND 5 ND ND

PMN Anti-SB 1073 19 10 11 3
107* 9 1 12 0

1073 S 0 0 0

10-¢ 0 0 0 0
Anti-LTA 1073 ND 1 ND ND
1074 ND 0 ND ND

4 Untreated, 'Cr-labeled SB target cells were incubated with effector cells
PBMC purified lymphocytes, or PMN at E:T ratios of 100:1 to 12:1.
Hyperimmune rabbit anti-LTA or SB was added to the mixtures and incubat-
ed for 4 h at 37°C. Calculation of cytotoxicity is described in the text. Results
are the mean values of three experiments.

® ND, Not done.

this inhibition was caused neither by agglutination of the
effector cells nor by loss of viability of the effector.

Since LTA might be causing the release of soluble regu-
latory factors that modulate cytotoxic activity, the effect of
adding frée LTA on the lytic activity in the SB-anti-SB
system was assessed. As shown, the presence of LTA (100

TABLE 4. ADCC of LTA-SB target cells”

% Cytotoxicity at E:T ratio
of:

Effector cell Antibody Dilution
100:1 50:1 25:1 12:1
PBMC Anti-LTA 1073 78 73 59 27
1074 76 57 39 26
1073 50 43 28 24
1076 42 31 9 17
Anti-SB 1073 ND? 21 ND ND
1074 ND 12 ND ND
Lymphocyte  Anti-LTA 1073 62 60 54 42
1074 51 62 54 42
1073 28 51 39 26
10°¢ 16 29 27 19
Anti-SB 1073 ND 24 ND ND
1074 ND 16 ND ND
PMN Anti-LTA 1073 86 84 77 62

107* 42 31 15 21
10°° 16 7 14 18
107¢ 9 2 0 4
Anti-SB 1073 ND 6 ND ND
107 ND 4 ND ND

“ LTA-coated, *'Cr-labeled SB target cells were incubated with effector
cells PBMC, purified lymphocytes, or PMN at E:T ratios of 100:1 to 12:1.
Hyperimmune rabbit anti-LTA or SB was added to the mixtures, and the
mixtures were incubated for 4 h at 37°C. Calculation of cytotoxicity is
described in the text. Results are the mean values of three experiments.

® ND, Not done.




VoL. 48, 1985

TABLE 5. Effect of LTA treatment of effector cell or addition of

free LTA“
' % Cytotoxicit
Tarflet Antibody Dilution ey Y
ce PBMC PBMC-LTA®
SB Anti-SB 1073 70 70
1074 73 76
10~° 56 70
Anti-LTA 1073 16 0
10~* 8 2
1073 8 S
SB-LTA Anti-SB 1073 41 51
1074 42 49
1073 33 45
Anti-LTA 1073 58 10
107 53 19
1073 56 11
SB¢ Anti-SB 1073 62
1074 70
1073 66
Anti-LTA 1073 14
1074 11
1073 10

¢ Standard assay conditions were employed as described in the text. PBMC
were employed as effector cells (E:T, 100:1). Results of four experiments.

b LTA-treated (100 pg/ml) PBMC are designated as PBMC-LTA. LTA
treatment was performed according to the protocol for the treatment of target
cells.

¢ LTA added to effector-target-antibody mixture (no pretreatment).

wng/ml) had no effect on lytic activity. When LTA was added
in the presence of SB and anti-LTA, no cytotoxicity was
demonstrated. This suggested that either the antibody bound
all of the free LTA, preventing LTA binding to the target
cell, or the antibody blocked effector activity as found in the
SB-LTA and PBMC-LTA categories. PBMC-LTA and the
cell category in which free LTA and anti-LTA were added
both demonstrated viabilities of >95%. These results indi-
cate that lysis of LTA-coated targets was due to specific
recognition by ADCC effector cells (plus antibody) and was
not the result of LTA enhancement of nonspecific cytatox-
icity.

Cold target inhibition. As a final test of the specificity of
the LTA-directed ADCC, the ability of unlabeled target cells
to inhibit chromium release was assessed (Table 6). In these
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studies, unlabeled (cold) target cells were added to labeled
(hot) target cells in ratios of 1:1 to 16:1 (cold/hot). In all
cases, the E:T ratio (hot target) was maintained at 50:1. If
the effector cell (plus antibody) could not distinguish be-
tween the cold and hot target cells, then the concentration of
cold target was increased. As shown in the SB plus anti-SB
system, when cold SB targets were added, the apparent
cytotoxicity was reduced from 44.2 (no cold) to 12.1% (16:1,
cold/hot), representing 72.6% inhibition of cytotoxicity and
indicating that the cold and hot targets were recognized by
the ADCC mechanism as being similar. When cold SB
targets were added to the SB-LTA plus anti-LTA system, no
significant suppression of cytotoxicity was detected (<10%).
However, when cold LTA-SB targets were added, almost
82% suppression of the homologous system was observed.
These findings indicated that (via the antibody) the effector
cells were being directed to the LTA epitope present on the
surface of the target cell.

Other target cells. To show that this targeting phenomenon
was not unique to SB cells, CEM cells and CRBC were
tested in the same system (Table 7). In all cases, there was
marked specificity for the LTA epitope regardless of the
target cell employed.

DISCUSSION

A well-defined role for ADCC in human disease has not
yet been clearly established. It has been proposed as a
putative pathologic mechanism in numerous diseases having
autoimmune components, including systemic sclerosis (3,
22), type 1 diabetes (26), systemic lupus erythematosus (19,
21), and allograft rejection (7). Impairment of ADCC is a
common feature of autoimmune connective tissue disorders
(6). In addition, this mechanism has been receiving consid-
erable interest as a cellular defense mechanism against
malignancy. For example, elevated cytotoxic activity is seen
in patients with urinary bladder carcinoma (4). There are
numerous reports implicating ADCC as an antimicrobial
mechanism. After natural infection with respiratory syncy-
tial virus, ADCC activity in nasopharyngeal secretions
against the virus are observed as early as 3 days after the
onset of clinical symptoms (9). ADCC activity against influ-
enza virus-infected target cells can be detected after natural
infection or immunization with live attenuated vaccine (5).
ADCC mechanisms against Salmonella typhimurium (18)
and meningacoccal infections (28) have also been described.

TABLE 6. Inhibitory effect of unsensitized, unlabeled target cells on anti-SB and anti-LTA ADCC*

% Cytotoxicity (% inhibition) at cold/hot target cell ratio of:

Category el No cold 11 21 41 8:1 16:1
cells
SB + anti-SB 1.3
SB + anti-SB + E SB 442 35.4 (19.9) 32.5 (26.5) 262 (40.7)  22.6 (48.9)  12.1 (72.6)
SB-LTA + anti-LTA 2.4
SB-LTA + anti-LTA + E SB 80.3 829 (-1.00  85.1(-5.9)  73.9(1.9) 74.5 (1.2) 78.7 (1.9)
SB-LTA + anti-LTA + E SB-LTA 80.3 62.3 (22.4) 548 (31.7)  33.1(60.5  21.2(73.6)  14.7 (8L.7)

@ Standard assay conditions as described in the text were used. PBMC were employed as effector cells at an E:T ratio of 50:1. Results are the mean of four ex-

periments.

b Unlabeled target cells were added at various ratios to >'Cr-labeled target cells. E:T ratios were based on labeled target cells.
< Inhibition of *!Cr release by cold targets was based on the categories containing only labeled (no cold) target cells.
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TABLE 7. Comparison of LTA-sensitized CEM cells and CRBC
with LTA-SB*

% Cytotoxicity for target cells

Antibody SB LTA-SB CEM LTA-CEM CRBC LTA-CRBC
Anti-SB 456 21.6 83 6.4 11.4 13.1
Anti-CEM 59 79 499 30.2 5.6 53
Anti-CRBC 1.2 3.5 6.8 53 72.9 28.1
Anti-LTA 1.1 715 2.1 53.5 0.6 39.4

% Standard assay conditions as described in the text were used. PBMC were
employed as effector cells at an E:T ratio of 100:1. Results of five experi-
ments.

ADCC may be especially important in infections at the
mucosal level, since such areas tend to be rich in immuno-
globulin G and secretory immunoglobulin A but quite defi-
cient in complement. Adhesion to mucosal surfaces is the
primary event in colonization by many pathogens. Thus, a
cell-mediated mechanism that can function in the absence of
complement but is facilitated by the presence of immuno-
globulin G and immunoglobulin A could function as a
significant antimicrobial mechanism at the primary focus of
infection. However, ADCC may also result in the bystander
killing of host cells sensitized by either the adherent bacteria
or their products and substituents. For example, LTAs have
been shown to produce local immunotoxic reactions.

We examined the ability of ADCC effector cells to kill
LTA-coated mammalian cells. ADCC is quite specific and
sensitive to the presence of LTA (<1 ng). Currently, we are
testing ADCC effector activity against specific microorgan-
isms and their subcellular components in the presence of
sera from patients to establish a role in specific human
disease. ADCC may provide an avenue by which to under-
stand the course of a variety of bacterial infections, espe-
cially the delayed sequelae. It may be useful in understand-
ing tissue damage associated with the presence of chronic
low-grade infection. An example is periodontal disease, in
which inflammation and tissue damage are associated with
changes in the levels or qualities of plaque microorganisms
with minimal apparent change, in many cases, of systemic
parameters of immunity to these microorganisms (14). ADCC
effector cells have been demonstrated in the gingival crev-
ices (29) of periodontal patients. Since the antibodies to most
of the plaque microorganisms are ubiquitous, a change in the
sensitizing dose of a plaque microorganism would lead to the
targeting of the ADCC mechanisms to the tissue.

We confirmed the observation that PMN effector cell
populations did not normally kill mammalian cell targets but
found that they did become efficient killers when those
targets were coated with LTA. The significance of this
observation is not clear at this time; however, it probably
relates to the nature of the recognition of the target by the
PMN, which is perhaps related to antigen density on the
target cell surface. Since the PMN is commonly the first
scavenger at the scene of a bacterial infection, antimamma-
lian cell ADCC activity might tend to be quite detrimental to
the host. Coating of the target by bacterial substances may
fool the PMN into unleasing a misguided armament of
destruction against the host. This phenomenon remains to be
further elucidated.

In summary, the adherence of bacterial subcomponents or
the bacteria themselves to host tissues may lead to the
targeting of immune effector mechanisms to these tissues
with hypersensitivity reactions occurring. ADCC-mediated
effector activity would be expressed in the presence of low
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levels of antibody and would be favored in parts of the body,
such as mucosal surfaces, where complement levels are low.
Further evaluation of this model of targeted hypersensitivity
is warranted to understand its role in chronic infection and
the delayed sequelae of acute infection.

ACKNOWLEDGMENTS

We thank A. J. Wicken for generously providing the L. fermentum
LTA reference standard, Luann M. Martel and Michael Freedland
for their excellent technical assistance, and Neal Van Poperin for
editorial assistance.

This research was supported by U.S. Public Health Service grants
DE02731, DE05723, and DE05916 from the National Institutes of
Health.

LITERATURE CITED

1. Boyum A. 1968. Separation of leucocytes from blood and bone
marrow. Scand. J. Clin. Lab. Invest. 21(Suppl. 97):1-108.

2. Carruthers, M. M., and W. J. Kabat. 1983. Mediation of
staphylococcal adherence to mucosal cells by lipoteichoic acid.
Infect. Immun. 40:444-446.

3. Frick, E., and H. Stickl. 1982. Specificity of antibody-dependent
lymphocyte cytotoxicity against cerebral tissue constituents in
multiple sclerosis. Acta Neurol. Scand. 65:30-37.

4. Hansson, Y., S. Paulie, A. Larsson, M. Lundblad, P. Perlmann,
and 1. Naslund. 1983. Humoral and cellular immune reactions
against tumor cells in patients with urinary bladder carcinoma.
Cancer Immunol. Immunother. 16:23-29.

5. Hashimoto, G., P. F. Wright, and D. T. Karzon. 1983. Anti-
body-dependent cell-mediated cytotoxicity against influenza
virus-infected cells. J. Infect. Dis. 148:785-794.

6. Haslam, P. L., F. Allan, A. F. Watling, C. Barnett, L. Morris,
and M. Turner-Warwick. 1982. Impaired antibody-dependent
cell-mediated cytotoxicity in cryptogenic fibrosing alveolitis
(synonym: idiopathic pulmonary fibrosis). Clin. Exp. Immunol.
49:59-66.

7. Hirschberg, H., E. Thorsby, and B. Rolstad. 1975. Antibody-in-
duced cell-mediated damage to human endothelial cells in vitro.
Nature (London) 255:62-64.

8. Jackson, D. E., C. R. Howlett, A. J. Wicken, and G. D. F.
Jackson. 1981. Induction of hypersensitivity reactions to Lac-
tobacillus fermentum and lipoteichoic acid in rabbits. Int. Arch.
Allergy Appl. Immunol. 65:304-312.

9. Kaul, T. N., R. C. Welliver, and P. L. Ogra. 1982. Development
of antibody-dependent cell-mediated cytotoxicity in the respira-
tory tract after natural infection with respiratory syncytial virus.
Infect. Immun. 37:492-498.

10. Kessler, R. E., and B. H. Thivierge. 1983. Effects of substitution
on polyglycerol phosphate-specific antibody binding to lipotei-
choic acids. Infect. Immun. 41:549-555.

11. Kessler, R. E., I. van de Rijn, and M. McCarty. 1979. Charac-
terization and localization of lipoteichoic acid in group A
streptococci. J. Exp. Med. 150:1498-1509.

12. Knox, K. W., and A. J. Wicken. 1975. Immunological properties
of teichoic acids. Bacteriol. Rev. 37:215-257.

13. Koren, H. S., D. B. Amos, and Y. B. Kim. 1978. Natural killing
and antibody-dependent cellular cytotoxicity are independent
immune functions in the Minnesota miniature swine. Proc. Natl.
Acad. Sci. U.S.A. 75:5127-5131.

14. Lopatin, D. E., F. N. Smith, S. A. Syed, and E. C. Morrison.
1983. The effect of periodonatal therapy on lymphocyte blasto-
genesis to plaque associated microorganisms. J. Periodontal
Res. 18:93-102.

15. Lowell, G. H., R. P. MacDermott, P. L. Summers, A. A. Reeder,
M. J. Bertovich, and S. B. Formal. 1980. Antibody-dependent
cell-mediated antibacterial activity: K lymphocytes, mono-
cytes, and granulocytes are effective against shigella. J. Im-
munol. 125:2778-2784.

16. Ne’eman, N., and I. Ginsburg. 1972. Red cell sensitizing antigen
of group A streptococci. II. Immunological and immunopatho-
logical properties. Isr. J. Med. Sci. 8:1807-1816.

17. Nelson, D. L., B. M. Bundy, H. E. Pitchon, R. M. Blaese, and W.



VoL. 48, 1985

18.

19.

20.

21.

22.

23.

24.

25.

26.

Strober. 1976. The effector cells in human peripheral blood
mediating mitogen-induced cellular cytotoxicity and antibody-
dependent cellular cytotoxicity. J. Immunol. 117:1472-1481.
Nencioni, L., L. Villa, D. Boraschi, B. Berti, and A. Tagliabue.
1983. Natural and antibody-dependent cell-mediated activity
against Salmonella typhimurium by peripheral and intestimal
lymphoid cells in mice. J. Immunol. 130:903-907.

Norris, D. A., S. R. Ryan, K. A. Fritz, M. Kubo, E. M. Tan,
J. S. Deng, and W. L. Weston. 1984. The role of RNP, Sm, and
SS-A/Ro-Specific antisera from patients with lupus erythema-
tosus in inducing antibody-dependent cellular cytotoxicity
(ADCC) of targets coated with nonhistone nuclear antigens.
Clin. Immunol. Immunopathol. 31:311-320.

Ofek, 1., E. H. Beachey, W. Jefferson, and G. L. Campbell. 1975.
Cell membrane-binding properties of group A streptococcal
lipoteichoic acid. J. Exp. Med. 141:990-1003.

Penning, C. A., P. Hughes, and N. R. Rowell. 1984. The
production of antibody-dependent cellular cytotoxicity by im-
mune complexes in systemic lupus erythematosus. J. Clin. Lab.
Immunol. 13:123-127.

Penning, C. A., J. K. Wright, J. C. Ashby, J. Cunningham,
N. R. Rowell, and P. Hughes. 1983. Serum-induced enhance-
ment of peripheral blood mononuclear cell-mediated cytotoxic-
ity towards human target cells in systemic sclerosis. J. Clin.
Lab. Immunol. 12:77-81.

Perlmann, P., and H. Perlmann. 1970. Contactual lysis of
antibody-coated chicken erythrocytes by purified lymphocytes.
Cell. Immunol. 1:300-315.

Petz, L. D., G. C. Sharp, N. R. Cooper, and W. S. Irvin. 1971.
Serum and cerebral spinal fluid complement of serum autoan-
tibodies in systemic lupus erythematosus. Medicine (Baltimore)
50:259-275.

Reynolds, H. Y., and R. E. Thomson. 1973. Pulmonary host
defenses. I. Analysis of protein and lipids in bronchial secre-
tions and antibody responses after vaccination with Pseu-
domonas aeruginosa. J. Immunol. 111:358-368.

Sensi, M., P. Pozzilli, and A. G. Cudworth. 1981. Antibody-de-
pendent and natural killer cytotoxicity in type 1 diabetes. Acta
Diabetol. Lat. 18:339-344.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

ADCC TARGETING BY LIPOTEICHOIC ACID 643

Simpson, W. A., J. B. Dale, and E. H. Beachey. 1982. Cytotoxi-
city of the glycolipid region of streptococcal lipoteichoic acid for
cultures of human heart cells. J. Lab. Clin. Med. 99:118-126.
Smith, L. F., and G. H. Lowell. 1980. Antibody-dependent
cell-mediated antibacterial activity of human mononuclear cells.
II. Immune specificity of antimeningococcal activity. J. Infect.
Dis. 141:748-751.

Sonis, S. T., D. Mirando, P. Stelos, and I. B. Lamster. 1979.
Capacity of human oral leucocytes to mediate antibody-depend-
ent cell mediated cytotoxicity. Arch. Oral Biol. 24:235-237.
Tagliabue, A., L. Nencioni, L. Villa, D. F. Keren, G. H. Lowell,
and D. Boraschi. 1983. Antibody-dependent cell-mediated anti-
bacterial activity of intestinal lymphocytes with secretory IgA.
Nature (London) 306:184-186.

van de Rijn, I., and R. E. Kessler. 1979. Chemical analysis of
changes in membrane composition during growth of Streptococ-
cus pyogenes. Infect. Inmun. 26:883-891.

Vercellotti, G. M., D. Lussenhop, P. K. Peterson, L. T. Furcht,
J. B. McCarthy, H. S. Jacob, and C. F. Moldow. 1984. Bacterial
adherence of fibronectin and endothelial cells: a possible mech-
anism from bacterial tissue tropism. J. Lab. Clin. Med.
103:34-43.

Waltersdorff, R. L., B. A. Fiedel, and R. W. Jackson. 1977.
Induction of nephrocalcinosis in rabbit kidneys after long-term
exposure to a streptococcal teichoic acid. Infect. Immun.
17:665-667. .
Westphal, O., O. Luderitz, and F. Bister. 1952. Uber die
Extraktion von Bakterien mit Phenol/Wasser. Naturforscher
7B:148-155.

Wicken, A. J., J. W. Gibbens, and K. W. Knox. 1973. Compar-
ative studies on the isolation of membrane lipoteichoic acid
from Lactobacillus fermenti. J. Bacteriol. 113:365-372.
Wicken, A. J., and K. W. Knox. 1975. Lipoteichoic acids: a new
class of bacterial antigen. Science 187:1161-1167.

Williams, R. C., L. van de Rijn, H. Reid, T. Poon-King, and J. B.
Zabriskie. 1981. Lymphocyte cell subpopulations during acute
post-streptococcal glomerulonephritis: cell surface antigens and
binding of streptococcal membrane antigens and C-reactive
protein. Clin. Exp. Immunol. 46:397-405.



