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A B S T RA C T We previously developed an in vitro
organ culture system in which gluten exerts a toxic
effect on intestinal mucosa of patients with active glu-
ten-sensitive enteropathy. Gluten generally inhibits
the epithelial cell maturation of intestinal biopsy speci-
mens that otherwise occurs if the tissue is cultured for
24-48 h in a gluten-free medium. However, small
intestinal mucosa from 15-20% of patients with proven
gluten-sensitive enteropathy fails to manifest the ex-
pected gluten-induced damage in vitro. In the present
study, we explored the relation between in vitro gluten-
induced intestinal damage and the presence of HLA-B8.
Wedetermined whether the patients' histocompatibility
type (HLA-B8 positive or negative) influenced the
ability of gluten protein to inhibit epithelial cell
maturation of cultured intestinal biopsy specimens
from patients with gluten-sensitive enteropathy.

Intestinal biopsies from 21 of 24 patients with glu-
ten-sensitive enteropathy and HLA-B8 showed gluten-
induced dacmage in vitro. On the other hand, intestinal
biopsies from only 4 of 16 patients with gluten-sensi-
tive enteropathy I)ut without HLA-B8 showed gluten-
induced daimage in vitro. The difference in the effect
of gluten in vitro between these two groups was statis-
tically significant (P < 0.01). The data show a dichotomy
between gluten-induced tissue damage in vivo and in
vitro in HLA-B8 negative patients, suggesting that
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HLA-B8 is important for gluten to manifest a cytotoxic
influence in organ culture.

INTRODUCTION

Wepreviously established an in vitro model of gluten-
sensitive enteropathy (GSE)l using organ culture tech-
niques (1). The model depends upon the fact that (a)
intestinal brush border alkaline phosphatase enzyme
activity in smiall intestinal tissue obtained from patients
with active GSE is low, reflecting altered mucosal ar-
chitecture and impaired epithelial cell maturation; (b)
during organ culture of the intestinal tissue in a gluten-
free medium, there is a dramatic increase in alkaline
phosphatase enzyme activity accompanied by morpho-
logic maturation of epithelial cells; and (c) during
culture of the intestinal tissue in a gluten-containing
medium, brush border alkaline phosphatase activity
does not increase appreciably and cells do not show
morphologic evidence of maturation. Thus, inhibition
of brush border alkaline phosphatase increase in vitro
is an indication of gluten toxicity in vitro, just as the
characteristic mucosal lesion is an indication of gluten
toxicity in vivo.

In prior experiments, in vitro gluten sensitivity did
not always correlate with in vito gluten sensitivity (2).
We noted that in studies of 15-20% of patients, re-
gardless of the presence of gluten protein in culture,
no inhibition of brush border alkaline phosphatase en-
zyme increase occurred. No adequate explanation exists
for this observation.

In view of the known association of GSEwith certain

' Abbreviations used in this paper: GSE, gluten-sensitive
enteropathy; PT digest, peptic tryptic digest.
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histocompatibility antigens (HLA-B8, HLA-DW3),
(3-6), we determined in the present study whether
the deleterious effect of gluten in vitro is restricted by
the patient's histocompatibility type. Accordingly, we
examined small intestinal tissue from patients with
GSEwho were positive or negative for HLA-B8 and
determined the susceptibility of the tissue in vitro to
the cytotoxic effect of gluten protein. The data de-
veloped allow the conclusion that histocompatibility
antigens are important to the process by which gluten
causes epithelial cell cytotoxicity in GSE.

METHODS

Mucosal tissue from HLA-B8 positive and negative patients
with GSEwere compared as to their susceptibility to gluten-
induced toxicity in vitro. Small intestine tissue obtained from
disease and normal control individuals was also studied.

Gluten toxicity in vitro was determined by the previously
described organ culture technique (1). To determine whether
the magnitude of any given difference between alkaline phos-
phatase values in gluten-containing and gluten-free cultures
was indicative of gluten-induced toxicity, a statistical func-
tion derived in a previous study from a population of 39 pa-
tients with a flat mucosal lesion was used. 26 patients had
GSEand 13 did not (2). The function allowed elimination of
any arbitrary decision regarding presence of in vitro gluten-
induced toxicity in any individual case. To derive this func-
tion, patients and control individuals were studied prospec-
tively by conventional clinical and laboratory techniques, as
well as by organ culture. Alkaline phosphatase values of
gluten-containing vs. gluten-free cultures for any given patient
or control individual were then plotted on an x and y axis,
respectively. It was found that two distinct populations of
values were obtained that could be separated by a boundary
function. Using discriminant function analysis (7), a mathe-
matical definition of this boundary was derived: Z = (0.012
x alkaline phosphatase value without gluten) - (0.0284 x alka-
line phosphatase value with gluten) + 1.9975. Positive Z val-
ues obtained with this function (corresponding to values falling
on one side of the boundary function) described most patients
who had GEE, while negative values (corresponding to values
falling on the other side of the boundary function) described
most patients without GSE. More specifically, 88%of patients
with GSEand 7%of disease-control individuals fell into one
population, defined by positive Z values, whereas 12% of
patients with GSE, 93% of disease-control individuals, and
100% of normal individuals fell into another population, de-
fined by negative Z values. The classification error rates were
the same for the observed sample and the jackknifed proce-
dure. (It must be emphasized that the Z function analysis
objectively determines the presence or absence of gluten sen-
sitivity in vitro and not of gluten sensitivity in vivo. When
applied to a random population of patients with abnormal
small intestinal mucosa, the analysis correctly predicts the
presence or absence of gluten sensitivity in vivo in 88% of
patients. In the present study, the Z value was not used to
predict the in vivo diagnosis, but to assess the in vitro effect
of gluten.)

Study group. 40 patients with GSE, aged 11 mo-52 yr
were studied. At the time of biopsy, the patients were either
newly diagnosed and, therefore, on no dietary gluten restric-
tion, or had previously defined GSEand were prepared for
study by ingestion of gluten for at least 7 d before the study.
The initial diag'nosis was firmly established in all patients

by the presence of diarrhea or malabsorption, typical ap-
pearance of small intestinal histology with total or subtotal
villus flattening, infiltration of the lamina propria with lym-
phocytes and plasma cells, and vacuolization of the epithelial
cells. All patients had appropriate response to gluten with-
drawal and gluten challenge with remission and exacerbation,
respectively, of clinical and laboratory features. The control
group consisted of (a) 8 normal individuals with no history
of gastrointestinal disease and normal intestinal morphology,
(b) 12 patients with diarrhea not due to GSE and normal
small bowel morphology, and (c) 15 patients with diarrhea
and abnormal small bowel morphology not due to GSE. The
latter patients included three with eosinophilic gastroenteri-
tis, two with tropical sprue, five with hypogammaglobulin-
emia, three with chronic diarrhea of infancy, and two with
cow's milk allergy. All patients, including those in the control
groups, were eating a gluten-containing diet at the time of
study. All individuals under the age of 18 in this study were
being evaluated for malabsorption and/or diarrhea and under-
went intestinal biopsies as part of a standard assessment. In-
formed consent was obtained from all individuals studied or
their parents. These studies were approved by the Human
Studies Committee of the Peter Bent Brigham Hospital Divi-
sion, Affiliated Hospitals Center, Inc., the Children's Hospital
Medical Center, and the National Institutes of Health Clini-
cal Center.

Biopsy technique. A multi-purpose suction biopsy instru-
ment, positioned fluoroscopically at the ligament of Treitz,
was used to obtain specimens of jejunal tissue (8). Three or
four biopsy specimens were routinely obtained and a portion
of at least one specimen was sent for histological examination.

Organ culture. Biopsies were transported to the laboratory
in iced RPMI 1640 medium with 10%fetal calf serum, insulin,
and antibiotics. Each biopsy was cut into six to eight pieces,
resulting in as many as 30 specimens, which were then thor-
oughly mixed. Three of these randomized specimens were
placed villus-side-up on stainless steel wire mesh grids sus-
pended over culture medium in culture dishes, thus insuring
representation on the culture plate from each biopsy. The
dishes were placed into closed containers, gassed with 95%
oxygen and 5% carbon dioxide mixture, and incubated for
24-48 h at 37°C (1). Where indicated, one of two gluten prep-
arations was added to the culture medium (see below). Cul-
ture specimens were removed from the culture dish grids
at 24-48 h and homogenized in 1 ml of 0.9% saline. Samples
were assayed immediately or stored at -80°C until assayed.
Tissue protein (9) and alkaline phosphatase activity (10) were
determined. 1 IU of alkaline phosphatase specific activity
represented 1 ,umol of paranitrophenol phosphate hydrolyzed
per gram of tissue protein per minute.

Gluten preparation. Two different preparations of gluten
were used. A peptic tryptic (PT) digest of gluten was pre-
pared according to the method of Frazer et al. (Frazer frac-
tion III) (11). After digestion, pepsin and trypsin were inac-
tivated by heating at 56°C for 1 h. The digest was added to
cultures at a concentration of 1 mg/ml. A purified gliadin pro-
tein fraction was prepared and added to the cultures to obtain
a concentration of 0.1 mg/ml; this protein is an a-gliadin frac-
tion from "Scout 66" wheat and is called A-gliadin (12). Both
PT and a-gliadin exert a similar effect on tissue from patients
with active GSE (1).

HLA typing. HLA-A and B locus antigens were deter-
mined by the National Cancer Institute Histocompatibility
Typing Center, using a lymphocyte microcytotoxicity method
previously described (13). Sera used to detect HLA anti-
gens were obtained from the Serum Blood Bank maintained
by the Transplantation and Immunology Branch of the Na-
tional Institute of Allergy and Infectious Diseases, and from
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the Serum Collection of the Typing Center. The reproduci-
bility of the assay when replicate determinations were done
on normal individuals was 97%. Normal HLA frequencies
were determined by the study of random Caucasian blood
bank donors. Presence or absence of HLA-D locus antigen,
DRW3, was determined on eight patients using a previously
described cytotoxicity assay (in conjunction with a specific
antiserum for DRW3,kindly provided by Dr. J. J. Van Rood)(14).

Statistical analysis. The Wilcoxon rank-sum test was used
to compare the base-line alkaline phosphatase activity in
HLA-B8 positive and negative GSEgroups. One-way analysis
of variance was used to determine the significance of dif-
ferences among all groups.

RESULTS

HLA types
A and B locus. 24 patients (60%) with GSE were

HLA-B8 positive and 16 (40%) were HLA-B8 negative.
The frequency of HLA-B8 in this group of patients
with GSE was somewhat lower than that previously
reported by us and others (3-5) because non-B8 pa-
tients were selected for study to equalize the size of
the experimental groups. Such selections were made
without prior knowledge of the patient's reactivity in
organ culture.

DRW3locus. Eight patients with GSEwere studied
for the presence of DRW3. Four of four HLA-B8 posi-
tive and three of four B8 negative patients were DRW3
positive. Thus, in this patient group, DRW3has the
same prevalence in B8 positive and B8 negative pa-
tients, as previously pointed out by Keunig et al. (6).

Organ culture studies
In previous studies, we showed that gluten sensitivity

in vitro was demonstrable only in patients with active
GSEand not in patients with inactive GSE. To make a
meaningful comparison between HLA-B8 positive and
B8 negative patients, it was, therefore, necessary to
ensure that both groups of GSEpatients had equivalent
activity of disease. To this end, the HLA-B8 positive
and B8 negative patients were compared with respect
to intestinal alkaline phosphatase activity and jejunal
morphology at the moment of biopsy. With regard to
the former, we found that mean alkaline phosphatase
values (+SD) for B8 positive and B8 negative patients
were 73+60 and 112+90, respectively. These values
were statistically indistinguishable (P > 0.1) and are
both lower than the mean enzyme value for normals in
our laboratory (350+75). With regard to jejunal mor-
phology, we examined biopsies without foreknowledge
of their source and found no significant difference be-
tween B8 positive and B8 negative patients: all biop-
sies had total or subtotal villus flattening and there
was an equal amount of epithelial cell vacuolization
and inflammation in the lamina propria of both groups.
On the basis of these two objective features, it was

concluded that B8 positive and B8 negative patients
had equivalent levels of disease activity and could be
expected to react to gluten in vitro.

Comparison of Z values in organ cultures
containing A-gliadin or PT digest
A-gliadin or PT digest were used interchangeably.

Wecompared the Z values obtained in the groups using
A-gliadin with the Z values in the same groups using
PT digest. This was done to assure that the results
were not biased by the particular gluten preparation.
Because the flat mucosa disease control group had only
one A-gliadin value, that group was omitted from the
analysis. The results of the comparison, using the Wil-
coxon rank-sum test, showed there was no significant
difference between Z values obtained with A-gliadin
vs. PT digest (P > 0.05). This was in agreement with
previous data (1). We, therefore, pooled all the data for
each group in the subsequent analysis.

GSE: HLA-B8 positive patients
Biopsy specimens from 24 HLA-B8 positive patients

were placed into organ culture. A-gliadin was present
or absent in the cultures of 13 patients, while PT digest
was used in cultures of the remaining 11 patients. Sig-
nificant inhibition of alkaline phosphatase increase by
gluten in organ culture, as indicated by a positive Z
value, was observed in 11 of 13 (85%) B8 positive pa-
tient cultures with A-gliadin and 10 of 11 (91%) B8
positive patient cultures with PT digest (Table I). Thus,
biopsy specimens from 21 of 24 (88%) B8 positive pa-
tients demonstrated gluten-induced toxicity in vitro.

HLA-B8 negative patients
Biopsy specimens from 16 HLA-B8 negative patients

were placed into organ culture. A-gliadin was present
or absent in cultures of seven patients, while PT digest
was present or absent in cultures of the remaining nine
patients. Significant inhibition of alkaline phosphatase
activity increases by gluten protein in organ culture,
as indicated by positive Z values, was observed in only
one of seven (14%) cultures with A-gliadin and in only
three of nine (33%) cultures with PT digest (Table II).
Thus, in contrast with the B8 positive patients, biopsy
specimens from only 4 of 16 (25%) B8 negative patients
demonstrated gluten-induced toxicity in vitro. Except
for the different response to gluten in vitro, HLA-B8
negative patients with GSEwere indistinguishable in
every respect from the patients who were HLA-B8
positive.

Patients with abnormal small botwel biopsies
not due to GSE
Biopsy specimens from 15 patients with diarrhea and

abnormal small bowel histology were placed into organ
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TABLE I
Alkaline Phosphatase Activity in Organ Culture:

HLA-B8 Positive GSEPatients

Patient No. Base line Without gluten With gltuten Z Value*

A-gliadin

1 901 149 52 2.3
2 45 667 435 -2.4
3 47 157 97 1.1
4 206 245 166 0.3
5 55 238 166 0.1
6 71 152 121 0.4
7 250 626 317 0.5
8 33 156 39 2.7
9 82 128 80 1.2

10 83 172 231 -2.5
11 76 210 136 0.6
12 36 236 137 0.9
13 139 640 276 1.8

PT digest§
14 135 458 191 2.0
15 58 211 66 2.6
16 9 63 26 2.0
17 22 87 87 0.6
18 0 86 46 1.7
19 107 195 117 1.0
20 47 155 40 2.7
21 25 44 18 2.0
22 94 180 50 2.7
23 17 50 20 2.0
24 43 100 125 -0.4

* Z = (0.0120) (without gluten value) - (0.0284) (with gluten
value) + 1.9975. A positive value for Z indicates in vitro gluten
sensitivity.
t Units, 1 ,umol of p-nitrophenol phosphate hydrolyzed per
gram tissue protein per minute. Each point is the mean of
duplicate cultures determined in triplicate.
§ PT digest of gluten (Frazer fraction III).

culture. A-gliadin was present in 1 and PT digest was
present in 14 cultures. Significant inhibition of alkaline
phosphatase activity increases by gluten protein in
organ culture, as indicated by a positive Z value, was
observed in one patient with A-gliadin and one patient
with PT digest (Table III). Thus, as previously noted
(2), intestinal tissue which is abnormal because of
causes other than GSEmay, in a small fraction of cases,
be subjected to nonspecific toxic injury by gluten
in vitro.

Patients with diarrhea and normal small
bowel biopsy
Biopsy specimens from 12 patients with diarrhea

and normal small bowel histology were placed into
organ culture: six with A-gliadin and six with PT digest

TABLE II
Alkaline Phosphatase Activity in Organ Culture:

HLA-B8 Negative GSEPatients

Patient No. Base line Without gluten With gluten Z Value*

A-gliadin

1 72t 414 476 -6.6
2 18 175 168 -0.7
3 20 115 171 -1.5
4 23 82 131 -0.8
5 190 400 490 -7.1
6 111 125 210 -2.5
7 304 459 250 +0.4

PT digest§
8 304 459 305 -1.1
9 127 304 99 +2.8

10 61 342 138 +2.2
11 113 147 111 +0.6
12 10 211 159 -0.01
13 126 273 245 -1.7
14 146 145 280 -4.2
15 70 199 214 -1.7
16 98 222 253 -2.5

* Z = (0.0120) (without gluten value) - (0.0284) (with gluten
value) + 1.9975. A positive value for Z indicates in vitro gluten
sensitivity.
t Units, 1 umol of p-nitrophenol phosphate hydrolyzed per
gram tissue protein per minute. Each point is the mean of
duplicate cultures determined in triplicate.
§ PT digest of gluten (Frazer fraction III).

present in the culture medium. Significant inhibition
of alkaline phosphatase activity increases by gluten
protein in organ culture, as indicated by positive Z
values, was not observed in any of these patients
(Table IV).

Normal individuals
Biopsy specimens from eight normal subjects were

placed into organ culture, three with A-gliadin and five
with PT digest in the culture medium. Significant in-
hibition of alkaline phosphatase activity increases by
gluten protein in organ culture, as indicated by positive
Z values, was not observed in any case (Table V). In
summary, the correct classification rates in the GSE
groups by A-gliadin and PT digest, respectively, were:
91% and 88% in the B8 positive group; and 14% and
33% in the B8 negative group (Fig. 1).

DISCUSSION

Wepreviously showed that when evaluated prospec-
tively, gluten sensitivity in vitro correlates with gluten
sensitivity in vivo in most, but not all, instances. A
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TABLE III
Alkaline Phosphatase Activity in Organ Culture:

Patients with Diarrhea and Flat Small
Bowel Biopsy Not Due to GSE

Patient No. Base line Without gluten With gluten Z Value*

A-gliadin

1 139t 338 205 +0.2

PT digest5

2 107 341 275 - 1.7
3 82 90 118 -0.3
4 19 91 126 -0.5
5 74 85 124 -0.5
6 58 118 94 +0.7
7 42 45 410 -10
8 32 310 285 -2.4-.
9 83 106 134 -0.5

10 175 361 317 -2.7
11 16 250 300 -3.5
12 69 236 256 -2.4
13 25 317 285 -2.3
14 143 242 207 - 1
15 83 230 207 -1.1

* Z = (0.0120) (without gluten value) - (0.0284) (with gluten
value) + 1.9975. A positive value for Z indicates in vitro gluten
sensitivity.
t Units, 1 umol of p-nitrophenol phosphate hydrolyzed per
gram tissue protein per minute. Each point is the mean of
duplicate cultures determined in triplicate.
§ PT digest of gluten (Frazer fraction III).

TABLE IV
Alkaline Phosphatase Activity in Organ Culture:

Patients with Diarrhea and Normal
Small Bowel Biopsy

Patient No. Base line Without gluten With gluten Z Value*

1 378t 674
2 139 196
3 242 365
4 173 322
5 329 498
6 270 279

7 236 435
8 464 683
9 205 310

10 322 462
11 284 627
12 306 404

A-gliadin

907 -15.7
242 -2.5
381 -4.4
291 -2.4
509 -6.5
511 -9.2

PT digest5

470
560
296
445
682
566

-6.1
-5.7
-2.7
-5.1
-9.9
-9.2

* Z = (0.0120) (without gluten value) - (0.0284) (with gluten
value) + 1.9975. A positive value for Z indicates in vitro gluten
sensitivity.
I Units, 1 ,mol of p-nitrophenol phosphate hydrolyzed per
gram tissue protein per minute. Each point is the mean of
duplicate cultures determined in triplicate.
§ PT digest of gluten (Frazer fraction III).

prepare Frazer fraction III) is likely to be only partial.
On this basis, it is possible that B8 positive GSEtissue
and B8 negative GSEtissue differ in their susceptibility

possible explanation for the lack of complete correla-
tion is provided by the data in the current study. Al-
though by standard clinical, chemical, and intestinal
morphologic criteria, no evident differences exist be-
tween patients with GSEwho are HLA-B8 positive or
negative, a clear difference exists with regard to sen-
sitivity to gluten in vitro between HLA-B8 positive and
negative patients. Thus, intestinal biopsies of HLA-B8
positive patients show a consistent sensitivity to gluten
when tested in vitro. On the other hand, intestinal
biopsies from patients who are HLA-B8 negative and
clearly have gluten sensitivity in vivo, are indistinguish-
able from biopsies of controls, each showing no con-
sistent sensitivity to gluten in vitro. Therefore, if used
to assess the diagnosis of GSEprospectively, the use-
fulness of the in vitro technique can be enhanced by
taking the patients' histocompatibility antigen into
account.

One possible explanation for the difference between
the effect of gluten in vivo and in vitro is that gluten
presented to the intestinal mucosa in vivo differs from
gluten presented in vitro. In fact, gluten protein is
subjected to nearly complete proteolytic degradation in
vivo, whereas proteolytic degradation in vitro (used to

TABLE V
Alkaline Phosphatase Activity in Organ Culture:

Normal Individuals

Patient No. Base line Without gluten With gluten Z Value*

A-gliadin

1 3451 668 628 -7.8
2 153 187 205 -1.6
3 173 322 291 -2.4

PT digest§
4 353 467 480 -5.8
5 236 465 470 -6.2
6 321 590 590 -7.7
7 221 550 600 -8.4
8 395 515 600 -8.8

* Z = (0.0120) (without gluten value) - (0.0284) (with gluten
value) + 1.9975. A positive value for Z indicates in vitro gluten
sensitivity.
t Units, 1 umol of p-nitrophenol phosphate hydrolyzed per
gram tissue protein per minute. Each point is the mean of
duplicate cultures determined in triplicate.
§ PT digest of gluten (Frazer fraction III).
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Z VALUES IN PATIENTS WITH GSE AND CONTROLS
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FIGURE 1 Z values in HLA-B8 positive and negative GSEpatients, diseased, and normal controls.
The values for Z are negative in all normals, in 13 of 15 diseased controls, and 12 of 16 HLA-B8
negative patients with GSE. In contrast, the Z value is positive in 21 of 24 HLA-B8 positive
patients with GSE. The difference in distribution in the Z values is significant at P < 0.01 (five
group one-way analysis of variance).

to damage by intact gluten protein vs. partial degrada-
tion products of gluten. This difference in susceptibil-
ity to the various molecular forms of gluten will be
revealed only in vitro, where such chemical forms can

be studied.
It has been postulated that gluten injures the intes-

tine of susceptible persons by stimulating an immune
response characterized by mucosal antigluten antibody
synthesis (15) and production of sensitized T cells (16).
Rubin et al. (17) indicated that gluten binds to the
epithelial cell of patients with GSE. We suggest that
the various intestinal immune reactions occur as a con-

sequence of gluten binding to the epithelial cell; i.e.,
unbound gluten is not immunogenic, whereas bound
gluten behaves as a hapten.

A possible mechanism which could account for the
influence of histocompatibility antigen on tissue cyto-
toxicity is that the HLAgene product, itself, forms part
of the target of cytotoxicity. The effector cell recog-

nizes the target of cytotoxicity either as a complex target
composed of a closely associated, but separate modify-
ing antigen (gluten), and the histocompatibility antigen
(dual recognition), or recognizes the single modified
histocompatibility antigen (gluten plus histocompati-
bility antigen) (modified self). There is experimental

support for these possibilities in other experimental
systems (18). Using this concept in GSE, since the his-
tocompatibility antigen itself forms a part of the target
of cytotoxicity, HLA-B8 positive and negative patients
could be expected to show different degrees of toxicity
to gluten in vitro.

The precise mechanism of the cytotoxic event in GSE
remains unidentified. Douglas (19) and Weiser et al.
(20) have postulated that the binding of gluten, itself,
is directly toxic. We and others have theorized that
the relevant cytotoxic mechanism in GSE is either a

T cell-mediated mechanism or a B cell-mediated mech-
anism. In the former instance, histocompatibility anti-
gens facilitate binding of gluten or gluten fragment to
epithelial cells and, in addition, form part of the target
on epithelial cells recognized by cytotoxic T cells. In
the latter instance, histocompatibility antigens facili-
tate binding of gluten or gluten fragment to epithelial
cells, but do not form part of the epithelial target
recognized by cytotoxic antibodies or antibodies co-

operating with K cells-only the gluten would be in-
volved. (The K cell, also known as the null lymphocyte,
mediates antibody-dependent, cell-mediated cyto-
toxicity.) Use of the in vitro model may fuirther
answer the (Iltestion.
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