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Progress report
Immunoglobulins and the gut
Immunoglobulins are glycoproteins which are synthesized by plasma cells.
There are five known classes in man. IgG, IgM, and IgA mediate humoral
immunity. IgE constitutes the reaginic antibodies which are of importance in
the pathogenesis of allergic diseasesl ,2. A specific function for the fifth class,
IgD, is unknown.

In addition to the carbohydrate moiety, an immunoglobulin molecule is
composed of four polypeptide chains, a pair of one of the two antigenically
distinct types of light chains (K or A; MW about 22 000) and a pair of heavy
chains (MW 55 000-75000). K and A light chains are common to all immuno-
globulin classes, but heavy chains are specific to a particular class (eg, y chain
to IgG, a chain to IgM, and a chain to IgA). An IgM molecule (MW about
950 000; 19S) is a polymer of five of the basic immunoglobulin units linked
by sulphydryl bonds between heavy chains. The IgA which is found in serum
(MW 160 000; 7S) differs from the secretory IgA found in secretions bathing
mucosal surfaces; the latter (MW 380 000; 1 IS) is a dimer of the basic IgA
unit combined with another protein-the 'secretory' or 'transport piece'
(MW 60 000)3-5. 'Secretory piece', which is a glycoprotein with a high content
ofglycine characteristic of epithelial mucins6, probably stabilizes the secretory
IgA molecule and renders it more resistant to proteolysis5.

Papain cleavage of an immunoglobulin7 yields three fragments, two con-
sisting of a light chain and a part of a heavy chain (Fab piece) and the third
the remaining parts of both heavy chains (Fc piece). Antigen-combining
functions of the immunoglobulin molecule are mediated by the Fab region,
whereas non-antigen-combining functions, such as complement fixation (by
IgG and IgM), passive cutaneous sensitization, and binding to monocytes,
are mediated by the Fc region.

The Gut as a Central Lymphoid Organ

In birds there is a lymphoepithelial structure situated dorsal to the cloaca,
known as the bursa of Fabricius, which is responsible for the efferent limb
of humoral (B cell dependent) immunity. 1-0 Neonatal abolition of the bursa
in birds is followed by subnormal development of germinal centres and
plasma cells, impaired production of immunoglobulins, and deficient anti-
body responses.811-15 It has been suggested that plasma cells are dependent
on the integrity of this organ, primitive stem cells having to sojourn in the
bursa in order to undergo further differentiation.9 14'16,17
The mammalian equivalent of the bursa of Fabricius is not known with

certainty, but may well be lymphoid tissue associated with the gastrointestinal
tract.18 There is one human disease in which the defect in the immune system
is analogous to that found in the neonatally bursectomized bird, that is, the
Bruton type of hypogammaglobulinaemia.19'20 In this disease, which is
characterized fundamentally by a defect in the efferent limb of humoral (B
cell-dependent) but not cellular (T cell-dependent) immunity, there is a lack
of lymphoid tissue in the tonsils, adenoids, and appendix.
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The Gastrointestinal Secretory Immune System

In man immunoglobulins of different classes have been demonstrated in
gastrointestinal secretions5'6 and, using immunofluorescent staining tech-
niques, plasma cells containing each of the five classes of immunoglobulins
have been demonstrated in the lamina propria of the gastrointestinal tract.22-
29 IgA is the predominant immunoglobulin in these secretions5-6, and plasma
cells containing IgA predominate in the lamina propria.23-25,2728 In contrast
the content of IgD and IgE in gastrointestinal secretions is very small and
IgD- and IgE-containing cells in the lamina propria are very sparse,25,27-29
even though the gut is one of the important sites of IgE-containing cells.29 In
general the relative concentrations of the different immunoglobulin classes in
gastrointestinal secretions correlates with the distribution of different
immunoglobulin-containing plasma cells in the corresponding area ofmucosa,
and does not correlate with the concentrations of immunoglobulins in serum.
5,6,30

Most of the IgA present in gastrointestinal secretions is in the secretory
(1 IS) form.5'6 Secretory IgA is not synthesized as an entity at a single site of
synthesis. The 7S IgA immunoglobulin units are probably synthesized by the
local IgA-containing plasma cells which are in the lamina propria in close
relationship to the enterocytes.3' In contrast 'secretory piece' is probably
synthesized in enterocytes, since these cells alone, together with the corres-
ponding intercellular spaces and the surface mucous layer, stain immuno-
fluorescently with antisecretory piece antibody.3'31 The combination of
'secretory piece' with monomeric or dimeric32 IgA is thought to take place in
close relationship to the enterocytes.31 33The different sites of synthesis of
the IgA units and 'secretory piece' are emphasized by other experimental
data. Free 'secretory piece' has been found in amniotic fluid and urine from
premature infants, while the foetal and neonatal gastrointestinal tract
contains no demonstrable IgA-containing cells.,3435J In addition free 'secretory
piece' has been found in selective IgA deficiency.4 At least some ofthe relatively
small amount of 7S IgA which appears in gastrointestinal secretions is prob.
ably derived directly fromserum7SIgA, and this is not utilized to any appreci-
able extent in the synthesis of secretory IgA.6'37 Only a small proportion of
7S IgA synthesized in the wall of the intestine in man is normally delivered
to serum.38
The plasma cells in the mucosa ofthe gastrointestinal tract and the secretion

of immunoglobulins, in particular secretory IgA, constitute parts of a local
mucosal immune defence system.6 Secretory IgA in gastrointestinal secretions
contains antibodies, for instance isohaemagglutinins and viral and bacterial
antibodies.5 Active immunization with orally administered antigens, such as
poliomyelitis vaccine, results in local gastrointestinal production of antibodies
which appear in gastrointestinal secretions and are predominantly of secretory
IgA type.5'6 39A40 The secretory immune response tends to be limited to the
area of mucosa exposed to antigen and this localized immune response has
memory.6 After parenteral passive immunization antibodies sometimes appear
in gastrointestinal secretions.5
The gastrointestinal secretory immune system is distinct, developing and

functioning to a large extent independently of that responsible for the for-
mation of serum antibodies.5 Reduced numbers of IgA-containing plasma
cells have been found in the intestine of germ-free adult animals,41 an obser-
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Immunoglobulins and the gut

vation which lends support to the view that the development of the pre-
dominantly IgA-containing plasma cell system in the mucosa of the gastro-
intestinal tract depends largely on local antigenic stimulation. Clearly defined
differences exist in the antibody response to antigenic stimulation found in
secretions of the gastrointestinal tract and serum. For instance, gastrointestin-
ally administered antigens (local antigenic stimulation) can in certain
instances induce an antibody response in gastrointestinal secretions in the
absence of the inducement of appropriate serum antibodies42 and conversely
parentally administered antigens can induce antibody responses in serum in
the absence of antibody responses in gastrointestinal secretions.39 In other
instances either gastrointestinally or parenterally administered antigens
induce both serum antibodies and gastrointestinal secretory antibodies,39'40'42
antigen presumably reaching antibody-synthesizing sites distant from the site
of antigen administration. Furthermore after antigenic stimulation the titres
of antibodies in gastrointestinal secretions and serum may vary independently.
Gastrointestinal secretory antibody titres often correlate better with resistance
to and recovery from certain infections than corresponding serum titres.5 6'39
The mechanism of the antiviral and antibacterial action of secretory IgA

is not known with certainty.43 Although IgA, in contrast to IgM and certain
subclasses of IgG,does not usually fix complement, one group of investigators
have found that secretory IgA did fix complement in the presence of lysozyme
(which is synthesized by enterocytes) with resultant lysis of Escherichia coli.44
This work has not been corroborated. The current view is that while IgA does
not appear to fix complement by the conventional pathway it can fix com-
plement by the alternate pathway that does not involve Cl, C2, and C4, but
does consume the later components.

In addition to antiviral and antibacterial antibodies a number of auto-
antibodies have been detected in intestinal secretions in several diseases of
the gastrointestinal tract.6545 However, an important role for such antibodies
in the pathogenesis of disease has not been established.

Immunoglobulin-losing Gastroenteropathies

Whether loss of immunoglobulins from the plasma into the gastrointestinal
tract is an important process in the catabolism of these proteins in normal
subjects is controversial, because none of the techniques available for
quantitating gastrointestinal protein loss is wholly satisfactory. However,
available data suggest that such protein loss is probably only of minor
importance in the normal metabolism of immunoglobulins.'6"7 It has been
shown, however, that more than 70 diseases affecting the gastrointestinal
tract are associated with increased gastrointestinal loss of plasma proteins,
which almost certainly include the immunoglobulins.47 Such loss of plasma
proteins, at least in some diseases, is believed to be non-selective.49-51 Con-
sequently the serum concentrations of the two proteins with the slowest
fractional turnover rate, albumin and IgG,52 tend to be reduced to a relatively
greater extent than the serum concentrations of other proteins, whose intra-
vascular pools tend to be replenished more quickly.49
The mechanisms of increased gastrointestinal loss of immunoglobulins

include bulk loss of lymph fluid in intestinal lymphangiectasia, 49,53 Whipple's
disease,5 lymph fistulae5,5'5f and right ventricular failure,57-59 and exudation
in inflammatory and ulcerative lesions such as ulcerative colitis, regional

4
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enteritis, and tumours'610I. In many diseases such as adult coeliac disease,62'63
hypogammaglobulinaemia,64 hypertrophy of the gastric mucosa,"54, 65
amyloid infiltration of the intestine, and allergic gastroenteropathy,f66 the
mechanism of the increased enteric loss of plasma proteins is obscure.
When due to increased gastrointestinal loss low serum concentrations of

immunoglobulins are associated with shortened survival half lives of these
proteins in serum, but humoral immune responses are little impaired and the
frequency of infections is not appreciably increased.49 However, patients with
disorders of the gastrointestinal lymphatics,49'59 in addition to having low
serum concentrations of immunoglobulins, also have marked lymphocyto-
penia due to loss of lymphocytes from the circulation into the gastrointestinal
tract. Such lymphocyte depletion is associated with impaired cellular (T cell-
dependent) immune responses, in particular profound skin anergy and im-
paired homograft rejection.'9

Intestinal Absorption of Immunoglobulins

At least some protein molecules can cross the intestinal mucosa into the
circulation without being degraded. However, little is known about the
mechanisms involved with the notable exception of the immunoglobulins.
In the neonatal rat transference of passive immunity from mother to young
involves the transport of antibody molecules in colostrum or milk in an
immunologically competent form across the small intestinal mucosa into
intestinal lymphatics.67-69 It has been demonstrated that this process is
selective, shows species specificity, can be competitively inhibited, and is
associated with protein catabolism.67'70-75 Based on these experimental
findings an hypothesis for the mechanism of intestinal protein transport in
the neonatal rat has been put forward by Brambell.69'71'76 77 It was proposed
that there is initial non-specific uptake of protein molecules into pinocytotic
vacuoles in the enterocyte. It was also assumed that the proportion of the
protein molecules taken up that are selectively transported would become
bound to specific receptors, adapted for homologous protein, on the walls of
these vacuoles and that such binding would protect molecules from cata-
bolism.

Recently experimental data have been obtained in the neonatal rat78'79
which in large measure lend support to and extend Brambell's hypothesis. It
was shown that of the five classes ofimmunoglobulins only IgG is transported
across the intestinal mucosa to any appreciable extent. Further, although
there was some non-selective uptake of several different proteins in the
intestinal wall, the uptake of IgG involved an additional specific process, a
finding contrary to one of the assumptions inherent in Brambell's hypothesis.
It was shown that a major process involved in the selective uptake and trans-
port ofIgG is saturable, ie, there is a maximum absolute amount ofIgG which
can be taken up and transported per unit time. In addition the part of the
structure of the IgG molecule which mediates these processes is the Fc and
not the Fab region. This selective intestinal transport of IgG was shown to be
associated with the formation of high molecular weight complexes, containing
IgG, in the intestinal wall. Appreciable transport of IgG took place only
across the upper one third of the small intestine and this was the only part of
the gut in which complexing could be demonstrated. No complexing was
apparent in the small intestine of animals greater than 21 days of age, that is,
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Immunoglobulins and the gut

after the termination of the selective transport process. Cortisone acetate
(given on days 11-13) inhibited both the selective transport and complexing
of IgG. Thus selective transport of IgG and complexing of IgG appear to be
closely related phenomena. The IgG complexes did not represent IgG trapped
in lysosomal vesicles, but IgG bound to cell membranes, in particular to the
enterocyte microvillous membrane. This binding of IgG was critically depen-
dent on the pH of the surrounding medium. There was considerable binding
at pH 6A4 but none at pH 8.0. These data are consistent with a modification
of Brambell's hypothesis.69,71,76,77 It is suggested that there are specific
receptors for the Fc region of the IgG molecule on the enterocyte microvillous
membrane of the neonatal rat to which IgG molecules become attached
before the formation of pinocytotic vacuoles. The presence of such receptors
on the cell surface would explain the specificity of the uptake as well as the
transport processes. The saturability of the uptake and transport of IgG
would reflect competition for a limited number of cell surface receptors. The
attachment of IgG molecules to the cell receptors could prevent the degrada-
tion of IgG molecules by the contents of both the intestine and pinocytotic
vacuoles. After transcellular movement pinocytotic vacuoles probably
release the IgG molecules into the villous lacteal or via the Golgi apparatus
into the intercellular spaces. The major effects of minor changes in pH on the
binding of IgG to membranes may be of physiological importance in the
transport process. Binding of IgG to enterocyte microvillous membranes
would be facilitated by the slightly acid medium of the lumen of the small
intestine of the neonatal rat and the release of IgG from receptors would be
facilitated by the slightly alkaline extracellular fluids.

In man the transference of passive immunity from mother to young takes
place across placental entodermal epithelial cells,80'81 cells which, like the
enterocyte, contain pinocytotic vacuoles and have niicrovilli on their free
surface.

Alpha Chain Disease

In one of the diseases in which there is a proliferation of abnormal plasma
cells (lymphoma) associated with the production of appreciable quantities
of a particular immunoglobulin and/or immunoglobulin fragment, the
abnormal plasma cells are localized, at least initially, to the wall of the small
intestine and the immunoglobulin fragment produced in excess is a part of
the heavy chain of IgA (:x chain). This disease has been designated alpha
chain disease.82-84
The disorder has been diagnosed in subjects from diverse geographical and

ethnic origins, usually in the second to fourth decades. It is associated with
finger clubbing and evidence of intestinal malabsorption, such as impaired
absorption of fat, d-xylose, and vitamin B12.85 The wall of the small intestine
is thickened and the lamina propria contains an abundance of plasma cells,
which often appear to be immature.86 Immunofluorescent staining of these
abnormal cells has revealed poor fluorescence with anti-IgA conjugates,
compared with that given by intestinal plasma cells in normal subjects, and
no fluorescence at all with anti-K and A light chain conjugates.85 These
findings suggest that the export protein synthesized by these abnormal cells
is alpha chain. Furthermore synthesis of alpha chain by a jejunal mucosal
biopsy from one of these patients has been demonstrated in tissue culture.85
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Appreciable amounts of free alpha chain have been found in serum and also
in some cases in jejunal fluid, urine, and saliva. The alpha chain exists in
serum devoid of light chains in a highly polymerized form and migrates on
electrophoresis between the alpha 2 and beta globulins. 8285 The alpha chains
belong to a single subclass ofIgA (alpha 1). Serum concentrations of albumin,
IgG, andIgM are reduced. One patient with alpha chain disease in whom there
was apparently involvement of the respiratory tract has been described.87

Treatment of the condition has usually been along similar lines to those
advocated for other proliferative disorders of plasma cells, for instance with
intermittent prednisone and melphalan or cyclophosphamide therapy. Such
treatment has been associated with clinical improvement, a decrease in faecal
fat excretion, and increases in the serum concentrations of albumin, IgG, and
IgM.

Immunoglobulins, Coeliac Disease, and Malabsorption

In spite of much careful research into the aetiology of coeliac disease, the
mechanism by which damage to the intestinal mucosa is induced in this
disease has not been established, but the possibility that it arises primarily as
a consequence of an immunological event cannot be excluded.88
The serum concentration ofIgA tends to be increased in patients with

untreated coeliac disease, in common with a number of inflammatory lesions
of the gastrointestinal tract such as regional enteritis and ulcerative calitis.89-93
The increased serum content ofIgA is presumably to a large extent the result
of an increased contribution of 7S IgA from the lamina propria of the
intestine,94 even though the number of intestinal IgA-containing plasma cells
may not be increased.95 In addition secretoryllS IgA can be detected in the
serum of a much higher proportion of patients with coeliac disease and also
regional enteritis and ulcerative colitis than normal subjects.96 In contrast to
IgA the serum concentration ofIgM tends to be low in coeliac disease.90 92'93'97
Although low serum concentrations of IgM in this disease can be due to
increased enteric loss, the usual cause appears to be a decreased synthetic
rate,98 there being reduced numbers of IgM-containing plasma cells in the
bone marrow.95 However, in the jejunal mucosa, but not the rectal mucosa,
the number ofIgM-containing plasma cells is increased even when the serum
IgM concentration is low and the patient is on a strict gluten-free diet, while
the number of IgA-containing plasma cells is relatively decreased.95 97'99
Furthermore the concentration ofIgM is increased and that ofIgA relatively
decreased in jejunal secretions.95 An increased number of IgM-containing
plasma cells in the jejunal mucosa is not specific for coeliac disease, since a
similar observation has been made in ulcerative colitis.100 Studies of the con-
centrations of IgG, IgD, and IgE in serum and jejunal secretions and the
numbers of IgG-, IgD-, and IgE-containing plasma cells in the jejunal
mucosa of patients with coeliac disease have failed to provide any evidence
which might implicate any of these immunoglobulin classes in the pathogenesis
*of the disease.90'92993,95,101,102

Circulating antibodies to gluten or gluten extracts have been found in
patients with coeliac disease, but the titres do not correlate closely with the
activity of the disease. Circulating antibodies to other food proteins have
.also been found in patients with this disease and circulating antibodies to
gluten and other dietary proteins have also been found in patients with diseases
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Immunoglobulins and the gut

of the gastrointestinal tract other than coeliac disease.103-108 Similarly anti-
bodies to gluten or gluten extracts and other food proteins have been detected
in jejunal secretions in patients with coeliac disease and patients with other
intestinal diseases.108,109 Even so the incidence of antibodies to gluten in
jejunal secretions is appreciably higher in coeliacs than in non-coeliacs.108 109
However, antibodies to food proteins found in jejunal secretions are not
necessarily synthesized locally by the jejunal mucosa. They may be derived
from the circulation. Indeed the antibodies to food proteins found in both
serum and jejunal secretions in patients with coeliac disease could merely
reflect an increased permeability of the intestinal mucosa to food proteins.
These problems of interpretation have been circumvented by recent studies
of the synthesis of immunoglobulins and antibodies by jejunal biopsies. It
has been shown that the intestinal mucosa of patients with coeliac disease,
but not those with other gastrointestinal diseases, responds to gluten challenge
in vivo with a striking increase in the synthesis of IgA and IgM.110 In addition,
regardless of whether antibody to gluten is present or absent in serum or
secretions, jejunal biopsies of patients with coeliac disease in remission do not
produce antibodies to gluten, whereas jejunal biopsies from the same patients,
but not from normal control subjects, can and do produce antibodies to gluten
in response to the administration of gluten in vivo.111The increased synthesis of
immunoglobulins by jejunal biopsies after gluten challenge could be largely
accounted for by the synthesis of antibodies to gluten. This response occurs
within the intestinal mucosa where the pathological process is taking place
and it occurs early during the gluten challenge. The role of locally produced
antibodies to gluten in the pathogenesis of coeliac disease has yet to be
determined. The synthesis of these antibodies may be the primary pathological
event or it may be a secondary phenomenon which may or may not mediate
tissue injury. The predisposition to respond to gluten with a local intestinal
antibody response may be related to the possession of a certain histocom-
patability antigen, eg, HL-A8.112 A particular histocompatability gene may be
related to a particular immune response gene. Alternatively a particular
histocompatibility gene may represent proteins on the surfaces of cells which
may serve as binding sites (receptors) for materials of pathological signifi-
cance. In this context it is of interest that gluten binds to surfaces of entero-
cytes of patients with coeliac disease but not to those of normal individuals.23
Such binding may lead to direct tissue injury or it may facilitate the local
antigluten-antibody response which then results in tissue injury. It has
recently been suggested that the intestinal lesion in this disease may be induced
by a local Arthus type of reaction initiated by a local excess of IgM-precipitat-
ing and complement-fixing antibodies to gluten.113'114
As in coeliac disease, the small intestinal mucosa of patients with selective

IgA deficiency (type IV dysgammaglobulinaemia) also contains an infiltrate
of predominantly IgM-containing plasma cells.115"116 In this context it is of
interest that there may be a higher incidence of selective IgA deficiency in
patients with coeliac disease than in the general population.929117-119

There are a number of diseases other than coeliac disease in which abnormal
concentrations of immunoglobulins in serum and gastrointestinal secretions
may be associated with intestinal malabsorption.94 This applies in particular
to a proportion of patients with primary acquired hypogammaglobulinaemia
and certain types ofdysgammaglobulinaemia, eg, types I and IV. The evidence
of malabsorption includes impaired absorption of fat, d-xylose, and vitamin
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832 E. A. Jones

B12. In some there is increased bacterial overgrowth in the small intestine, in
some there is intestinal infestation with Giardia lamblia, and in some the
histology of the jejunal mucosa shows partial or subtotal villous atrophy or
nodular lymphoid hyperplasia."16,120'25 At the present time the relationship
between these various abnormalities and reduced concentrations of immuno-
globulins has not been clearly defined.

E. A. JONES
Department of Medicine, Royal Free Hospital, London

References

'Ishizaka, K., and Ishizaka, T. (1970). Biological function of yE antibodies and mechanisms of reaginic hyper-
sensitivity. Clin. exp. Immunol., 6, 25-42.

'Ishizaka, K. (1970). Human reaginic antibodies. Ann. Rev. Med., 21, 187-200.
3Tomasi, T. B., Jr., Tan, E. M., Solomon, A., and Prendergast, R. A. (1965). Characteristics of an immune

system common to certain external secretions. J. exp. Med., 121, 101-124.
4South, M. A., Cooper, M. D., Wollheim, F. A., Hong, R., and Good, R. A. (1966). The IgA system. I. Studies

of the transport and immunochemistry of IgA in the saliva. J. exp. Med., 123, 615-627.
'Tomasi, T. B., Jr., and Bienenstock, J. (1968). Secretory immunoglobulins. Advanc. lmmunol., 9, 1-96.
'Tomasi, T. B., Jr. (1970). Structure and function of mucosal antibodies. Ann. Rev. Med., 21, 281-298.
7Porter, R. R. (1959). The hydrolysis of rabbit v-globulin and antibodies with crystalline papain. Biochem. J.,

73,119-127.
"Glick, B., Chang, T. S., and Jaap, R. G. (1956). The bursa of Fabricius and antibody production. Poultry

Sci., 35, 224-225.
'Cooper, M. D., Peterson, R. D. A., South, M. A., and Good, R. A. (1966). The functions of the thymus sys-

tem and the bursa system in the chicken. J. exp. Med., 123, 75-102.
"Cooper, M. D., Gabrielsen, A. E., and Good, R. A. (1967). Role of the thymus and other central lymphoid

tissues in immunological disease. Ann. Rev. Med., 18, 113-138.
"Warner, N. L., Szenberg, A., and Burnet, F. M. (1962). The immunological role of different lymphoid organs

in the chicken 1. Dissociation of immunological responsiveness. Aust. J. exp. Biol. med. Sci., 40, 373-387.
'Glick, B. (1964). The bursa of Fabricius and the development of immunologic competence. In The Thymus in

Immunology, edited by R. A. Good and A. E. Gabrielsen, ch. 19, pp. 343-358. Harper and Row, New
York.

"Warner, N. L., and Szenberg, A. (1964). Immunologic studies on hormonally bursectomized and surgically
thymectomized chickens: Dissociation of immunologic responsiveness. In The Thymus in Immunology,
edited by R. A. Good and A. E. Gabnelsen, ch. 22, pp. 395-413. Harper and Row, New York.

"'Cooper, M. D., Peterson, R. D. A., and Good, R. A. (1965). Delineation of the thymic and bursal lymphoid
systems in the chicken. Nature (Lond.), 205, 143-146.

"Arnason, B. G., and Jankovic, B. D. (1967). Immunoglubulins after surgical bursectomy in chickens. J.
Immunol., 99, 917-924.

"St. Pierre, R. L., and Ackerman, G. A. (1965). Bursa of Fabricius in chickens: possible humoral factor.
Science, 147, 1307-1308.

"Cooper, M. D., Schwartz, M. L., and Good, R. A. (1966). Restoration ofgamma globulin production in agam-
maglobulinemic chickens. Science, 151, 471-473.

"Cooper, M. D., Perey, D. Y., McKneally, M. F., Gabrielsen, A. E., Sutherland, D. E. R., and Good, R. A.
(1966). A mammalian equivalent of the avian bursa of Fabricius. Lancet, 1, 1388-1391.

"'Bruton, 0. C. (1952). Agammaglobulinemia. Pediatrics, 9, 722-728.
2°Bruton, 0. C., Apt, L., Gitlin, D., and Janeway, C. A. (1952). Absence of serum gamma globulins. Amer. J.

Dis. Child., 84, 632-636.
"'Peterson, R. D. A., Cooper, M. D., and Good, R. A. (1965). The pathogenesis of immunologic deficiency

diseases. Amer. J. Med., 38, 579-604.
"Jeffries, G. H., and Sleisenger, M. H. (1965). Studies of parietal cell antibody in pernicious anemia. J. clin.

Invest., 44,2021-2028.
"Rubin, W., Fauci, A. S., Sleisenger, M. H., and Jeffries, G. H. (1965). Immunofluorescent studies in adult

celiac disease. J. clin. Invest, 44, 475-485.
"Crabbe, P. A., Carbonara, A. O., and Heremans, J. F. (1965). The normal human intestinal mucosa as a major

source of plasma cells containing yA-immunoglobulin. Lab. Invest., 14, 235-248.
25Crabb6, P. A., and Heremans, J. F. (1966). The distribution of immunoglobulin-containing cells along the

human gastrointestinal tract. Gastroenterology, 51, 305-316.
'2Gelzayd, E. A., Kraft, S. C., and Fitch, F. W. (1967). Immunoglobulin A: localization in rectal mucosal

epithelial cells. Science, 157, 930-931.
"Gelzayd, E. A., Kraft, S. C., and Kirsner, J. B. (1968). Distribution of immunoglobulins in human rectal

mucosa. 1. Normal control subjects. Gastroenterology, 54, 334-340.
"Gelzayd, E. A., Kraft, S. C., Fitch, F. W., and Krisner, J. B. (1968). Distribution of immunoglobulins in human

rectal mucosa. II. Ulcerative colitis and abnormal mucosal control subjects. Gastroenterology, 54,341-347.
"'Tada, T., and Ishizaka, K. (1970). Distribution of yE-forming cells in lymphoid tissues of the human and

monkey. J. Immunol., 104, 377-387.
30South, M. A., Warwick, W. J., Wollheim, F. A., and Good, R. A. (1967). The IgA system. III IgA levels isn

the serum and saliva of pediatric patients-evidence for a local immunological system. J. Pediat., 71,
645-653.

"lTourville, D. R., Adler, R. H., Bienenstock, J., and Tomasi, T. B., Jr. (1969). The human secretory immunoglob-
ulin system: Immunohistological localization of yA, secretory "piece" and lactoferrin in normal human
tissues. J. exp. Med., 129, 411-429.

3"Lawton, A. R., III, and Mage, R. G. (1969). The synthesis ofsecretory IgA in the rabbit. 1. Evidence for syn-
thesis as an I1 S dimer. J. Immunol., 102, 693-697.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.13.10.825 on 1 O

ctober 1972. D
ow

nloaded from
 

http://gut.bmj.com/


Immunoglobulins and the gut 833

"Heremans, J. F., and Crabbt, P. A. (1967). Immunohistochemical studies on exocrine IgA. In Gamma Glob-
ulins: Structure and Control of Biosynthesis (Nobel Symposium 3), edited by J. Killander, pp. 129-139.
Interscience, New York.

3"Bridges, R. A., Condie, R. M., Zak, S. J., and Good, R. A. (1959). The morphologic basis of antibody for-
mation development during the neonatal period. J. Lab. clin. Med., 53, 331-357.

3"Remington, J. S., and Schafer, I. A. (1968). Transport piece in the urines of premature infants. Nature (Lond.),
217, 364-365.

"Butler, W. T., Rossen, R. D., and Waldmann, T. A. (1967). The mechanism ofappearance of immunoglobulin
A in nasal secretions in man. J. clin. Invest., 46, 1883-1893.

"7Strober, W., Blaese, R. M., and Waldmann, T. A. (1970). The origin of salivary IgA. J. Lab. clin. Med., 75,
856-862.

3"Bull, D. M., Bienenstock, J., and Tomasi, T. B., Jr. (1971). Studies on human intestinal immunoglobulin A.
Gastroenterology, 60, 370-380.

390gra, P. L., Karzon, D. T., Righthand, F., and MacGillivray, M. (1968). Immunoglobulin response in serum
and secretions after immunization with live and inactivated poliovaccine and natural infection. New
Engl. J. Med., 279, 893-900.

"Crabbe, P. A., Nash, D. R., Bazin, H., Eyssen, H., and Heremans, J. F. (1969). Antibodies of the IgA type in
intestinal plasma cells ofgermfree mice after oral or parenteral immunization with ferritin. J. exp. Med.,
130, 723-744.

4"Crabb6, P. A., Bazin, H., Eyssen, H., and Heremans, J. F. (1968). The normal microbial flora as a major stim-
ulus for proliferation of plasma cells synthesizing IgA in the gut. The germ-free intestinal tract. Int.
Arch. Allergy, 34, 362-375.

4"Ogra, P. L., and Karzon, D. T. (1969). Distribution of poliovirus antibody in serum, nasopharynx and ali-
mentary tract following segmental immumnzation oflower alimentary tract with poliovaccine. J. Immunol.,
102, 1423-1430.

43Bienenstock, J. (1970). The significance of secretory immunoglobulins. Canad. med. Ass. J., 103, 39-43.
4'Adinolfi, M., Glynn, A. A., Lindsay, M., and Milne, C. M. (1966). Serological properties of yA antibodies to

Escherichia coli present in human colostrum. Immunology, 10, 517-526.
"'Watson, D. W. (1969). Immune responses and the gut. Gastroenterology, 56, 944-965.
4'Waldmann, T. A., and Strober, W. (1969). Metabolism of immunoglobulins. Progr. Allergy, 13, 1-110.
"4Waldmann, T. A., Wochner, R. D., and Strober, W. (1969). The role of the gastrointestinal tract in plasma

protein metabolism. Studies with "5Cr-albumin. Amer. J. Med., 46, 275-285.
4"Waldmann, T. A. (1966). Protein-losing enteropathy. Gastroenterology, 50, 422-443.
"Strober, W., Wochner, R. D., Carbone, P. P., and Waldmann, T. A. (1967). Intestinal lymphangiectasia: a

protein-losing enteropathy with hypogammaglobulinemia, lymphocytopenia and impaired homograft
rejection. J. clin. Invest., 46, 1643-1656.

6"Jarnum, S., and Jensen, K. B. (1972). Plasam protein turnover (albumin, transferrin, IgG, IgM) in M6n6trier's
disease (giant hypertrophic gastritis): evidence of non-selective protein loss. Gut, 13, 128-137.

"Jones, E. A., Young, W. B., Morson, B. C., and Dawson, A. M. (1972). A study of six patients with hyper-
trophy of the gastric mucosa, with particular reference to albumin metabolism. Gut, 13, 270-277.

5"Schultze, H. E., and Heremans, J. F. (1966). Mokcular Biology ofHuman Proteins with Special Reference to
Plasma Proteins. Volume 1. Nature and Metabolism of Extracellular Proteins, pp. 476-477. Elsevier,
Amsterdam.

"MWaldmann, T. A., Steinfeld, J. L., Dutcher, T. F., Davidson, J. D., and Gordon, R. S., Jr. (1961). The role of
the gastrointestinal system in 'idiopathic hypoproteinemia'. Gastroenterology, 41, 197-207.

"4Laster, L., Waldmann, T. A., Fenster, L. F., and Singleton, J. W. (1966). Albumin metabolism in patients with
Whipple's disease. J. clin. Invest., 45, 637-644.

"Riva, G., Barandun, S., Koblet, H., Nussle, D., and Witschi, H. P. (1964). Proteinverlierende gastroentero-
pathien: Klinik und pathophysiologie. Protides biol. Fluids, 11, 168-192.

"'Vesin, P., Roberti, A., Bismuth, V., Desprez-Curely, J. P., Disbuquois, G., and Biguie, R. (1965). Protein- and
calcium-losing enteropathy with lymphatic fistula into the small intestine. In Proceedings of the Third
Symposium on the Physiology and Pathophysiology of Plasma Protein Metabolism, pp. 179-185. Huber,
Berne.

"Jim6nez Diaz, C., Linazasoro, J. M., Lopez-Garcia, E., and Ramirez Guedes, J. (1960). Sobre la hipoalbu-
minemia en las pericarditis: Meeanismo y repercusiones. Estudios con proteinas marcadas de la rapidez
de perdida y renovacion de la albumina del plasma. Rev. clin. esp., 77, 252-256.

"Davidson, J. D., Waldmann, T. A., Goodman, D. S., and Gordon, R. S., Jr. (1961). Protein-losing gastro-
enteropathy in congestive heart-failure. Lancet, 1, 899-902.

59Strober, W., Cohen, L. S., Waldmann, T. A., and Braunwald, E. (1968). Tricuspid regurgitation. A newly
recognized cause of protein-losing enteropathy, lymphocytopenia and immunologic deficiency. Amer. J.
Med., 44, 842-850.

"°Steinfeld, J. L., Davidson, J. D., Gordon, R. S., Jr., and Greene, F. E. (1960). The mechanism of hypoprotein-
emia in patients with regional enteritis and ulcerative colitis. Amer. J. Med., 29, 405-415.

"'Jarnum, S., and Schwartz, M. (1960). Hypoalbuminemia in gastric carcinoma. Gastroenterology, 38, 769-776.
"Barandun, S., Aebersold, J., Bianchi, R., Kluthe, R., von Muralt, G., Poretti, G., and Riva, G. (1960).

'Proteindiarrhoe.' Zugleich ein Beitrag zur Frage der sogenannten essentiellen Hypoproteinlmie.
Schweiz. med. Wschr., 90, 1458-1467.

6"Vesin, P., Troupel, S., Acar, J., Renault, H., Desbuquois, G., and Cattan, R. (1960). Enteropathie avec
perte de proteines et st6atorrh&e. etude par le PVP-I"'3 et la triol6ine-I"'3. Action du regime sans gluten.
Bull. Soc. med. Hop. (Paris), 76, 261-271.

"4Waldmann, T. A., and Laster, L. (1964). Abnormalities of albumin metabolism in patients with hypogamma-
globulinemia. J. clin. Invest., 43, 1025-1035.

"6Citrin, Y., Sterling, K., and Halsted, J. A. (1957). Mechanism of hypoproteinemia associated with giant
hypertrophy of gastric mucosa. New Engl. J. Med., 257, 906-912.

"'Waldmann, T. A., Wochner, R. D., Laster, L., and Gordon, R. S., Jr. (1967). Allergic gastroenteropathy. A
cause of excessive gastrointestinal protein loss. New Engl. J. Med., 276, 761-769.

"'Halliday, R. (1955). The absorption of antibodies from immune sera by the gut of the youg rat. Proc. roy.
Soc. B., 143,408-413.

""Clark, S. L., Jr. (1959). The ingestion of proteins and colloidal materials by columnar absorptive cells of the
small intestine in suckling rats and mice. J. biophys. biochem. Cytol., 5, 41-50.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.13.10.825 on 1 O

ctober 1972. D
ow

nloaded from
 

http://gut.bmj.com/


834 E. A. Jones

"Brambell, F. W. R. (1970). The Transmission oJ Passive Immunityfrom Mother to Young. (Frontiers ofBiology,
Vol. 18, edited by A. Neuberger and E. L. Tatum), ch. 5 and 11, pp. 102-141 and 299-323. North-Holland,
Amsterdam.

7"Halliday, R. (1958). The absorption of antibody from immune sera and from mixtures of sera by the gut of
the young rat. Proc. roy. Soc. B., 148, 92-103.

7"Brambell, F. W. R., Halliday, R., and Morris, I. G. (1958). Interference by human and bovine serum and
serum protein fractions with the absorption of antibodies by suckling rats and mice. Proc. Roy. Soc. B.,
149, 1-11.

7"Halliday, R., and Kekwick, R. A. (1960). The selection of antibodies by the gut of the young rat. Proc. roy.
Soc. B., 153, 279-286.

73Brambell, F. W. R., Halliday, R., and Hemmings, W. A. (1961). Changes in '3I-labelled immune bovine y-glob-
ulin during transmission to the circulation after oral administration to the young rat. Proc. roy. Soc.
B., 153, 477-489.

74Bamford. D. R. (1966). Studies in vitro of the passage of serum proteins across the intestinal wall of young
rats. Proc. roy. Soc. B., 166, 30-45.

7"Bangham, D. R., and Terry, R. J. (1957). The absorption of"3I-labelled homologous and heterologous serum
proteins fed orally to young rats. Biochem. J. 66, 579-583.

"Brambell, F. W. R. (1963). Resemblances between passive anaphylactic sensitization and transmission of
passive immunity. Nature (Lond.), 199, 1164-1166.

7'Brambell, F. W. R. (1966). The transmission ofimmunity from mother to young and the catabolism ofimmuno-
globulins. Lancet, 2, 1087-1093.

78Jones, E. A., and Waldmann, T. A. (1972). The mechanism of intestinal uptake and transcellular transport of
IgG in the neonatal rat. J. clin. Invest., in press.

7"Waldmann, T. A., and Jones, E. A. (1972). The role of cell surface receptors in the transport and catabolism
of immunoglobulins. In Protein Turnover (Ciba Foundation Symposium), in press.

"ODancis, J., Lind, J., Oratz, M., Smolens, J., and Vara, P. (1961). Placental transfer of proteins in human
gestation. Amer. J. Obstet. Gynec., 82, 167-171.

8"Gitlin, D., Kumate, J., Urrusti, J., and Morales, C. (1964). The selectivity ofthe human placenta in the transfer
of plasma proteins from mother to fetus. J. clin. Invest., 43, 1938-1951.

"ISeligmann, M., Danon, F., Hurez, D., Mihaesco, E., and Preud'homme, J. L. (1968). Alpha-chain disease: a
new immunoglobulin abnormality. Science, 162, 1396-1397.

"3Rambaud, J. C., Bognel, C., Prost, A., Bernier, J. J., Le Quintrec, Y., Lambling, A., Danon, F., Hurez, D.,
and Seligmann, M. (1968). Clinico-pathological study ofa patient with 'Mediterranean' type of abdominal
lymphoma and a new type of IgA abnormality ('alpha chain disease'). Digestion, 1, 321-336.

"'Seligmann, M., and Rambaud, J. C. (1969). IgA abnormalities in abdominal lymphoma (a-chain disease).
Israel J. med. Sci., 5, 151-157.

""Doe, W. F., Hobbs, J. R., Henry, K., and Dowling, R. H. (1970). Alpha-chain disease. Quart. J. Med., 39,
619-620.

""Scotto, J., Stralin, H., and Caroli, J. (1970). Ultrastructural study of two cases of '-chain disease. Gut, 11,
782-788.

"'Stoop, J. W., Ballieux, R. E., Hijmans, W., and Zegers, B. J. M. (1971). Alpha-chain disease with involvement
of the respiratory tract in a Dutch child. Clin. exp. Immunol., 9, 625-635.

8"Booth, C. C. (1970). Enterocyte in coeliac disease. Brit. med. J., 3, 725-731, and 4, 14-17.
"9Eidelman, S., Davis, S. D., Lagunoff, D., and Rubin, C. E. (1966). The relationship between intestinal plasma

cells and serum immunoglobulin A (IgA) in man. (Abstr.) J. clin. Invest., 45, 1003-1004.
"'Hobbs, J. R., and Hepner, G. W. (1968). Deficiency of y M-globulin in coeliac disease. Lancet, 1, 217-220.
"'Kraft, S. C., Ford, H. E., McCleery, J. L., and Kirsner, J. B. (1968). Serum immunoglobulin levels in ulcerative

colitis and Crohn's disease. (Abstr.) Gastroenterology, 54, 1251.
"Asquith, P., Thompson, R. A., and Cooke, W. T. (1969). Serum-immunoglobulins in adult coeliac disease.

Lancet, 2, 129-131.
93Blecher, T. E., Ajdukiewicz, A. B., McCarthy, C. F., and Read, A. E. (1969). Serum immunoglobulins and

lymphocyte transformation studies in coeliac disease. Gut, 10, 57-62.
"Hobbs, J. R. (1969). Immunoglobulins and malabsorption. Proc. roy. Soc. Med., 62, 982-985.
"'Douglas, A. P., Crabb6, P. A., and Hobbs, J. R. (1970). Immunochemical studies of the serum, intestinal

secretions and intestinal mucosa in patients with adult celiac disease and other forms of the celiac
syndrome. Gastroenterology, 59, 414-425.

"Thompson, R. A., Asquith, P., and Cooke, W. T. (1969). Secretory IgA in the serum. Lancet, 2, 517-519.
"7Snltoft, J., and Weeke, B. (1969). Immunoglobulins in serum and jejunal biopsies in non-tropical sprue.

Acta med. scand., 186, 459-464.
*"Brown, D. L., Cooper, A. G., and Hepner, G. W. (1969). IgM metabolism in coeliac disease. Lancet, 1,858-861.
"S0ltoft, J. (1970). Immunoglobulin-containing cells in non-tropical sprue. Clin. exp. Immunol., 6, 413-420.
"'Soltoft, J. (1969). Immunoglobulin-containing cells in normal jejunal mucosa and in ulcerative colitis and

regional enteritis. Scand. J. Gastroent., 4, 353-360.
"'Johansson, S. G. 0. (1968). Serum IgND levels in healthy children and adults. Int. Arch. Allergy, 34, 1-8.
"'Hobbs, J. R., Hepner, G. W., Douglas, A. P., Crabb6, P. A., and Johansson, S. G. 0. (1969). Immunological

mystery of coeliac disease. Lancet, 2, 649-650.
'03Taylor, K. B., Thomson, D. L., Truelove, S. C., and Wright, R. (1961). An immunological study of coeliac

disease and idiopathic steatorrhoea. Serological reactions to gluten and milk proteins. Brit. med. J., 2,
1727-173 1.

"'4Heiner, D. C., Lahey, M. E., Wilson, J. F., Gerrard, J. W., Shwachman, H., and Khaw,K.-T.(1962).Precipitins
to antigens of wheat and cows milk in celiac disease. J. Pediat., 61, 813-830.

"0'Alarc6n-Segovia, D., Herskovic, T., Wakim, K. G., Green, P. A., and Scudamore, H. H. (1964). Presence of
circulating antibodies to gluten and milk fractions in patients with nontropical sprue. Amer. J. Med.,
36, 485-499.

""'Taylor, K. B. (1965). Role of immune responses in the gastrointestinal tract. Fed. Proc., 24, 23-28.
"7Kenrick, K. G., and Walker-Smith, J. A. (1970). Immunoglobulins and dietary protein antibodies in childhood

coeliac disease. Gut, 11, 635-640.
"'Ferguson, A., and Carswell, F. (1972). Precipitins to dietary proteins in serum and upper intestinal secretions

of coeliac children. Brit. Med. J., 1, 75-77.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.13.10.825 on 1 O

ctober 1972. D
ow

nloaded from
 

http://gut.bmj.com/


Immunoglobulins and the gut 835

'"Katz, J., Kantor, F. S., and Herskovic, T. (1968). Intestinal antibodies to wheat fractions in celiac disease.
Ann. intern. Med., 69, 1149-1153.

"°Loeb, P. M., Strober, W., Falchuk, Z. M., and Laster, L. (1971). Incorporation of L-leucine-14C into
immunoglobulins by jejunal biopsies of patients with coeliac sprue and other gastrointestinal diseases. J.
clin. Invest, 50, 559-569.

"Falchuk, Z. M., and Strober, W. (1971). Gluten sensitive enteropathy: intestinal synthesis of antigluten
antibody in vitro. (Abstr.) Clin. Res., 19, 390.

'13Falchuk, Z. M., Rogentine, G. N., and Strober, W. (1972). Predominance of histocompatibility antigen
HL-A8 in patients with gluten-sensitive enteropathy. J. clin. Invest., 51, 1602-1605.

"'Hobbs, J. R. (1971). Immunological disturbances in the pathogenesis of malabsorption. J. clin. Path., 24,
Suppi. (Roy. Coll. Path.), 5, 146-150.

"'Doe, W., Henry, K., Holt, L., and Booth, C. C. (1972). An immunological study of adult coeliac disease.
(Abstr.), Gut, 13, 324-325.

"Crabb6, P. A., and Heremans, J. F. (1966). Lack of gamma A-immunoglobulin in serum of patients with
steatorrhoea. Gut, 7, 119-127.

'CrabbW, P. A., and Heremans, J. F. (1967). Selective IgA deficiency with steatorrhea. A new syndrome.
Amer. J. Med., 42, 319-326.

"'Crabbe, P. A., and Heremans, J. F. (1968). Normal and defective production of immunoglobulins in the
intestinal tract. Mod. Probl. Padiat., 11 (Bibl. paediat., 87), 161-181.

"Anon (1971). IgA deficiency and coeliac disease. Lancet, 2, 144-145.
"'Hobbs, J. R. (1971). Immunoglobulins in clinical chemistry. Advanc. clin. Chem., 14, 219-317.
"'Rosen, F. S., and Janeway, C. A. (1966). The gamma globulint. III. The antibody deficiency syndromes.

New Engl. J. Med., 275, 709-715.
1'Hermans, P. E., Huizenga, K. A., Hoffman, H. N., II, Brown, A. L., Jr., and Markowitz, H. (1966). Dys-

gammaglobulinaemia associated with nodular lymphoid hyperplasia of the small intestine. Amer. J.
Med., 40, 78-89.

"2Cattan, D., Debray, C., Crabbe, P., Seligmann, M., March, C., and Danon, F. (1966). Duod6no-jjunite
infectieuse chronique avec atrophie villositaire subtotale et st6atorrhee reversible par antibioth6rapie
prolong6e. Carence isol6e en gamma A-immunoglobuline s6rique et salivaire. etude histologique et
immunohistochimique des muqueuses digestives. Bull. Soc. med. Hop. (Paris), 117, 177-196.

"1Gryboski, J. D., Self, T. W., Clemett, A., and Herskovic, T. (1968). Selective immunoglobulin A deficiency
with intestinal nodular lymphoid hyperplasia: correction of diarrhea with antibiotics and plasma.
Pediatrics, 42, 833-837.

"'Hughes, W. S., Cerda, J. J., Holtzapple, P., and Brooks, F. P. (1971). Primary hypogammaglobulinemia and
malabsorption. Ann. intern. Med., 74, 903-910.

1"Brown, W. R., Butterfield, D., Savage, D., and Tada, T. (1972). Clinical, microbiological, and immunological
studies in patients with immunoglobulin deficiencies and gastrointestiral disorders. Gut, 13, 441-449.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.13.10.825 on 1 O

ctober 1972. D
ow

nloaded from
 

http://gut.bmj.com/

