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Expression of the common acute lymphoblastic
leukaemia antigen (CALLA gplOO) in the brush
border of normal jejunum and jejunum of patients
with coeliac disease
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SUMMARY Expression of the gplOO common acute lymphoblastic leukaemia antigen (CALLA)
was studied in the mucosa of the gut by means of indirect immunofluorescence on cryostat tissue
sections with a panel of eight monoclonal antibodies to common acute lymphoblastic leukaemia
antigen (anti-CALLA antibodies) and two antibodies to non-CALLA leukaemic antigens.
Expression of CALLA was absent from normal stomach epithelium, adult and fetal colonic
epithelium of normal histology, and colonic epithelium from patients with Crohn's disease or
ulcerative colitis. By contrast, all eight anti-CALLA antibodies gave a characteristic reaction in
normal adult and fetal small bowel mucosa, with specific localisation to the entire brush border of
jejunal epithelium. Whereas seven of these antibodies reacted both with normal jejunal
epithelium and with the damaged epithelium of patients with coeliac disease, antibody RFAL-2
reacted strongly only with histologically normal small bowel but more weakly in patients with
coeliac disease to a degree related to the amount of histological abnormality. Expression of the
moeity like CALLA identified with RFAL-2 was strongest in crypt epithelium and proportionally
diminished along the villi according to the amount of histological damage in coeliac disease, being
essentially absent in patients with "subtotal villous atrophy."

The 100 kilodalton common acute lymphoblastic
leukaemia antigen (CALLA, gplOO) was first
defined by means of xenoantisera.' Regarded as a
probable marker for early lymphoid progenitor
cells, CALLA was soon detected on a minority
population of normal bone marrow precursor cells2
which express the phenotype of common acute lym-
phoblastic leukaemia.3 CALLA is therefore now
regarded as a transiently expressed stem cell anti-
gen, immortalised on leukaemic cells as part of their
expression of a "frozen' neoplastic phenotype.23
With the advent of monoclonal anti-CALLA anti-
bodies4-7 it became clear that CALLA was not
restricted to cells of lymphoid lineage: CALLA has
now been shown on polymorphonuclear neut-
rophils,8 granulocytes,9 kidney tubular epithelium,
glomeruli and breast myoepithelium,'° melanoma"
glioma cells,'2 and cultured fibroblasts.9
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In view of the known characteristic reactivity of
anti-CALLA antibodies on the brush border of kid-
ney epithelium'° we aimed to investigate the expres-
sion of antigens like CALLA by the enterocytes of
the small intestine as a correlate of mucosal damage
associated with conditions such as coeliac disease.
The specialised columnar epithelium cells of the
jejunum are characterised by a microvillous brush
border on the luminal (apical) surface and play a
vital part in the absorption of nutrients, probably
through several enzymatic and passive and active
transport mechanisms.'3 In coeliac disease severe
malabsorption is accompanied by profound mor-
phological change of the jejunal mucosa: the villi are
shorter and broader and may be entirely absent,
whereas the epithelial cells become cuboidal rather
than columnar and the microvilli are shorter and less
regular.'4-'6 Treatment by total avoidance of gluten
usually brings about an eventual restoration of nor-
mal macroscopic and ultrastructural morpho-
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Reactivity ofanti-CALLA monoclonal antbodies in jejunum

Antibody Source Reference Fetal jejunum Normal adult Jejunum with coeliac disease
jejunum histological grade

1 2 3 4

Common acute lymphoblastic leukaemia antigen (CALLA gplO0):
J5 (a) 4 +++ + + + + +
BA-3 (b) 5 +++ +++ +++ +++ ++ ++
AL2 (c) 6 +++ +++ +++ +++ +++ +++
VIL-Al (d) 7 +++ +++ +++ +++ ++ ++
BD-CALLA (e) +++ ++ ++ ++ ++ +
RFAL-1 (f () +++ +++ +++ +++ +++ +++
RFAL-2 (1) (g) +++ +++ +++ + +/-
RFAL-3 () (g) +++ +++ ++ ++ + +
Other antigens associated with eukaemia:
BA-2 (b) 5 _ _ _ _ _
ALI (c) 21 - - - - -

Immunofluorescence reaction was scored subjectively from negative (-) to strong positive (+++).
*Histological classification based on that of Scott and Losowsky.'
(a) Coulter Clone (Coulter Electronics Ltd, Luton).
(b) Gift of Dr J Kersey, University of Minnesota.
(c) Gift of Dr AM LeBacq-Verheyden, University of Brussels.
(d) Gift of Professor W Knapp, Institute of Immunology, Vienna.
(e) Becton Dickinson (Laboratory Impex Ltd, Twickenham).
(f) RF-series monoclonal antibodies are available directly from Professor G Janossy (Royal Free Hospital, London).
(g) Professor G Janossy et al (in preparation) (Royal Free Hospital, London).

logy.'1'7 In this report we show the strong expres-
sion of a moeity related to CALLA in the brush
border of jejunal enterocytes and show that one
anti-CALLA monoclonal antibody, RFAL-2, is a
very sensitive marker of damage to small bowel
epithelium in coeliac disease.

Material and methods

PATIENTS AND TISSUE SPECIMENS
Specimens of tissue from 42 patients were
examined. Peroral jejunal biopsies were obtained
from 28 patients. Of these, 17 had been diagnosed
as having coeliac disease, of whom seven were
untreated and had severe (grade 3) or subtotal
(grade 4) villous atrophy.'8 All seven were subse-
quently shown to have a morphological response to
a diet free of gluten. The remaining 10 patients,
previously diagnosed as suffering from coeliac dis-
ease, ranged in morphology from severe villous
atrophy (grade 3, three cases) and partial villous
atrophy (grade 2, five cases) to essentially normal
(grade 1, two cases). Of the remaining 11 patients,
three had inflammatory bowel disease (one colitis,
two Crohn's ileitis) but normal (grade 1) jejunal
mucosa, and eight were regarded as "normal" con-
trols (five irritable bowel syndrome, one fibrosing
alveolitis, one iron deficiency anaemia, and one
macrocytic anaemia).

Gastric biopsies from the body and antrum were
obtained from two patients with normal histology.
Colonic biopsies were obtained at colonoscopy from
three patients with Crohn' s disease and three

patients with ulcerative colitis. Samples of normal
colonic mucosa were obtained at resection from four
patients with diverticular disease and two patients
with colorectal carcinoma. Finally, tissue from the
large and small intestine of fetus of 16 weeks' gesta-
tion was also studied.

Resection samples were dissected free of the mus-
cularis propria; all samples of tissue were orientated,
coated in ornithine carbamoyltransferase com-
pound, snap frozen in thawing isopentane, cut into
sections of 5 Am by cryostat. Sections were
thoroughly dried in air and stored dessicated at
- 700C. Some sections were fixed in chloroform:
acetone (1:1) mixture before drying and storage.

IMMUNOFLUORESCENCE
The 10 monoclonal antibodies to antigens associ-
ated with leukaemia used in this study are listed in
the Table. Eight of these antibodies were specific to
the 100 kilodalton (gplOO) CALLA antigen. The
three RFAL anti-CALLA antibodies were obtained
after fusion, induced by polyethylene glycol,'9 of
splenocytes from mice immunised with the
NALM-6 common acute lymphoblastic leukaemia
cell line20 with NSO/1 plasmacytoma cells.'9 Hybrid
clones were initially screened by immunofluores-
cence on sections of tissue and subsequently charac-
terised by flow cytofluorimetry. Two non-CALLA
antibodies raised to leukaemic cells were also
included for control purposes-namely, antibodies
BA-25 and AL1,2' which react with antigens associ-
ated with leukaemia of 24 and 120 kilodaltons,
respectively.
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Fig. 1-4 Immunofluorescence ofadultjejunum with anti-CALLA antibody RFAL-2. Micrographs were taken on
Ilford HPS emulsion with x 16 or x 25 Plan-Neofluar immersion lens, Zeiss standard 18 microscope.

Fig. 1 Normaljejunum (grade 1 histology) from patient with irritable bowel syndrome. Antibody reaction is strong
and confined to brush border ofcrypt and luminal epithelium.

Fig. 2 Jejunum from patient taking gluten free diet that is virtualy normal (grade 1 histology). Immunolocalisation
pattern is almost identical to that ofnormal jejunum, although tips of villi labelled slightly less strongly.

Fig. 3 Poorly treated coeliac disease. Morphology is grossly abnormal (grade 3) and villi very stunted. RFAL-2
reaction remains strong in brush border ofcrypt epithelium but is essentially absent from abnormal luminal
epithelium.

Fig. 4 Untreated coeliac disease with absence ofnormal viii (total villous atrophy, grade 4 histology) and
pathological damaged luminal epithelium. There is little reaction with RFAL-2; even reaction in crypts is diminished
and flattened mucosa is essentally negative.

The immunofluorescence reaction was performed
as previously described.22 Briefly, sections of tissue
were rehydrated in phosphate buffered saline and
incubated with 10 ,ul of monoclonal antibody (undi-
luted culture supernatant, suitably diluted ascites
fluid, or purified commercial preparations), washed,
and reincubated with fluorescein isothiocyanate con-
jugated goat antimouse immunoblobulin (Tago,

SeraLab, Crawley Down, Sussex). This conjugate,
which cross reacts with rat immunoglobulins, was
extensively solid phase absorbed on human
immunoglobulins coupled to cellulose carbonate23
and glutaraldehyde insolubilised24 homogenate of
whole human liver to ensure specificity. All incuba-
tions lasted 45 minutes at room temperature and
were followed by three 5 minute washes in phos-
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CALLA e-xpression in jejunal brush border

phate buffered saline. Controls consisted of omis-
sion of primary antibody and substitution with
irrelevant antibody. Monoclonal antibodies to T cell
subsets and HLA-DR22 and fibronectin25 were used
for this purpose. Preparations were mounted in
20/30 Gelvatol (Monsanto, London) containing
diaminobicycloctane and viewed in a Zeiss Standard
18 microscope equipped with epifluorescent illumi-
nation and selective filters.

Results

NORMAL JEJUNUM
The eight CALLA antibodies gave a characteristic
and specific reaction with the brush border of small
intestine epithelium of fetal and adult specimens
(Fig. 1). Of the antibody panel, only AL1 and BA-2
antibodies to non-CALLA (gplOO) antigens with
associated leukaemia were negative (Table). The
reaction of the anti-CALLA antibodies were une-
quivocal, ranging in intensity from moderate to
strong on fetal and adult jejunum. In adult speci-
mens of normal histology (grade 1) the reaction was
equally positive on crypt and villous epithelium. In
the fetal small intestine all antibodies except ALl
and BA-2 reacted strongly with enterocytes,
although there was a cytoplasmic reaction in some
crypt cells, rather than the brush border reaction
characteristic of adult jejunal epithelium.

COELIAC DISEASE
In patients with coeliac disease in whom there was
profound histological abnormality (grades 3 and 4)
seven anti-CALLA antibodies were still positive
with all epithelial cells, although there was a slight
tendency for a weaker reaction with the non-crypt
luminal surface epithelium with RFAL-3, J5, BA-3,
BD-CALLA, and VIL-1A (Table).
Whereas in normal jejunum RFAL-2 reacted

strongly with the entire villous and crypt epithelium
(Fig. 1), in biopsies of patients with untreated
coeliac disease of grade 4 histology RFAL-2 reactiv-
ity was diminished in the crypts and either weak or
absent from the remaining luminal epithelium (Fig.
4). In the patients with treated coeliac disease, rang-
ing in morphology from grade 1 (normal) to grade 3
(severe villous atrophy), RFAL-2 labelling was
closely related to the pathological change and
degree of atrophy present, almost certainly as a
function of the date a gluten free diet was started
and strictness of adherence to the diet: the less
severe the pathological villous atrophy the stronger
the reaction of RF-CALLA along the vili and the
more it resembled the normal jejunal pattern. Thus
in well treated patients with grade 1 histology the
reactivity pattern was the same as in normal
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jejunum, whereas in poorly treated patients (grades
2 and 3) there was much less reactivity on the
stunted villi, with a strong reaction observed only in
the crypts (Figs. 2 and 3).

STOMACH AND LARGE BOWEL
All antibodies, including the eight anti-CALLA
antibodies, were essentially negative on cryostat sec-
tions of normal stomach (antrum and body). There
was no reaction of anti-CALLA antibodies with the
fetal large bowel epithelium or adult large bowel
epithelium from patients with normal histology or
patients with inflammatory bowel disease (Crohn's
disease and ulcerative colitis).

Discussion

Our results clearly show the strong expression of a
moeity related to CALLA in the brush border of
normal jejunal epithelium. The essentially negative
reaction of anti CALLA antibodies in stomach
epithelium and the totally negative reaction in col-
onic epithelium imply a functional role for the entity
similar to common acute lymphoblastic leukaemia
expressed in normal jejunal epithelium, related to
the functional capacity of these cells. Notwithstand-
ing the clinical implications for direct immuno-
therapy with anti-CALLA monoclonal antibodies to
remove residual leukaemic cells,26 the finding that
anti-CALLA antibodies react with normal jejunal
epithelium suggests that such antibodies may be use-
ful probes for the study of absorbtive intestinal
enterocytes. Especially useful in this context would
be the antibody RFAL-2 in view of its apparent
ability to discriminate normal from damaged jejunal
epithelium.
The functional importance of the 90-100 kilodal-

ton (gplOO) CALLA entity, either on common
acute lymphoblastic leukaemia cells or on their
normal haemopoietic cell progenitors, is not clear.
Possibly, CALLA may be involved in absorptive
processes, given its strong expression by kidney
epithelium.'0 The CALLA expressed by various
non-lymphoid cells tends to differ slightly in molecu-
lar weight from CALLA that has been immuno-
precipitated from leukaemic cells.9 10 It is therefore
likely that "gplOO CALLA" subsumes a group of
related cell surface molecules, sharing a degree of
immunological similarity (and presumably sequence
homology) and expressed by a variety of normal and
malignant cells in different variant forms. This view
is supported by the different tissue localisation pat-
terns of different anti-CALLA antibodies (unpub-
lished observations) emphasised in this study.

Also of interest is a recent report of a 90 kilodal-
ton protein of rat renal and intestinal brush border
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identified with monoclonal antibody,27 although its
relation to CALLA was not investigated. The over-
whelming probability is that different CALLA anti-
bodies recognise different epitopes of the CALLA
expressed by common acute lymphoblastic
leukaemia cells (which need not necessarily be
shared by CALLA homologues expressed by non-
lymphoid cells).
Whether CALLA is, indeed, associated with

absorbtive functions and the microvilli of brush bor-
der structures remains to be determined. Our data
suggest that the particular epitope identified by
RFAL-2 may, indeed, be part of a functional
molecule, as loss of the RFAL-2 marker correlates
with the damage to epithelial cells and the severely
reduced absorbtive capacity associated with coeliac
disease. We suggest that RFAL-2 may be a particu-
larly valuable reagent in the study of jejunal brush
border, both for its practical application as a sensi-
tive marker for pathological change and as a means
of elucidating the structure and function of mic-
rovillous absorptive epithelia.
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line used to generate the RFAL monoclonal anti-
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