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Leptin and the Obesity Receptor (OB-R) in the Small Intestine and
Colon: A Colocalization Study

Gert H. Hansen, Lise-Lotte Niels-Christiansen, and E. Michael Danielsen

Department of Cellular and Molecular Medicine, the Panum Institute, University of Copenhagen, Copenhagen, Denmark

SUMMARY Leptin is a hormone that plays an important role in overall body energy homeo-
stasis, and the obesity receptor, OB-R, is widely distributed in the organism. In the intestine, a
multitude of leptin actions have been reported, but it is currently unclear to what extent the
hormone affects the intestinal epithelial cells by an endocrine or exocrine signaling pathway.
To elucidate this, the localization of endogenous porcine leptin and OB-R in enterocytes and
colonocytes was studied. By immunofluorescence microscopy, both leptin and OB-R were
mainly observed in the basolateral membrane of enterocytes and colonocytes but also in the
apical microvillar membrane of the cells. By electron microscopy, coclustering of hormone and
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receptor in the plasma membrane and localization in endosomes was frequently detected at KEY WORDS
the basolateral surface of the epithelial cells, indicative of leptin signaling activity. In contrast, leptin
coclustering occurred less frequently at the apical cell surface, and subapical endosomal lo- OB-R
calization was hardly detectable. We conclude that leptin action in intestinal epithelial cells intestine
takes place at the basolateral plasma membrane, indicating that the hormone uses an endo- jejunum
crine pathway both in the jejunum and colon. In contrast, the data obtained did not provide colon
evidence for an exocrine, lumenal action of the hormone in the intestine. enterocyte

(J Histochem Cytochem 56:677-685, 2008) colonocyte

LerTIN, the 16-kDa peptide hormone encoded by the 0b
gene, was originally described as a secretory protein of
white adipose tissue acting on the hypothalamus to con-
trol energy storage (Zhang et al. 1994). It has since be-
come apparent that a number of other tissues, including
stomach, placenta, brain, skeletal muscle, and mammary
epithelium, secrete leptin (Masuzaki et al. 1997; Bado
et al. 1998; Wang et al. 1998; Ahima and Flier 2000;
Wilkinson et al. 2000) and that the hormone also func-
tions in a number of peripheral tissues and organs, as
evidenced by the widespread tissue distribution of the
obesity receptor (OB-R) (Baratta 2002; Fruhbeck 2006;
Myers et al. 2008). Consequently, in addition to its role in
body weight homeostasis, leptin signaling has been re-
ported to play a role in a diverse range of physiological
functions (Baratta 2002; Bjorbaek and Kahn 2004). As a
member of the class I cytokine receptor superfamily, the
OB-R signals by association with janus tyrosine kinases
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(Ihle 1995), but in addition, it may also participate in,
and cross-talk with, other signaling pathways (Fruhbeck
2006). OB-R exists in several splice variants that share
an extracellular ligand-binding domain and that are com-
monly classified into short, long, and secreted receptor
forms. Of these, only the long form (OB-Rb) contains
the intracellular motifs required for Janus kinase-signal
transducer and activator of transcription signaling, and
its expression is therefore considered crucial for leptin
action (Fruhbeck 2006; Myers et al. 2008).

After the initial publication of leptin action in in-
testinal cells (Morton et al. 1998), many subsequent
reports have described the localization of OB-R in en-
terocytes and colonocytes of the small intestine and
colon, respectively (Hardwick et al. 2001; Buyse et al.
2001; Barrenetxe et al. 2002; Aparicio et al. 2004,
2005; Cammisotto et al. 2005). Functionally, leptin
has been shown to affect a number of absorptive pro-
cesses in the small intestine. Thus, leptin has been re-
ported to lower levels of circulating apolipoprotein IV
by suppressing synthesis in the small intestine (Morton
et al. 1998; Doi et al. 2001), and the activity of PepT1,
a peptide transporter in the brush border, was in-
creased by leptin in Caco-2 cells, implying a role of
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leptin in controlling ingestion of dietary protein (Buyse
et al. 2001). Furthermore, the brush border sodium-
dependent glucose transporter SGLT-1 was shown to
be rapidly downregulated by leptin (Lostao et al. 1998;
Ducroc et al. 2005). Overall, these studies indicate
that dietary uptake of all major classes of nutrients
may be controlled by leptin. In the colon, leptin has
been shown to stimulate mucin secretion from goblet
cells (Plaisancie et al. 2006; El Homsi et al. 2007), but
it has also been observed to act as a proinflammatory
cytokine in inflammatory bowel disease (Sitaraman et al.
2004). In addition, leptin has been reported to promote
invasiveness of colonic cells (Attoub et al. 2000) and to
be overexpressed in colorectal cancer (Koda et al. 2007).

It is known that the gastric mucosa secretes leptin
not only by an endocrine pathway but also by an exo-
crine pathway (Cammisotto et al. 2005). Furthermore,
leptin secreted from the gastric chief cells binds to a
protein corresponding to the extracellular domain of
OB-R and thereby becomes resistant to the gastric juice
(Cammisotto et al. 2006). Lumenal leptin may thus be
enabled to interact with apically localized OB-Rs in
intestinal epithelial cells and regulate nutrient assimi-
lation, as described above, by an exocrine pathway.
Alternatively, leptin, synthesized by the gastric mucosa
or elsewhere in the body, may reach the intestinal epi-
thelium through the blood in a classical endocrine fash-
ion and interact with OB-Rs localized in the basolateral
part of the plasma membrane.

Despite the large number of reports previously pub-
lished on leptin action in the intestine, it is not yet fully
clear to what extent the hormone functions by endocrine
and/or exocrine pathways. In this study, we therefore per-
formed a colocalization of endogeneous leptin and OB-R
by high-resolution immunogold electron microscopy.
Both hormone and receptor were detected apically and
basolaterally in enterocytes and colonocytes, but only in
the latter part of the plasma membrane was close colo-
calization and presence in endosomes frequently observed.

Materials and Methods

Reagents and Intestinal Tissues

Reagents were obtained from the following commercial
suppliers: leptin (Sigma-Aldrich, St. Louis, MO; http://
www.sigma-aldrich.com/); a rabbit antibody to leptin
and a mouse antibody to the a-chain of Na*/K*-ATPase
(cat. no. PA1-051 and MA3-928, respectively; Affinity
Bioreagents, Golden, CO, http://www.bioreagents.com/);
a rabbit antibody to the leptin receptor (OB-R) (cat. no.
sc-8325; Santa Cruz, Santa Cruz, CA, http://www.scbt.
com/); a rabbit antibody to intestinal alkaline phos-
phatase (IAP) (cat. no. 0300-1024; Biogenesis, Poole, UK,
http://www.biogenesis.co.uk/); secondary Alexa 488/594-
conjugated antibodies for immunofluorescence micros-
copy (Invitrogen, Carlsbad, CA; http://www.invitrogen.
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com/); secondary horseradish peroxidase—coupled anti-
bodies for immunoblotting, secondary antibodies for
immunogold electron microscopy, and antifade medium
(Dako, Glostrup, Denmark; http://www.dako.dk/); and
ECL immunoblotting detection reagents (GE Healthcare,
Chalfont St. Giles, UK; http://www.gehealthcare.com/
dkda/index.html). A rabbit antibody to aminopepti-
dase N (ApN) used in this study has been described
previously elsewhere (Hansen et al. 1987).

Segments of adult porcine jejunum, taken ~1.5 m
from the pylorus and from the transverse part of the
colon, were surgically obtained from anesthetized ani-
mals by licensed staff of the Department of Experimental
Medicine, the Panum Institute, Copenhagen, Denmark.

Immunofluorescence Microscopy

Small segments of jejunum and colon were fixed im-
mediately after excision from the animals in 4% para-
formaldehyde in 0.1 M sodium phosphate, pH 7.2 (PB),
for 2 hr at 4C. After a rinse in PB, the segments were
frozen in precooled 2-methylbutane and mounted on a
precooled cryostat table. Sections were cut in a Leica
CM1850 cryostat at —20C, collected on glass slides,
and labeled with antibodies to leptin, OB-R, and
Na™/K*-ATPase, followed by labeling with Alexa 488/
594-conjugated secondary antibodies. Control exper-
iments were routinely performed in parallel by omis-
sion of the primary antibodies. Finally, sections were
mounted in antifade medium and examined in a Leica
DM 4000 B microscope equipped with a Leica DC 300
FX digital camera (Leica; Wetzlar, Germany).

Immunogold Electron Microscopy

For ultracryosectioning, intestinal segments were fixed
in 4% paraformaldehyde and rinsed in PB as described
above. The segments were immersed overnight in 2.3 M
sucrose, containing 1% paraformaldehyde, and mounted
on top of a metal pin and frozen in liquid nitrogen.
Ultracryosections were cut in a RMC MT 6000-XL
ultramicrotome (Tucson, AZ), collected with a sucrose
droplet, and attached to formvar-coated nickel grids.
Immunogold labeling was performed with primary anti-
bodies to leptin and OB-R, followed by gold-conjugated
secondary antibodies, as previously described (Hansen
et al. 1999). The antibody to OB-R was raised against
amino acids 541-840 mapping within an internal domain
of the human OB-R. Among several commercial anti-
bodies initially tested for this study, this antibody was
selected because it recognized a single band of ~150 kDa
in immunoblotting in the membrane fractions of por-
cine jejunum and colon. This particular antibody has
previously been used by others for immunodetection of
OB-R in breast cancer cells and bone marrow stromal
cells (Kim et al. 2003; Saxena et al. 2007).

Control experiments were routinely included in par-
allel by omission of the primary antibodies. Finally,
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Leptin and OB-R in the Jejunum and Colon

the labeled ultracryosections were examined in a Zeiss
EM 900 electron microscope equipped with a Mega
View II digital camera (Zeiss; Oberhochen, Germany).

Morphometric Analysis

A morphometric analysis of double immunogold-
labeled sections of jejunum and colon was performed
as follows: 7- (OB-R) and 13-nm (leptin) gold particles
were counted in images of apical and basolateral areas
of both jejunum and colon. Only particles lining
the plasma membrane were counted and scored either
as non-colocalized (when the distance between small
and large particles was >30 nm) or colocalized. About
300 pm of randomly selected plasma membranes
was analyzed in each of the subcellular locations, us-
ing the Mega View II software system.

Subcellular Fractionation

Samples of ~1 g of jejunal mucosa were fractionated
by the divalent cation precipitation method (Booth
and Kenny 1974). Briefly, the mucosa was homoge-
nized in 5 ml 2 mM Tris-HCI and 50 mM mannitol,
pH 7.1, containing 10 wg/ml aprotinin and leupeptin
using a manually operated Potter-Elvehjem homoge-
nizer. The homogenate was centrifuged at 120 X g
for 5 min, and MgCl, was added to the supernatant
to a final concentration of 10 mM. After a 10-min in-
cubation on ice, the preparation was centrifuged at
1100 X g for 10 min to pellet intracellular and baso-
lateral membranes (Mg?"-precipitated fraction). The
supernatant was centrifuged at 48,000 X g for 30 min
to obtain a pellet of microvillar membranes and a su-
pernatant of soluble proteins.

Samples of ~1 g of colon were homogenized in 5§ ml
25 mM HEPES-HCI and 150 mM NacCl, pH 7.1, con-
taining 10 wg/ml aprotinin and leupeptin as described
above. The homogenate was centrifuged at 120 X g
for 5 min, and the supernatant was centrifuged at
48,000 X g for 30 min to obtain a pellet of total mem-
branes and a supernatant of soluble proteins.

Analysis of Detergent-resistant Membranes (DRM:s)

DRMs were prepared from jejunal Mg?*-precipitated
membranes and resuspended in 1 ml of 25 mM HEPES-
HCl and 150 mM NaCl, pH 7.1, containing 10 pg/ml
aprotinin and leupeptin by extraction with 1% Triton
X-100 for 10 min on ice. The DRMs were isolated by
sucrose gradient ultracentrifugation as previously de-
scribed (Brown and Rose 1992; Danielsen 1995), and
after centrifugation, the gradients were fractionated for
subsequent analysis by SDS/PAGE and immunoblotting.

Electrophoresis and Immunoblotting

SDS/PAGE in 10% or 15% gels was performed as pre-
viously described (Laemmli 1970). After electrophore-
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sis and electrotransfer onto Immobilon polyvinylidene
difluoride (PVDF) membranes, immunoblotting was per-
formed using primary antibodies to leptin, OB-R, or IAP,
followed by incubation with horseradish peroxidase—
coupled secondary antibodies. The blots were developed
using an electrochemiluminescence detection reagent
according to the protocol supplied by the manufacturer.
After immunoblotting, total protein was visualized by
staining the membrane with Coomassie Brilliant Blue.

Results

Localization by Immunofluorescence Microscopy of
OB-R and Leptin in the Small Intestine and Colon

Figure 1A shows the localization of OB-R in the por-
cine jejunum. The strongest labeling was seen along
the lateral sides of the enterocytes, which colocalized
with that of the Na*/K"-ATPase, a basolateral marker
of epithelial cells (Figures 1B and 1C). In addition, a
fainter and more patchy labeling of the apical brush
border was detected as well.

In the colon, OB-R was clearly seen lining the baso-
lateral sides of the colonocytes, whereas little labeling
was observed along the apical surface (Figure 1D).

Figures 2A and 2B shows the distribution of leptin
in the villus and crypt regions of the jejunum. In both
areas, the leptin labeling of the enterocytes was punc-
tate. The labeling mainly appeared along the lateral
sides of the cells, but in addition, a weaker, diffuse la-
beling was present over the lamina propria.

In the colon, leptin labeling was strongest and most
distinct along the basal side of the colonocytes, but the
hormone was also seen along the lateral sides. At the
apical surface, some amorphous labeling was seen. In
addition, a diffuse labeling was present over the lamina
propria (Figure 2C).

Results of immunofluorescence microscopy showed
that the OB-R is mainly localized at the cell surfaces of
enterocytes and colonocytes. For both cell types, the
most intense labeling was at the basolateral side of
the plasma membrane, but distinct apical labeling was
also detected, most notably in enterocytes. In addition,
endogeneous leptin was detectable both in the jejunum
and the colon. Again, labeling was mainly seen baso-
laterally, but the detectable apical labeling suggests
that an immunoactive form of the hormone is present
in the lumen of the gut.

Colocalization by Double Immunogold
Electron Microscopy

To study in closer detail the colocalization of OB-R and
leptin, double immunogold labeling electron micros-
copy for the two proteins was performed on sections of
both jejunum and colon. As shown in Figures 3A-3C,
both OB-R and leptin were detected in the enterocyte
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Figure 1 Localization by immunofluorescence microscopy of OB-R
in jejunum and colon. Cryosections of jejunum (A-C) or colon (D)
were labeled with an antibody to OB-R (A,D) or Na*/K"-ATPase (B).
In the jejunum, OB-R labeling was most intense along the baso-
lateral surface (arrowheads in A) of the enterocytes, as shown by
its colocalization with the basolateral marker Na*/K"-ATPase (C),
but patchy labeling at the apical brush border was also observed
(arrows in A). In colonocytes, OB-R was mainly seen along the
basolateral surface (arrowheads in D) and only very weakly at the
apical membrane (arrows in D). C, colonocytes; E, enterocytes; LP,
lamina propria. Bar = 10 um.

brush border. The labeling for both proteins was less
dense over the microvilli and rarely seen in “micro-
crypts” at the base of the microvilli. Furthermore,
close colocalization of receptor and ligand, i.e., clus-
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Figure 2 Localization by immunofluorescence microscopy of endog-
eneous leptin in jejunum and colon. Cryosections of jejunum (A,B) or
colon (C) were labeled with an antibody to leptin. In enterocytes of
both villus (A) and crypt (B) regions, the labeling was punctate and
most intense along the basolateral surface (arrowheads). In colono-
cytes (C), the labeling was most distinct at the basal surface (arrow-
heads), and some amorphous labeling was present at the apical surface
in the crypt lumen (L). In both tissues, labeling over the lamina propria
was also observed. E, enterocytes; LP, lamina propria. Bar = 10 um.

ters of small and large gold particles, was detected
less frequently.

Both OB-R and leptin labeling was seen at a higher
intensity at the lateral surfaces of the enterocytes (Fig-
ures 3D and 3E). Here, clusters of small and large gold
particles were frequently observed, indicating the pres-
ence of receptor ligand complexes. Clusters of labeling
for both proteins was also frequently seen in endosomes
in the vicinity of the lateral surface (Figure 3F).
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Leptin and OB-R in the Jejunum and Colon

Figure 3 Double immunogold labeling
for OB-R and leptin in jejunal enterocytes.
Electron micrographs of the apical brush
border (A-C) show a scattered labeling for
both proteins along the microvilli. Colocal-
ization of OB-R (large particles) and leptin
(small particles) was only occasionally ob-
served (arrows), but labeling at the bot-
tom of the microvilli was not detected. By
comparison, labeling along the basolateral
plasma membrane was more intense (D). At
a higher magnification of a section of the
same view (E), most of the small and large
gold particles were seen to be colocalized
along the membrane (arrows). In addition,
both OB-R and leptin were seen in endo-
somes in the vicinity of the basolateral
plasma membrane (F), where they also of-
ten colocalized (arrows). Bar = 0.2 pm.

In the colon, relatively small amounts of leptin and
OB-R labeling were observed at the apical microvil-
lar surface of the colonocytes (Figures 4A-4C). At the
basolateral surface, more immunogold particles, both
large (leptin) and small (OB-R), were seen, showing the
presence of both ligand and receptor (Figures 4D and
4E). Furthermore, close colocalization of small and

Figure 4 Double immunogold labeling for OB-R
and leptin in colonocytes. Electron micrographs of
the apical surface (A-C) showed no (A) or little (B,C)
labeling for both OB-R (large particles) and leptin
(small particles) along the microvilli, and colocal-
ization was only very rarely detected (arrow).
Labeling at the flat, non-microvillar part of the
apical plasma membrane was not observed. At
the basolateral surface (D,E) and in nearby endo-
somes (F), labeling for both proteins was much
more abundant, and colocalization was frequently
observed (arrows). Bar = 0.1 um.

large gold particles occurred more frequently than at
the apical surface. In addition, both particles were
also coclustered in endosomes along the basolateral
membrane (Figure 4F). A morphometric analysis of the
apical/basolateral labeling density along the plasma
membrane of enterocytes and colonocytes is summa-
rized in Table 1.
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Table 1 Morphometric analysis of localization and colocalization of leptin and OB-R in jejunum and colon

Leptin, non-colocalized Leptin, colocalized OB-R, non-colocalized OB-R, colocalized

Membrane (particles/100 pm) (particles/100 pm) (particles/100 pum) (particles/100 pum)
Jejunum, apical 13.5 5.3 23.1 12.9
Jejunum, basolateral 444 22.6 49.9 33.2
Colon, apical 13.8 9.5 31.4 13.2
Colon, basolateral 1.2 23.1 43.5 58.8

Seven- (OB-R) and 13-nm (leptin) gold particles lining the apical and basolateral membranes of enterocytes and colonocytes were counted in double immunogold-

labeled sections of jejunum and colon, as described in Materials and Methods.

No labeling over nuclei or mitochondria was ob-
served for either of the antibodies used, implying that
nonspecific reactivity was absent or at a very low level.

In summary, leptin and OB-R were detected by im-
munofluorescence and immunogold microscopy both
at the apical and basolateral surfaces of enterocytes
and colonocytes. However, the basolateral plasma mem-
brane was the predominant cellular location for re-
ceptor and ligand, and close colocalization, indicative
of receptor-ligand complexes, was more frequently ob-
served here than at the apical cell surface. Finally, the
presence of leptin and OB-R in endosomes along the
basolateral but not the apical cell surface suggests that
this receptor-ligand system is functional only at the
“blood side” of both enterocytes and colonocytes.

Leptin and OB-R in Subcellular Fractions

As shown in Figure 5, endogeneous leptin was detect-
able by immunoblotting in both jejunum and colon. In
both intestinal tissues, leptin was present in the soluble
fraction, as should be expected of a hormone. Figure 6
shows the subcellular distribution of the OB-R in je-
junum and colon. In jejunum, a single ~150-kDa band
of the receptor was present predominantly in the Mg**-
precipitated fraction, which contains basolateral and
intracellular membranes (Booth and Kenny 1974). In
previous reports, the size of the long form (OB-Rb) of
the receptor was reported to be 130-135 kDa, whereas
the size of the short forms was in the range of 85—
90 kDa (Buyse et al. 2001; Hardwick et al. 2001). The
150-kDa band seen in Figure 6 therefore most likely
represents the porcine form of OB-Rb. By comparison,
the amounts of OB-R in the microvillar fraction were
barely at the level of detection, and no OB-R was de-
tectable in the soluble fraction. Unlike OB-R, the brush
border marker aminopeptidase N (ApN) was mainly
present in the microvillar fraction (Figure 6). The sub-
cellular distribution of Ob-R agrees well with the local-
ization of the receptor observed by fluorescence and
electron microscopy (Figures 1-4).

In the colon, OB-R (as well as ApN) was present
in the total membrane fraction but not in the cytosol
(Figure 6).

Many proteins destined for insertion in the apical
plasma membrane of epithelial cells associate with lipid

rafts during intracellular transport (Danielsen 1995;
Simons and Ikonen 1997). Biochemically, this can be
analyzed by their ability to resist solubilization with
Triton X-100 at a low temperature and become part
of DRMs that can be isolated by subsequent density
gradient ultracentrifugation (Brown and Rose 1992).
As shown in Figure 7, OB-R in enterocytes was largely
soluble in cold Triton X-100, whereas the glycosylphos-
phatidylinositol-anchored and lipid raft-associated brush
border enzyme TAP strongly associated with the DRMs.
This experiment thus shows that OB-R is not actively
sorted in the trans-Golgi network by lateral inclusion
into lipid rafts, as is the case for many resident apical
proteins of the enterocyte (Danielsen and Hansen 2003).

Discussion

This study was prompted by the fact that, despite the
many reports published thus far on leptin action in in-
testinal cells, the question remains of whether the hor-
mone uses an endocrine or exocrine pathway or both.
At the level of light microscopy, several studies have
previously localized the intestinal OB-R to the apical
and/or basolateral side of enterocytes and colonocytes
(Buyse et al. 2001; Hardwick et al. 2001; Barrenetxe
et al. 2002; Aparicio et al. 2004,2005; Cammisotto
et al. 2005), and in most of these studies, labeling at
both aspects of the plasma membrane was detected,

Jejunum Colon
— —
Sol Mg Mic Lep Sol Mem

3
16—

-

Figure 5 Localization of leptin in subcellular fractions of jejunum
and colon by immunoblotting. Samples of soluble (Sol), Mg?"-
precipitated (Mg), and microvillar (Mic) fractions of jejunum and
soluble (Sol) and total membrane (Mem) fractions of colon were
subjected to SDS/PAGE in a 15% gel together with a sample of
pure leptin (Lep, 1 ng). After transfer onto an Immobilon mem-
brane, leptin was detected by immunoblotting. Molecular mass
value of leptin is indicated by the arrow.
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Leptin and OB-R in the Jejunum and Colon

Figure 6 Localization of OB-R and amino-
peptidase N (ApN) in subcellular fractions.
Samples of soluble (Sol), Mg®*-precipitated
(Mg), and microvillar (Mic) fractions of jeju-
num and soluble (Sol) and total membrane
(Mem) fractions of colon were subjected to
SDS/PAGE in 10% gel. OB-R and ApN were

detected by immunoblotting. Molecular mass >
values are indicated by arrows. 150

160 —>»

120—»

50—»

albeit at varying intensity. By immunofluorescence
microscopy, we were able to detect OB-R at the baso-
lateral plasma membrane both in enterocytes and co-
lonocytes. Apically, we observed a patchy but distinct
labeling of the enterocyte brush border and a relatively
weak labeling at the lumenal membrane of colono-
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cyte. Collectively, this large pool of published data
therefore implies that the receptor is not sorted very
discriminitatively to either the blood or lumenal side
of the epithelial cells of the gut. This may be explained
by the fact that, for many newly synthesized proteins
that are truly apically destined, efficient sorting in-

OB-R blot

8 9 10 11 12

150 —> "——_——

Figure 7 Detergent-resistant mem-
brane (DRM) analysis of OB-R and in-
testinal alkaline phosphatase (IAP).
DRMs were prepared from the Mg?*-
precipitated membrane fraction by ex-
traction with Triton X-100 followed by
sucrose gradient ultracentrifugation as
described in Materials and Methods. The
gradient fractions were subjected to
SDS/PAGE in a 10% gel, and OB-R and
IAP were detected by immunoblotting.
Molecular mass values and the position
in the gradient of soluble proteins and
DRMs are indicated by arrows.
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volves association with lipid rafts in the trans-Golgi
network (Danielsen 1995; Ikonen and Simons 1998).
Therefore, the absence of the OB-R in DRMs prepared
from enterocyte membranes implies that the receptor
lacks a recognition signal for lipid raft-mediated api-
cal transport. This may not be surprising given the
widespread distribution of OB-R in non-polarized cells
of tissues where its ligand can only be encountered at
the blood side, but in this context, it nevertheless
suggests that the basolateral surface is the “true” des-
tination of the OB-R. Signals for protein sorting to the
basolateral plasma membrane are commonly known to
be short tyrosine— or dileucine-based motifs residing in
the cytoplasmic tail that interact with adaptor protein
complexes and clathrin (Rodriguez-Boulan and Musch
20085; Ellis et al. 2006). Most of the proteins in this
category are blood side cell surface receptors (including
the LDL receptor, transferrin receptor, asialoglyco-
protein receptor) that recycle to the endosomes, such
as OB-R (Fruhbeck 2006).

In this study, we observed the highest labeling in-
tensity for OB-R by fluorescence microscopy at the
basolateral surface, whereas the apical labeling of both
enterocytes and colonocytes was weaker and patchy.
For leptin, the punctate labeling seen mainly along
the basolateral surfaces of enterocytes and colonocytes,
but also apically, indicates an approximately similar
localization as OB-R. Altogether, this implies that re-
ceptor activation by ligand binding in principle may
take place at both surfaces of intestinal epithelial cells.
In search for a closer interaction between OB-R and
leptin, we therefore performed immunogold double
labeling electron microscopy to detect in situ protein—
protein colocalization in the nanometer range.

At the basolateral surface, colocalization of OB-R
and leptin by immunogold electron microscopy showed
the presence of clusters of large and small gold particles,
indicating that functional receptor-ligand complexes
form at this part of the plasma membrane. Furthermore,
as a member of the cytokine receptor family, OB-R is
known to be internalized after ligand binding through
clathrin-coated vesicles into early endosomes (Sweeney
2002; Fruhbeck 2006). In both enterocytes and colono-
cytes, coclusters of OB-R and leptin were frequently
detected in endosomal vesicles along the basolateral
cell surface, indicative of an ongoing endocytosis.

At the apical microvillar membrane, labeling for
both OB-R and leptin was relatively weak, and clusters
of large and small immunogold particles occurred less
frequently. Furthermore, in the enterocyte, the label-
ing for both proteins was mainly seen up along the
sides of the microvilli where the dense, actin-based
microvillar cytoskeleton sterically prohibits coated pit
formation and vesicle internalization. In fact, the en-
terocyte brush border is known to act effectively as a
permeability barrier and does not normally engage
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in endocytosis after “closure” at the neonatal stage
(Rodewald 1970). However, when triggered to do so,
for instance by cholera toxin, the coated pits will form
at the “microcrypts” situated between adjacent micro-
villi (Hansen et al. 2005). However, despite a thorough
inspection of labeled sections, we failed to detect any
immunogold localization of either OB-R or leptin, not
to mention colocalization, in these microcrypts. A pos-
sible explanation for this could be that lumenal leptin
may not be fully functional in the harsh environment
of the gut. Any evidence of a functional interaction
between the OB-R and leptin at the lumenal surface
of intestinal epithelial cells therefore was not shown by
this colocalization study.

In summary, the close colocalization of leptin and
OB-R seen at the basolateral plasma membrane of en-
terocytes and colonocytes strongly argues for an en-
docrine leptin action in intestinal cells. In contrast, the
results obtained do not support the notion of a func-
tional interaction between hormone and receptor at
the lumenal surface. A physiological role of lumenally
secreted gastric leptin therefore remains to be clarified,
but interestingly, a recent publication described trans-
cytosis of gastric leptin through duodenal enterocytes
to reach the blood circulation (Cammisotto et al. 2007).
The receptor responsible for this apical-to-basolateral
transcytosis, which occurred in fed but not fasted an-
imals, was not identified, but the finding nevertheless
implies that exocrine gastric leptin may have autocrine
and endocrine functions in the intestine.
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