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ABSTRACT Leptin (OB), an adipocyte-secreted circulat-
ing hormone, and its receptor (OB-R) are key components of
an endocrine loop that regulates mammalian body weight. In
this report we have analyzed signal transduction activities of
OB-R containing the fatty mutation [OB-R( fa)], a single
amino acid substitution at position 269 (Gln 3 Pro) in the
OB-R extracellular domain that results in the obese phenotype
of the fatty rat. We find that this mutant receptor exhibits both
ligand-independent transcriptional activation via interleukin
6 and hematopoietin receptor response elements and ligand-
independent activation of signal transducer and activator of
transcription (STAT) proteins 1 and 3. However, OB-R( fa) is
unable to constitutively activate STAT5B and is highly im-
paired for ligand induced activation of STAT5B compared
with OB-R(wt). Introduction of the fatty mutation into a
OB-RyG-CSF-R chimera generates a receptor with constitu-
tive character that is similar but distinct from that of OB-
R( fa). Constitutive mutant OB-R( fa) receptor signaling is
repressed by coexpression of OB-R(wt). The implications of an
extracellular domain amino acid substitution generating a
cytokine receptor with a partially constitutive phenotype are
discussed both in terms of the mechanism of OB-R triggering
and the biology of the fatty rat.

Leptin (OB) is an adipose tissue-secreted hormone that mod-
ulates food intake and energy expenditure (1–5). Leptin’s
effects are predicted to be mediated by interaction with the
leptin receptor (OB-R) in the hypothalamus, a region of the
brain implicated in the control of body weight (6–8). OB-R is
a single membrane-spanning protein with functional and struc-
tural homology to members of the class I cytokine receptor
superfamily (9). Receptors of this class lack intrinsic tyrosine
kinase activity, are activated by ligand-induced receptor ho-
mo-or heterodimerization, and utilize the Janus kinase and
STAT families of signal transducing molecules to regulate gene
transcription (10–12).

Multiple splice variants of OB-R mRNAs encoding proteins
with identical extracellular domains but differing length intra-
cellular domains have been detected (9, 13, 14). The predom-
inant short OB-R isoform, highly expressed in the choroid
plexus, is proposed to be involved in leptin transport from the
blood into the cerebral spinal f luid (9, 15). The long OB-R
transcript (OB-RL), expressed predominately in specific nuclei
of the hypothalamus, encodes a protein with an extended
intracellular domain containing motifs required for OB-R
signal transducing activity (9, 16). The mouse mutant allele
(db) of the OB-R gene encodes an OB-RL with a truncated

cytoplasmic domain (13, 14) and more recent data demon-
strate that this receptor is signaling inactive (17–19).

Obese Zucker ( fatty) rats exhibit severe early onset obesity
due to excessive food intake, hypometabolism, insulin resis-
tance, and preferential energy storage in adipose tissue (20).
These animals are homozygous for the fatty mutation that
maps to the OB-R gene (21). A single missense mutation in the
OB-R fatty allele at position 880 (A-C) introduces an amino
acid substitution at position 269 (Gln3 Pro) within the OB-R
extracellular domain (22–24). Short OB-R isoform containing
this change has an unaltered affinity for ligand, but exhibits a
6–8-fold decrease in cell surface expression levels (relative to
the wild-type receptor), giving rise to speculation that these
animals are obese due to diminished leptin transport into the
central nervous system (24).

In this report we have analyzed cell surface expression levels
and signal transducing activities of OB-RL containing the fatty
mutation. The mutant receptor exhibits ligand-independent
activation of STAT1 and -3 and constitutive activation of
reporter gene transcription. In addition, we find that consti-
tutive signaling by OB-RL( fa) is repressed by coexpression of
wild-type OB-RL. These findings are discussed with regard to
the mechanism of OB-R triggering as well as potential bio-
chemical abnormalities that generate leptin resistance and loss
of body weight homeostasis in the fatty rat.

MATERIALS AND METHODS

Cell Culture. COS-1, COS-7, and GT1–7 cells were cultured
as described (25, 26). 293 cells were grown in DMEM supple-
mented with 10% fetal bovine serum. Cells were mock stim-
ulated in serum-free medium or treated in the same medium
supplemented with 100 ngyml of either mouse leptin (R & D
Systems) or human granulocyte-colony stimulating factor (G-
CSF) (Boehringer Mannheim).

Expression Vectors and Secreted Alkaline Phosphatase
(SEAP) Reporter Gene Constructs. Expression vectors for
murine short OB-R (9), the OB-RyG-CSF-R, and G-CSF-Ry
OB-R chimeras (27) and rat STAT1, -3, and -5B have been
described (28, 29). To construct mouse OB-RL, hypothalami
were isolated, and total RNA was prepared using the RNeasy
kit (Qiagen, Chatsworth, CA) according to the manufacturer’s
instructions. cDNA was synthesized by the random priming
method using Moloney murine leukemia virus reverse tran-
scriptase according to the manufacturer’s recommendations

The publication costs of this article were defrayed in part by page charge
payment. This article must therefore be hereby marked ‘‘advertisement’’ in
accordance with 18 U.S.C. §1734 solely to indicate this fact.

© 1997 by The National Academy of Sciences 0027-8424y97y9410657-6$2.00y0
PNAS is available online at http:yywww.pnas.org.

Abbreviations: AP, alkaline phosphatase; EMSA, electrophoretic
mobility-shift assay; G-CSF, granulocyte colony-stimulating factor;
G-CSF-R, G-CSF receptor; OB, leptin; OB-R, OB receptor; OB-RL,
long OB-R isoform; OB-R(wt), wild-type OB-R; OB-R( fa), OB-R
containing the fatty mutation; SEAP, secreted alkaline phosphatase;
STAT, signal transducer and activator of transcription; HRRE, he-
matopoietin receptor response element.
§To whom reprint requests should be addressed.

10657



(Life Technologies, Grand Island, NY). Sequences encoding
mouse OB-R were amplified by PCR using TAQ DNA poly-
merase (Hoffmann–LaRoche) and primers complementary to
their respective OB-R cDNA sequences. Introduction of the
fatty mutation into full-length mouse OB-R cDNA was per-
formed by overlap extension PCR as has been described (30).
For the generation of constructs for stable expression of
wild-type and mutant mouse OB-R, each cDNA was subcloned
into pIRES1neo (CLONTECH) and constructs were linear-
ized prior to transfection. The reporter gene constructs
pHRRE-SEAP and pILGRE-SEAP were generated by sub-
cloning the hematopoietin receptor and interleukin 6 response
elements (28, 31) into pSEAP-Promoter (CLONTECH).

Cell Transfection and Analysis. COS-1 cells were trans-
fected by the DEAE-dextran method (32), COS-7, GT1–7, and
293 cells by the lipofectamine method (9). For the generation
of pooled 293 cells expressing wild-type OB-RL [OB-RL(wt)]
or OB-RL( fa), transfected cells were selected for growth in
medium containing 0.9 mgyml G418 (Life Technologies) for 3
weeks and .500 G418 resistant colonies were pooled to
generate each population. For analysis of STAT protein
activation, cells were maintained for 16 h in serum-free
medium, followed by treatment with 100 ngyml leptin for 15
min.

For SEAP assays, unless indicated otherwise, cells were
transfected with the indicated reporter (1 mg) and receptor (3.0
mg) constructs. Forty-eight hours after transfection, cultures
were washed twice with serum free medium and mock stim-
ulated or treated with leptin for 24 h in nonsupplemented cell
culture medium. SEAP reporter activities were measured by
chemiluminescence using the Great EscApe alkaline phospha-
tase detection kit as described by the manufacturer (CLON-
TECH). Luminescence was measured in a Microbeta plus
liquid scintillation counter (Wallac, Gaithersburg, MD) and
expressed as arbitrary units of luminescence activity.

DNA binding by STAT proteins was analyzed by electro-
phoretic mobility shift assay (EMSA) using whole cell extracts
as described (33). The radiolabeled double-stranded oligonu-
cleotides SIEm67 (for STAT1 and -3) (32) and TB-2 (for
STAT5B) (28) were used as substrates in the EMSA. OB-R
expression in GT1–7 and 293 cells was quantified by cell
surface binding of alkaline phosphatase (AP)-OB fusion pro-
tein as described previously (9, 34).

Western Blot Analysis Western blot analysis was done as
described (18) and immunoreactive proteins were visualized by
enhanced chemiluminescence detection as described by the
manufacturer (Amersham). Phosphospecific STAT3 antibody
was from New England Biolabs, and STAT3 and -5B antisera
were from Santa Cruz Biotechnology.

RESULTS

OB-R( fa) Is Constitutively Active for Reporter Gene Induc-
tion. We compared the effect of the OB-R fatty mutation on
cell surface expression of the murine short and long OB-R
isoforms in the hypothalamic cell line GT1–7. Consistent with
previous findings in COS-7 cells (24), the fatty mutation in
short OB-R isoforms results in a 6–8-fold reduction in cell
surface expression relative to its wild-type counterpart (Fig.
1A). In contrast, OB-RL containing the fatty mutation exhibits
only a 2–3-fold reduction in cell surface expression compared
with wild-type receptor (Fig. 1 A). This reduction in cell
surface expression of OB-RL( fa) relative to OB-RL(wt) was
true at multiple cDNA input ratios (see below).

To determine if reduced cell surface expression of OB-
RL( fa) was correlated with decreased signal transducing ac-
tivity, GT1–7 cells were cotransfected with either OB-RL(wt)
or OB-RL( fa) cDNAs and reporter gene constructs containing
regulatory elements responsive to OB-RL signals (18, 27).
Cultures transfected with OB-RL(wt) exhibited minimal re-

porter gene activity in the absence of ligand stimulation and
strong ligand-dependent induction of reporter gene activity on
each of the response elements analyzed (Fig. 1B). In contrast,
OB-RL( fa)-transfected cultures were found to have high levels
of constitutive reporter gene activation. The constitutive re-
porter gene activation in OB-RL( fa)-transfected cultures was
slightly induced ('1.5-fold) upon treatment with ligand (Fig.
1B).

To estimate the effect of reduced cell surface expression of
OB-RL( fa) on the magnitude of signal transduction, cells were
transfected with the reporter gene construct HRRE-SEAP
and increasing amounts of cDNA’s encoding OB-RL(wt) or
OB-RL( fa). Transfected cells were then analyzed for both cell
surface ligand binding and reporter gene activation. For both
OB-RL(wt) and OB-RL( fa)-transfected cultures, strong corre-
lations were found among quantities of transfected cDNA, cell
surface binding activity and ligand inducible reporter gene
activation (Fig. 2 A and B). However, only in OB-RL( fa)-
transfected cell cultures was cDNA input-dependent constitu-
tive reporter gene activation detected. Interestingly, when
OB-RL( fa) and OB-RL(wt) signaling data are normalized to
reflect equivalent cell surface expression levels, we find that
the fatty mutation does not appreciably alter maximal-ligand
stimulated receptor signaling activity (Fig. 2C).

OB-R( fa) Constitutively Activates STAT1 and -3 But Is
Impaired for Constitutive and Inducible STAT5B Activation.
Ligand-induced OB-R activation stimulates the DNA binding
activity of members of the STAT family (17–19, 35). Therefore,
we analyzed the ability of OB-RL( fa) to activate members of
the STAT family under both ligand-independent and ligand-
dependent conditions. COS-1 cells were cotransfected with
expression vectors for either OB-RL(wt) or OB-RL( fa) and a
subset of STAT proteins. Transfected cultures were then
analyzed for STAT activation by EMSA analysis. OB-RL(wt)
activates endogenous COS STAT1 and -3 or coexpressed
STAT1, -3, or -5B under conditions of ligand-induced receptor
activation (Fig. 3A). In contrast, OB-RL( fa) constitutively
activates both endogenous COS STAT1 and -3 and coex-
pressed STAT1 and -3, and activation of these STATs was
further increased by the addition of ligand. Dose response

FIG. 1. Analysis of OB-R( fa) ligand binding and gene induction
activities in GT1–7 cells. (A) GT1–7 cells were transfected with either
control vector (column 1) or expression vectors for the short form
(columns 2 and 3) or long form (columns 4 and 5) of murine OB-R(wt)
(columns 2 and 4) or murine OB-R( fa) (columns 3 and 5). Two days
after transfection, cells were incubated in 1 nM human AP-OB fusion
protein and bound AP activity was determined (columns represent the
average of two binding measurements and the bars reflect differences
between the two). (B) GT1–7 cells were transfected with expression
plasmids for the long form mouse OB-R(wt) or OB-R( fa) and the
reporter constructs pHRRE-SEAP or pILGRE-SEAP. Two days
after transfection, cells were mock stimulated (growth media alone) or
treated with mouse leptin (100 ngyml) for 24 h. The culture media was
harvested and SEAP activity was determined (mean of two separate
experiments).
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indicates that the reduced level of STAT1 and -3 activation in
OB-RL( fa) cultures is due to both the reduced cell surface
expression of this receptor compared with OB-RL(wt) (Fig.
2A) and a reduced intrinsic ability of OB-RL( fa) to activate
STAT1 and -3 compared with OB-RL(wt) (data not shown). In
contrast to our findings for STAT1 and -3, we find that
OB-RL( fa) is unable to constitutively activate cotransfected
STAT5B and is greatly impaired for ligand-induced activation
of STAT5B compared with OB-RL(wt) (Fig. 3A). Immunoblot
analysis indicates this effect is not due to reduced expression
of this transcription factor in these cultures (Fig. 3B).

To insure that our observation of ligand-independent sig-
naling by OB-RL( fa) was not due to an artifact arising from
transient overexpression of the receptor, and to better approx-
imate receptor expression as would be found in vivo, pooled

293 cells stably expressing OB-RL(wt) or OB-RL( fa) were
generated (each 293 cell population represents a pool of .500
G418 resistant colonies). 293 cells were chosen since we have
previously found that these cells are capable of supporting a
ligand-induced transcription response when transiently trans-
fected with OB-RL (M. Dembski, D.W. White and L.A.
Tartaglia, unpublished observations). Cell surface ligand-
binding studies demonstrate that the OB-RL(wt) and OB-
RL( fa) stable pools exhibit significantly increased ligand bind-
ing relative to the parental cell line (Fig. 4A). To determine if
the 293 cells stably expressing OB-RL( fa) exhibited constitu-
tive receptor signaling, extracts were prepared and analyzed by
immunoblotting using a phosphospecific STAT3 antibody (Fig.
4B). As shown, we find evidence of ligand-independent phos-
phorylated STAT3 in OB-RL( fa) expressing cells. Thus, under
conditions of either transient or stable expression, OB-RL( fa)
exhibits constitutive character.

FIG. 3. OB-RL( fa) constitutively activates STAT1 and -3. COS-1
cells were transfected with expression vectors for murine OB-RL(wt)
or OB-RL( fa) and the indicated STAT proteins. Controls received
empty expression vector. Cells were mock stimulated or treated with
mouse leptin (100 ngyml) for 15 min, extracts were prepared and
analyzed. (A) EMSA for STAT protein DNA binding activity was
performed using the indicated radiolabeled substrate oligonucleo-
tides. Autoradiographs illustrating shift patterns are for 16 and 72 h
exposures (Upper and Lower, respectively) (B) Protein extracts pre-
pared for quantitation of DNA binding activity were resolved by
SDSyPAGE, transferred to nitrocellulose and probed with STAT3 or
STAT5 antisera.

FIG. 2. Comparative ligand binding and signal transducing activities of OB-RL(wt) and OB-RL( fa). GT1–7 cells were cotransfected with the
reporter gene construct HRRE-SEAP (1 mgyml) and the indicated amounts of cDNAs encoding either murine OB-RL(wt) or OB-RL( fa). 24 h
after transfection, cultures were sub-divided and analyzed for (A) AP-OB binding activity or (B) treated with mouse leptin (100 ngyml) for 24 h
and assayed for reporter gene induction as described in Fig. 1 (columns represent the averages of two measurements and the bars reflect differences
between the two). (C) Hypothetical constitutive and ligand induced signaling activity for OB-RL( fa) when normalized to OB-RL(wt) cell surface
binding activity (as measured in A).

FIG. 4. Endogenous STAT3 is constitutively activated in 293 cells
stably expressing OB-RL( fa). Parental or 293 stable pools expressing
OB-RL(wt) or OB-RL( fa) were (A) incubated with the listed concen-
trations of AP-OB fusion protein and bound AP activity was deter-
mined (columns represent the average of two binding measurements
(and bars reflect differences between the two) or (B) mock stimulated
or treated with mouse leptin (100 ngyml) for 15 min. Extracts were
prepared and analyzed by immunoblotting with phospho-specific or
control STAT3 antibodies as indicated.
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The fatty Mutation Imparts Constitutive Behavior To a
Heterologous Intracellular Domain. Previously we have de-
scribed (27) a leptin-responsive chimeric fusion protein con-
taining the extracellular and transmembrane domains of OB-R
fused to the intracellular domain of the G-CSF-R (OB-RyG-
CSF-R). Therefore, to determine if the fatty mutation could
impart constitutive behavior to a heterologous intracellular
domain, we generated OB-R( fa)yG-CSF-R and analyzed this
molecule for ligand-independent receptor activation. OB-
R( fa)yG-CSF-R is constitutively active for transcriptional
activation and it’s signaling is enhanced in the presence of
ligand (Fig. 5A). In addition, EMSA analysis demonstrated
that OB-R( fa)yG-CSF-R constitutively activates STAT pro-
teins (Fig. 5B). Interestingly, we find the mutant receptor
chimera constitutively activated STAT1, -3, and -5B. More-
over, the magnitude of ligand-induced STAT activation by this
mutant was not appreciably altered from that of the wild-type
receptor chimera. Thus, the fatty mutation in the context of the
OB-R extracellular domain can impart a constitutive signaling
phenotype to the heterologous G-CSF-R intracellular domain,
suggesting that receptor activation for each of these molecules
may occur by a similar mechanism. However, the different
intracellular domains on each of these receptors appears to
impart distinct STAT protein activation capabilities (compare
Figs. 3A and 5B).

OB-RL(wt) Can Suppress Constitutive Signaling by OB-
RL( fa). Obese fatty rats are homozygous for the fatty allele
whereas fatty heterozygotes exhibit minor evidence of body
weight dysregulation. Consequently, if constitutive signaling by
OB-RL( fa) in fattyyfatty rats was responsible for the develop-
ment of obesity, the genetics of this animal would predict that
OB-RL(wt) activity would be dominant to that of OB-RL( fa).
Therefore, experiments were performed to determine whether
coexpression of OB-RL(wt) could alter OB-RL( fa) ligand
independent activation. In cells cotransfected with OB-RL( fa)
and OB-RL(wt), a strong suppression of OB-RL( fa) constitu-
tive reporter gene induction was found (Fig. 6A). However,
these cells still have levels of ligand inducible reporter gene
activation similar to that of cells expressing only the wild-type
receptor.

The results presented above suggest that OB-RL(wt) may
complex with OB-RL( fa) and function as a dominant negative
to suppress OB-RL( fa) constitutive signaling yet maintain the
complex’s ability to respond to ligand induced receptor acti-
vation. However, it is also possible that suppression of consti-
tutive OB-RL( fa) signaling could result from the titration by
OB-RL(wt) of an essential cytoplasmic cofactor required for
constitutive signaling by OB-RL( fa). To test this possibility, we
coexpressed OB-RL( fa) and G-CSF-RyOB-R, a previously
described (27) receptor chimera containing the extracellular
domain of G-CSF-R joined to the transmembrane and intra-
cellular domain of OB-RL, and assayed for effects on OB-
RL( fa) constitutive signaling. The G-CSF-RyOB-RL chimera
was unable to suppress constitutive signaling by OB-RL( fa)
(Fig. 6B). Expression of the chimera was confirmed by G-CSF
induced reporter gene activation. Thus, the ability of OB-
RL(wt) to repress constitutive signaling by OB-RL( fa) does not
appear to be due to cofactor titration by the OB-RL(wt)
intracellular domain, and is consistent with a model whereby
OB-RL(wt):OB-RL( fa) heterocomplexes are formed that ex-
hibit a wild-type ligand-dependent signaling phenotype.

DISCUSSION

In this report we have characterized signaling activities of
murine OB-RL containing a single extracellular domain mis-
sense mutation (Gln 3 Pro), designated OB-RL( fa). Under
conditions of stable expression as well as transient transfec-
tion, we found that OB-RL( fa) exhibits constitutive signaling
as detected by both reporter gene induction and activation of
STAT1 and -3. Moreover, we observe that transcriptional
induction by this receptor is further enhanced by treatment
with ligand (OB). This finding confirms that OB-RL( fa) can
still bind its cognate ligand and transduce a signal from the cell
surface and is consistent with our ability to measure leptin
binding on the surface of OB-RL( fa) transfected cells.

The mutation in OB-RL( fa) presumably induces a confor-
mational change that partially mimics the ligand bound state.

FIG. 5. OB-R( fa)yG-CSF-R chimera is constitutively active. (A)
GT1–7 cells were transfected with the recorder construct pHRRE-
SEAP and either OB-RyG-CSF-R (columns 1 and 2) or OB-R( fa)y
G-CSF-R (columns 3 and 4). Two days after transfection, cells were
mock stimulated or treated with mouse leptin (100 ngyml) for 24 h.
Growth media was harvested and SEAP activity was determined
(mean of two separate experiments). (B) COS-1 cells were transfected
with expression vectors for OB-RyG-CSF-R or OB-R(fa)yG-CSF-R
and the indicated STAT proteins. Controls received empty expression
vector. Cells were mock stimulated or treated with mouse leptin (100
ngyml) for 15 min, extracts were prepared and analyzed by EMSA
using the indicated radiolabeled substrate oligonucleotides.

FIG. 6. OB-RL(wt) can suppress constitutive OB-RL( fa) gene
induction. (A) GT1–7 cells were transfected with the recorder con-
struct pHRRE-SEAP and OB-RL(wt) (columns 1–4) or OB-RL( fa)
(columns 3–6). Two days after transfection, cells were mock stimulated
or treated with mouse leptin (100 ngyml) for 24 h. Growth media was
harvested and SEAP activity was determined (columns represent the
average of two binding measurements and the bars reflect differences
between the two). (B) GT1–7 cells were transfected with the recorder
construct HRRE-SEAP and OB-RL(wt) (columns 5–6), OB-RL( fa)
(columns 3–9) or G-CSF-RyOB-R (columns 1–2 and 7–9). Two days
after transfection, cells were mock stimulated or treated with either
mouse leptin (100 ngyml) or human G-CSF (100 ngyml) as indicated
for 24 h. Growth media was harvested and SEAP activity was
determined (columns represent the average of two measurements and
the bars reflect differences between the two).
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However, since this complex can further respond to ligand, we
believe the conformational change produced by this mutation
is not complete. The fatty mutation is in the extracellular
region of OB-R, at an amino acid conserved in all known
OB-R proteins. Specifically, this glutamine residue is located
in the first of two highly conserved C domains of OB-R, a
structural motif common to class I cytokine receptors (22).
Each of the C domains contain the consensus sequence
(Trp-Ser-Xaa-Trp-Ser) postulated to be involved with either
ligand binding or protein–protein interaction among receptor
chains (11, 36–38). Therefore, we speculate that the fatty
mutation may introduce a structural alteration that induces a
conformational change to the Trp-Ser-Xaa-Trp-Ser consensus
motif, resulting in partial constitutive receptor activation. It
will be of great interest to determine if the introduction of
other amino acid substitutions in this region of OB-R or to the
analogous regions of other cytokine receptor family members
can also generate mutants with constitutive character. To our
knowledge, the erythropoietin receptor mutant R129C is the
only other example of a constitutive homodimerizing cytokine
receptor resulting from a single extracellular domain mutation.
This mutant contains a cysteine substitution for arginine at
codon 129 in the extracellular domain that results in the
formation of an interchain disulfide bond between receptor
subunits that presumably mimics ligand-induced homodimer-
ization of the erithropoietin receptor (39).

In tissue culture experiments, OB-RL( fa) constitutively ac-
tivates STAT1 and -3. However, STAT1 appears to be less
responsive than STAT3 to both ligand-independent and li-
gand-induced OB-RL( fa) activation, consistent with a recent
report that OB-RL( fa), as compared with OB-RL(wt), exhibits
a diminished ability to stimulate enhancer sequences respon-
sive to STAT1 activation (35). Ligand induced activation of
STAT1 and -3 by OB-RL involves the box 3 motif (Tyr-Xaa-
Xaa-Gln) (amino acids 1141–1144) residing near the C-
terminus of the OB-RL intracellular domain (18, 27). Thus, the
fatty mutation may trigger a structural change resulting in
phosphorylation of the Tyr residue in the box 3 consensus
motif, providing receptor recruitment sites for STAT1 and -3.
In contrast to its effects on STAT1 and -3, OB-RL( fa) is unable
to constitutively activate STAT5B and is highly impaired for
ligand-induced STAT5B activation. Thus, OB-RL( fa) appears
to adopt a conformation that may prevent efficient interaction
and subsequent activation of STAT5B, and is consistent with
our previous work demonstrating that distinct OB-RL intra-
cellular domain elements are involved in the activation of
STAT5B vs. STAT1 and -3 (18, 27). The OB-R( fa)yG-CSF-R
receptor chimera also constitutively activates STAT proteins.
However, in contrast to OB-RL( fa), this mutant is capable of
ligand-independent activation of STAT1, -3, and -5; moreover,
ligand-induced activation of STAT proteins by OB-R( fa)yG-
CSF-R chimera is comparable to levels achieved by OB-Ry
G-CSF-R. Thus, although OB-RL and OB-RyG-CSF-R appear
to signal by a similar mechanism, the different intracellular
domains of these receptors have distinct capabilities when
triggered by the OB-R( fa) extracellular domain.

Accumulating evidence suggests that OB-R, like the recep-
tors for growth hormone (40, 41), erythropoietin (42), and
G-CSF (43, 44), signals by a homooligomeric mechanism
without participation of an accessory protein (18, 27, 45). The
observation that OB-RL(wt) can repress constitutive signaling
by OB-RL( fa) suggests that pre-formed OB-RL( fa) and OB-
RL(wt) complexes may exist in the absence of ligand. This
result implies OB-RL(wt) may also form homodimer or ho-
mooligomer complexes, even in the absence of ligand. The role
of ligand may therefore be to stabilize the complex or induce
a conformational change required for receptor triggering.

As detailed above, we have characterized multiple biochem-
ical defects of OB-R containing the fatty mutation. These
include reduced cell surface expression of both short and long

receptor isoforms, constitutive activation of STAT1 and -3,
and greatly impaired ligand-induced activation of STAT5B.
However, which of these defects is responsible for the loss of
body weight homeostasis in these animals remains to be
conclusively resolved. Obese fatty rats have been reported to
have a 10–50-fold increase in circulating leptin levels relative
to lean controls (46, 47). We have previously suggested that
reduced cell surface expression of short OB-R isoform with the
fatty mutation in the rat choroid plexus may result in aberrant
transport of circulating leptin into the central nervous system
(18). However, more recent data indicate these animals have
concentrations of cerebral spinal f luid leptin equal to non-
obese controls (47), suggesting that the fatty rat is obese due
to diminished leptin responsiveness in hypothalamic neurons.
Consistent with this possibility, fatty rats respond to intrace-
rebroventricular injections of leptin only at greatly increased
doses relative to lean controls (48). In this report we have
measured only a 2–3-fold decrease in cell surface expression of
OB-RL( fa) relative to OB-RL(wt). Although we cannot ex-
clude the importance of this small difference in expression to
the development of obesity in these animals, we speculate fatty
rats may be obese primarily as a consequence of leptin
resistance generated by altered OB-RL( fa) signaling.

The obesity of fatty rats may arise due to the inability of
OB-RL( fa) to properly induce STAT5. However, Vaisse et. al.
(19) have reported STAT3 activation in the hypothalamus of
leptin treated wild-type but not dbydb mice, suggesting an
important role for this factor in body weight regulation. We
have observed and ligand-independent activation of STAT3 by
OB-RL( fa). A possible reconciliation of these observations is
to postulate that in fatty rats constitutive activation of STAT3
by OB-RL( fa) may result in desensitization of the leptin
signaling pathway. Alternatively, leptin’s effects may require
cycling between low level basal and high level ligand-induced
OB-RL signaling in the hypothalamus. A high baseline degree
of activation due to constitutive signaling by OB-RL( fa) may
result in this differential only being achieved at extremely high
doses of leptin, consistent with reports that high dose intra-
cerebroventricular leptin is required to induce a leptin re-
sponse in the fatty rat (48). Moreover, if fatty rats are obese as
a consequence of constitutive OB-RL( fa) signaling, this is not
inconsistent with the recessive nature of the fatty mutation
since we have found that coexpression with OB-RL(wt) results
in suppression of constitutive OB-RL( fa) signaling.

In conclusion, we have described multiple biochemical de-
fects of OB-RL( fa). Constitutive activity introduced by the Gln
3 Pro extracellular domain mutation will provide important
insights into the requirements of OB-R triggering. Moreover,
evidence of both constitutive and defective signaling by OB-
RL( fa) generates important questions regarding mechanisms
that can generate leptin resistance and loss of mammalian body
weight homeostasis.
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