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We previously reported that a primitive vertebrate, the Mexican axolotl (Amphibian,
Urodela) synthesizes two classes of immunoglobulins. IgM are present in serum early in
the development, and represent the bulk of specific antibody synthesis after an antigenic
challenge. IgY occur in the serum later during the development, and are relatively
insensitive to immunization.
We demonstrate in the present work, using immunofluorescence with specific Mabs,

that IgY are expressed in the gut epithelium, as secretory molecules. Secretory IgY are
well expressed in the stomach and intestinal mucosae of young animals from 1 month
after hatching to the seventh month. Thereafter, IgY progressively disappear from the
gut and become readily detectable in the serum of 9-month-old preadult
immunologically mature animals.

Axolotl IgY are closely associated in the gut to secretory component-like (SC)
molecules that are well-recognized by antisera to the SC of different mammalian species.

This is the first description, in a primitive tetrapode, of an immunoglobulin class that
could be the physiological counterpart of mammalian IgA.

KEYWORDS: IgY, Secretory immunoglobulins, tissue distribution, amphibian development, axolotl, ontogeny.

INTRODUCTION

Protection of the mammalian gastrointestinal
mucosae against pathogenic agents largely
depends on nonimmune factors such as pH
(gastric acidicity), enzymatic secretions
(proteases, peroxidase, lysozyme), mobility of
the glandular epithelium, and mechanical
properties of the epithelial mucus (reviewed in
Pabst, 1987). The barrier function of the gut also
consists in lymphoid cells, either organized in
lymphoid structures such as Peyer’s patches, or
dispersed in the epithelium (intraepithelial lym-
phocytes, IEL). The majority of IEL lymphocytes
express the T-suppressor/cytotoxic phenotype,
whereas T cells in the lamina propria are mainly of
the T-helper subset (Cerf-Bensussan et al., 1983;
Hirata et al., 1986). Most ght-associated B lym-
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phocytes secrete Ig of the IgA class. Secreted IgA
molecules consist of IgA-dimers covalently
linked to a J chain and associated to a glycopro-
tein, the secretory component (SC) (Tomasi et al.,
1965; Lemaitre-Coelho et al., 1977a; Kihn and
Kraehenb(ihl, 1979). SC is the extracellular moi-
ety of a transmembrane receptor (the Poly-Ig
receptor) that allows cytoplasmic translocation of
IgA (and IgM) from the basolateral to the apical
side of enterocytes and the secretion of the trans-
located molecules in the digestive lumen
(Brandtzaeg, 1973, 1981; Nagura et al., 1979). The
Poly-Ig receptor is encoded by a gene belonging
to the Ig gene superfamily (Mostov et al., 1984).

Secretory immunoglobulins were also
observed in several nonmammalian species,
including birds (Bienenstock et al., 1973; Lebacq-
Verheyden et al., 1972), reptiles (Hidhge et al.,
1980), amphibians (Hsu et al., 1985), and fish
(reviewed in Hart et al., 1988).
We recently described in the axolotl, a neotenic
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urodele amphibian, a previously uncharacterized
LMW Ig class that we related to IgY (Fellah and
Charlemagne, 1988). These 11.9 S IgY molecules
are recognized by a monoclonal antibody (Mab
33.39.2) specific for the H chains. Two indepen-
dent populations of B lymphocytes synthesizing
IgM (B/t) or IgY (B) are present in the spleen of
younger than 2-month-old axolotls, but IgY mol-
ecules are not found in the serum before the
ninth month. However, high molecular weight
(HMW) IgM are present in the serum of 2-month-
old animals (Fellah et al., 1989).
The present work describes the transitory

expression, during the first 7 months of develop-
ment, of IgY in the axolotl gastrointestinal tract,
and their association with molecules anti-
genically related to mammalian SC.

RESULTS

Immunochemical Localization of IgY in the
Axolotl Gut

Ig distribution was investigated in the axolotl gut
using indirect immunofluorescence staining on
paraffin sections. Strongly fluorescent structures
appeared using Mab 33.39.2 (anti-H), with some
variations during larval development. In stom-
ach sections of young axolotls (1 month after
fertilization), a bright staining occurred in the
cytoplasm of large cells located in the lamina pro-
pria near the basal side of enterocytes (Fig. 1,
panels 1 and 2). These cells correspond to the sto-
mach serous or fundic gland structures. Cells of
the digestive epithelium were not labeled at this
stage.

In 1.5-month-old axolotl, the basal .side of epi-
thelium columnar cells begins to react with Mab
33.39.2. The stomach glands are then completely
differentiated and remain strongly labeled (Fig.
1, panels 3 and 4).

In elder animals (3 to 7 months), labeling was
also observed in the lumen of the secretory

glands. The basal area and the apical cytoplasm
of columnar cells fluoresced brightly; both crypt
and surface epithelial cells were stained by
33.39.2 (Fig. 1, panels 5 and 6). No reactivities
were noticed in muscularis mucosae and submuco-
sal structures. From the seventh month on, labe-
ling weakened and completely disappeared from
the stomacal mucosae at 9 months (Fig. 1, panels
7 and 8).

In intestinal mucosae, IgY were detected at the
three levels: duodenum, jejunum, and ileum. The
apical cytoplasm, the brush borders, and the
basal side of columnar cells fluoresced brightly
with Mab 33.39.2 (Fig. 2, panels 1 to 4). Goblet
cells were never stained. Like in stomach, the
reactivity against H chains in other segments of
the digestive tract was completely abolished at 9
months (Fig. 2, panels 5 and 6).
As a specificity control, some sections of axo-

lotl gut were incubated with Mab 33.39.2 in the
presence of purified axolotl Igs (50-100 tg/mL).
Under these conditions, no staining was
observed.
Mab 33.101.2, which recognizes a light-chain

determinant of axolotl Igs, and a rabbit anti-
serum (L-126) specific for noncarbohydrate
determinants of the two axolotl Ig isotypes
(Fellah and Charlemagne, 1988) were also used
for labeling of the axolotl gastrointestinal tract.
Although less intense, the fluorescence patterns
appeared similar to labels using Mab 33.39.2.
This is a clear indication that the revealed activi-
ties were due to recognition of immunoglobulin
molecules.
No labeling was detected in the axolotl gut at

any developmental stage with Mab 33.45.1,
specific for the IgM/ chain (Fig. 3).

SC-like Expression in the Axolotl Gut

In order to examine the presence of SC-like mol-
ecules associated with the axolotl gut, three poly-
clonal antibodies to human SC (230, 319, and

FIGURE 1. Immunofluorescence detection of secretory IgY in the axolotl stomacal mucosae with Mab 33.39.2. Panels 1, 3, 5, and
7: sections seen in phase contrast. Panels 2, 4, 6, and 8: revelation with Mab 33.39.2. Magnificationx600. In 3-week-old axolotl
stomach (panels and 2), IgY are concentrated in the cytoplasm of large glandular cells (arrows) forming acini, located in the
lamina propria. Epithelial cells (ec) are not labeled. Two weeks later (panels 3 and 4), the basal side of the epithelium begins to
react with Mab 33.39.2, however, apical surfaces are not stained. In 5-month-old axolotl stomach (panels 5 and 6), the apical and
basal surfaces of epithelial cells and the glandular lumens appear strongly fluorescent. After the eighth month (panels 7 and 8),
the anti-IgY labeling completely disappears from the stomacal mucosae. L: lumen.
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FIGURE
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FIGURE 2. Immunofluoresence detection of secretory IgY in the axolotl intestinal mucosae with Mab 33.39.2. Panels 1, 3, and 5:
sections seen in phase contrast. Panels 2, 4, and 6: revelation with Mab 33.39.2. Magnificationx600. In 5-week-old axolotl (panels
and 2), labeling is essentially lpcated in the cytoplasm of epithelial cells. Apical poles and membranes are not labeled at this stage.
At 5 months (panels 3 and 4), both cytoplasms and pole surfaces of epithelial cells appear clearly labeled. The muscular coat and
the conjunctive layer are not labeled. At 9 months (panels 5 and 6), no staining is detected in the intestinal mucosae.
cL: conjunctive layer; eC: epithelial cells; L: lumen.
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TRY) were tested by indirect immunofluoresc-
ence in paraffine sections of stomach and intesti-
nal tissues.
A strong fluorescence labeling was obtained

with both anti-SC 230 and TRY antisera. In stom-
ach of 5-month-old axolotls, labeling was concen-
trated essentially in glandular cells and in the
apical part of epithelial cells (Fig. 4, panels 1 and
2). In intestinal sections, the fluorescence pattern
was distributed on glandular structures and at
the basal, apical, and cytoplasmic levels of
enterocytes.
By using double immunofluorescence, tissue

sections were stained with anti-SC antibodies
and with Mab 33.39.2. A complete superposal of
the histological structures labeled by these two
antibodies was observed, suggesting a physical
association of the recognized molecules (Fig. 4,
panels 5 and 6).

The temporal expression of SC-like molecules
in the axolotl gut during ontogenesis appeared
slightly different from the expression of secretory
IgY. In 2-month-old animals, SC-like expression
was observed in both glandular cells and
enterocytes. After the seventh month, although
the fluorescence intensity progressively
decreased, staining was never completely abol-
ished. Thus, in adult axolotl (12-16-month-old), a
residual faint labeling was always observed at
the apical side (brush borders) of columnar cells
(Fig. 4, panels 3 and 4).
The anti-SC antiserum 319 (which mainly

recognizes the accessible determinants of SC, see
Materials and Methods) has no reactivity for the
axolotl gastrointestinal tract.
To confirm the presence of an SC-like molecule

in the axolotl gut, several polyclonal antibodies
directed against bile or milk mammalian SC were

FIGURE 3. Immunofluorescence detection of IgM in axolotl stomach (panels and 2) are intestine mucosae (panels 3 and 4).
Panels and 3: sections seen in phase contrast. Panels 2 and 4: revelation with Mab 33.34.1. Magnificationx600. This experiment
indicates that IgM are not expressed in the axolotl digestive tract, although in the same experimental conditions, intraepithelial
IgY are easily detected. L: lumen.
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FIGURE 4. Immunofluoresence staining of stomacal mucosae with the antihuman SC sheep 230 antiserum. Panels and 3:
sections seen in phase contrast. Panels 2 and 4: revelation with antiserum 230. Panels 5 and 6: double immunofluoresence using
Mab 33.39.2 (5) and antiserurta 230 (6). Magnificationx600. In 5-month-old stomach (panels and 2), a bright labeling of the
membrane and cytoplasm of glandular cells is observed. The apical and basal sides of epithelial cells (eC) are also strongly
revealed. At 12 months (panels 3 and 4), only the apical poles of epithelial cells are slightly labeled. The double
immunofluorescence experiment using Mab 33.39.2 (panel 5) and antiserum 230 (panel 6) on the same section of a 5-month-old
axolotl stomach reveals a perfect superposal pattern of both labels. L: lumen; Lp: lamina propria.
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TABLE
Origins, Specificities, and Anti-axolotl Reactivities (as
Estimated by Immunofluoresence Intensity) of the Various
Anti-SC Antibodies Used

Antibody to Code Made in Reactivity with
number axolotl gut

Human milk SC 230 sheep ++++
Human milk SC 319 sheep
Human milk SC TRY rabbit +++
Human milk SC L 519 rabbit +/-
Human milk SC Ch 606 goat +
Rat bile SC L 858 rabbit
Rat bile SC Ch 657 goat +++
Mouse milk SC L 863 rabbit
Guinea pig milk SC L 709 rabbit
Dog milk SC Ch 607 goat ++

aReferences for antisera 230, 319, and TRY given in Materials and Methods.
References for the other antisera Delacroix and Vaerman, 1981 (Ch 606);
Vaerman et al., 1975a (L 858); Acosta-Altamirano et al., 1980 (Ch 657); Lemaitre-
Coelho et al., 1977b (L 863); Vaerman et al., 1975b (L 709); Delacroix et al., 1983 (Ch
607). Antiserum L 519 (from J.P.V) not previously described.

tested, and the results are summarized in Table 1.
The staining patterns observed with goat antisera
657 and 606, and with rabbit antiserum L 519,
were similar to those given by antiserum 230, the
fluorescence appearing, however, to be much
weaker.

DISCUSSION

Our results demonstrate the presence of IgY in
the axolotl gastrointedtinal tract, using a well-
characterized Mab (33.39.2) specific for the H
component of these molecules. These obser-
vations are confirmed by the recognition of the
same structures by Mab 33.101.2, which is
specific for a light-chain epitope of axolotl IgY
and IgM, and by a rabbit antiserum (L-126)
recognizing all the polypeptide components of
both Ig classes. On the other hand, Mab 33.45.1,
specific for the Ht component of axolotl IgM,
never reacted with gut mucosal structures. These
Mabs and the antiserum L-126 were widely used
in our previous works for the detection of differ-
ent lymphoid subpopulations using immunohis-
tological techniques (Fellah, 1989; Fellah et al.,
1989). Their specificities were always clear and
selective, and they never stained, except for B
lymphocytes, any epidermic (including mucous
glands), mesodermic, or nervous structure, even
in backgrounds.

Staining of 1-month-old axolotl gut structures
was bright and precisely located in glandular

structures, forming acini in stomach and intestine
submucosae. The histological observation of
these glands in axolotl larvae indicates that they
are in continuity with the digestive epithelium.
One month later, labels were also found associ-
ated to basal and apical parts of absorptive epi-
thelial cells. By comparison, immunohistochem-
ical studies of IgA distribution in the mammalian
gut mucosae show a similar distribution: the epi-
thelium labeling for IgA was seen to be related to
the basolateral surface of columnar cells and
found in the apical cytoplasm (reviewed in
Brandtzaeg, 1974).

In 2-month-old axolotls, although differen-
tiated B/t and B lymphocytes were present in
the spleen, only IgM molecules were secreted in
serum. Histological studies of axolotl intestine
and stomach sections revealed the presence of
rare lymphoid cells in lamina propria and epi-
thelium, but cells of the plasmocytic series were
not seen (Fellah et al., 1989). This suggests that in
the axolotl, secretory Ig are not locally pro-
duced by gut-associated B cells.

Five different antisera against human or rat SC
were tested on axolotl gut sections and showed
staining patterns similar to that obtained using
Mab 33.39.2. These results were confirmed by
double fluorescence experiments giving patterns
similar to those described in the mammalian
intestinal mucosae when using SC and IgA anti-
bodies (Brandtzaeg, 1974). After the seventh
month, the expression of SC in axolotl decreased
in the same way as that of intraepithelial IgY.

In this study, significant immunofluorescence
reactions using polyclonal anti-SC antisera were
never observed at the level of mesodermic struc-
tures like blood vessels, connective tissues, or
muscular structures. Skin epithelial structures
and associated glands were not stained. These
antisera never reacted against axolotl Igs in
ELISA or Western blotting (data not shown) and
were controlled to be unreactive for free mam-
malian IgA (Geneste et al., 1986). Antiserum 230
(anti-human milk SC) appeared highly specific at
low dilutions (1/2000) and never reacted with
axolotl leukocytes.

Preliminary immunoblotting experiments indi-
cate that antiserum 230 reveals a 78 kD polypep-
tide in young axolotl stomach and intestine
extracts, in good correlation with the estimated
molecular weight of mammalian SC (Kihn and
Kraehenbhl, 1981).
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In mammals, only the dimeric forms of IgA
molecules locally secreted by gut plasma cells, or
coming from the serum, can bind to the epithelial
Poly-Ig receptors, whereas IgA monomers can-
not. In the rat, mouse, rabbit, and chicken, a
dimeric form of serum IgA can be transported
from blood to bile (reviewed in Underdown and
Schiff, 1986). The sedimentation constant of
serum axolotl IgY (11,9 S) suggests a dimeric
form and thus the capacity to be directly cap-
tured by the epithelial secretory system. How-
ever, it is still not known if the axolotl IgM and
IgY do or do not possess a J chain, a prerequisite
for strong binding of mammalian Igs to SC.
The transitory expression of high levels of

Poly-Ig receptor-like molecules, associated to the
basal membrane of the digestive epithelium in
young axolotls, could be an explanation for the
inverse correlation between the IgY levels in gut
and serum. One to three weeks after hatching, a
small number of B and B/2 appear in the spleen
and IgM, but no IgY can be detected in serum.
Thus, in young immunologically immature ani-
mals, the total secreted igY input brought by
lymphatic and blood circulations may be cap-
tured by the gut secretory system and serve to
protect the intestinal barrier in the absence of
more specific immune responses. Since the sev-
enth month, a lower expression of Poly-Ig recep-
tors may allow th progressive accumulation of
IgY molecules in serum.

MATERIALS AND METHODS

Animals

Axolotls (Ambystoma mexicanum) of the Ax6 black
strain were bred in our laboratory colony in
14 -16 C tap water and fed twice a week with
commercial fish pellets. About 100 animals from
1-month-old to adult (17-month-old) were used
in this study.

Antibodies

Obtention and characterization of Mabs specific
for axolotl Ig chains have already been described
(Chardin et al., 1987; Fellah and Charlemagne,
1988). Mabs 33.45.1 and 33.39.2 are specific for
the /2 and heavy-chain isotypes, respectively.

Mab 33.101.2 recognizes an Ig light-chain deter-
minant shared by both Ig classes.

Polyclonal SC-specific antisera 230 and 319
were obtained from sheep hyperimmunized with
purified human colostral SC and their fine speci-
ficities have been previously described (Iscaki et
al., 1978; Geneste et al., 1986). Briefly, antiserum
230 recognizes four SC antigenic determinants
[A1, A2 (accessible when SC is combined with
IgA), I (hidden), and R (partially hidden),]
whereas antiserum 319 is mainly directed against
the accessible determinants of SC.
An antiserum (rabbit TRY) specific for the A2

and weakly for the A1 determinants of SC was
also used (Geneste et al., 1986).
A set of polyclonal antibodies directed against

milk and/or bile SC of different mammalian
species was also used and its origins and speci-
ficities are listed in Table 1.
To remove potential natural antibody activities

against axolotl cell-surface determinants, all the
anti-SC antisera were absorbed twice, for 30 min
at 4 C with packed axolotl erythrocytes (v/v),
before use.

Immunohistology

Organs were washed in amphibian phosphate-
buffered saline (A-PBS, Du Pasquier et al., 1972)
and fixed for 24 hr in paraformaldehyde-lysine
sodium periodate (PLP, Gendelman et al., 1983).
Pieces were then washed for 24 hr in A-PBS,
dehydrated in isopropanol for 15 hr and cleared
for 15 min in chloroform. The procedure was per-
formed at 4 C. Tissues were then embedded in
paraffin. Sections (7/2m) were floated onto slides
previously coated with 0.01% poly-L-lysine
(Sigma) and stored for 24 hr at room temperature
before use.

For immunofluorescence staining, the deparaf-
fined sections were washed twice in A-PBS, satu-
rated for 30 min with 3% defatted dry milk in A-
PBS and incubated with the first antibody. After
three washes in A-PBS, sections were incubated
with the FITC-labeled second antibody pre-
viously absorbed with axolotl leucocytes.

For double immunofluorescence labeling, after
the blocking steps, sections were incubated suc-
cessively with the first antibody (Mab anti-
axolotl Ig), biotinylated rabbit anti-mouse IgG
(1/200 in A-PBS, Amersham), Texas red conju-
gated avidine (1/50 in A-PBS, Amersham), the
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second antibody (sheep anti-human SC), and,
finally, FITC-conjugated goat anti-sheep anti-
bodies (1/200 in A-PBS, Sigma). Each incubation
step was followed by three washes in A-PBS. Sec-
tions were mounted in Mowiol (Hoechst) and
observed by epifluorescence UV microscopy.
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