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Background & Aims: Glucagon-like peptide-1 regulates glucose homeostasis through multiple mechanisms
including direct actions on the endocrine pancreas, and indirect activation of central nervous system circuits
regulating gastric emptying, satiety and body weight. As native GLP-1 is rapidly degraded, there is considerable
interest in development of more potent GLP-1 receptor (GLP-1R) agonists with sustained activity however the
extent to which much larger GLP-1R agonists will mimic some or all of the actions of smaller peptides remains
uncertain.

Methods: We studied the actions of CJC-1134-PC, a recombinant human serum albumin-exendin-4 conjugated
protein at the GLP-1 receptor using heterologous cells expressing the GLP-1R in vitro, and both wildtype and
Glplr-/- mice in vivo.

Results: CJC-1134-PC activated GLP-1R-dependent signaling in BHK-GLP-1R cells, and acutely lowered
blood glucose in WT but not in Glplr-/- mice. Moreover acute administration of CJC-1134-PC rapidly activated
c-Fos expression in multiple regions of the central nervous system, acutely inhibited gastric emptying, and
produced sustained inhibition of food intake in a GLP-1R-dependent manner. Furthermore, chronic daily
treatment of high fat fed wildtype mice with CJC-1134-PC for 4 weeks led to improved glucose tolerance,
increased levels of glucose-stimulated insulin, decreased HbA 1¢ and weight loss associated with decreased
hepatic triglyceride content.

Conclusions: These findings illustrate that a high molecular weight exendin-4-albumin conjugate retains the
ability to mimic a full spectrum of GLP-1R-dependent actions, including activation of CNS circuits regulating

gastric emptying, food intake and body weight.



INTRODUCTION

Glucagon-like peptide-1 (GLP-1) is a naturally occurring peptide hormone that is released from
intestinal L-cells in response to nutrient ingestion. GLP-1 lowers blood glucose levels in both preclinical
studies and in human subjects with type 2 diabetes through multiple distinct actions including stimulation of
glucose-dependent insulin secretion, suppression of glucagon secretion, and inhibition of gastric emptying .
GLP-1 also promotes satiety, suppresses energy intake and causes weight loss in healthy, obese and diabetic
humans. In preclinical studies, GLP-1 increases B-cell mass via induction of B-cell proliferation and neogenesis
and inhibition of p-cell apoptosis >~. The combined properties of GLP-1 to reduce glycemia and promote
weight loss, in association with its potential to restore or sustain B-cell mass and function, have sparked
considerable interest in the use of GLP-1 as a therapeutic agent for the treatment of type 2 diabetes (T2DM) °.

A major limitation to the therapeutic use of the native GLP-1 molecule is its very short half-life in the
circulation, which has been attributed to both rapid cleavage by the ubiquitous proteolytic enzyme dipeptidyl
peptidase-4 (DPP-4) and renal clearance. Consequently, GLP-1 must be injected repeatedly or infused
continuously to sustain clinical efficacy in vivo. Thus, pharmaceutical strategies based on sustained GLP-1
receptor (GLP-1R) activation have been focused on the development of long-acting DPP-4-resistant GLP-1R
agonists such as exenatide and liraglutide. Exenatide is a synthetic version of the lizard salivary gland-derived
peptide exendin-4 (Ex-4) that is resistant to DPP-4 . Preclinical and clinical studies demonstrate that exenatide
is a long-acting GLP-1R agonist ° and it has been approved for clinical use in the United States and Europe.
Liraglutide is a DPP-4-resistant fatty-acylated GLP-1 peptide analog that binds noncovalently to serum albumin
following subcutaneous administration, thereby reducing its renal clearance and extending its pharmacokinetic
profile '°. Liraglutide exhibits more potent and persistent glucose-lowering effects in diabetic patients
compared to native GLP-1 and is currently undergoing evaluation in phase 3 clinical trials in patients with
T2DM.

Although exenatide and liraglutide effectively lower blood glucose levels in type 2 diabetic patients, the
requirement for twice- or once-daily administration of these agents, respectively, has fostered ongoing efforts to
generate GLP-1R agonists with more sustained effectiveness. One such putative agent is CJC-1134-PC, a
conjugate consisting of Ex-4 that has been covalently bonded, ex vivo, to recombinant human serum albumin
via a chemical linker (Supplementary Fig. 1). Preliminary results from clinical trials in diabetic humans
indicate that CJC-1134-PC has a half-life of approximately 8 days, making it suitable for once-weekly dosing .
Nevertheless, in short term studies over 4 weeks, CJC-1134-PC produced only modest effects on body weight,

hence it remains uncertain whether this high molecular weight GLP-1R agonist is capable of engaging CNS



circuits regulating appetite and body weight. To determine whether the considerably larger Ex-4-albumin hybrid
CJC-1134-PC retains the identical spectrum of biological actions exhibited by the much smaller GLP-1R
peptide agonist Ex-4, we examined the effects of CJC-1134-PC on GLP-1R-dependent actions in vitro, as well

as in short- and long-term studies in mice.



METHODS

Reagents. Cell culture medium was purchased from HyClone (Logan, UT). Serum, G418, and antibiotics were
from Invitrogen-Gibco (Burlington, ON). Forskolin, and 3-isobutyl-1-methylxantine (IBMX) were obtained
from Sigma (St. Louis, MO). Human serum albumin (HSA) and CJC-1134-PC were provided by Conjuchem
(Montreal, QC). Exendin-4 (Ex-4), glucose-dependent insulinotropic peptide (GIP), exendin (9-39), and
cholecystokinin (CCK)-8 were purchased from California Peptide Research Inc. (Napa, CA).

Animals. Wild-type C57BL/6 mice (4- or 7-weeks-old) were from Charles River Laboratories (Montreal, QC).
Glp1r-/- mice on the CD-1 genetic background have been described '2. Glplr-/- mice back-crossed onto the
C57BL/6 genetic background for six generations ° were used in the current studies. All mice were maintained
under a 12-hr light/dark cycle (lights on at 7am and off at 7pm) with free access to food and water, except
where noted. All experiments were conducted in accordance with protocols and guidelines approved by the
University Health Network Animal Care Committee. For acute studies, 8- to 10-week-old wild-type or Glp1r-/-
male mice were used. For chronic studies, 4-week-old wild-type male mice were fed either standard rodent
chow (SRC) or a high fat diet (HFD, 45% kcal from fat, Research Diets Inc., New Brunswick, NJ) for 4 weeks,
then maintained on their respective diets for an additional 4 weeks. Mice on the SRC diet were given twice
daily ip injections of phosphate-buffered saline (PBS); HFD mice were randomized to receive: (i) twice daily
ip injections of PBS, (ii) twice daily ip injections of Ex-4 (24 nmol/kg), (iii) once daily ip injections of HSA
(100 nmol/kg), or (iv) once daily ip injections of CJC-1134-PC. Twice daily injections were at ~ 8 am and 6
pm. For mice receiving once daily injections, drugs were administered in the evening but mice were also given
ip injections of PBS in the morning to ensure that all mice were exposed to identical experimental conditions.
Biochemical assays. Blood glucose levels in whole blood were measured using a Glucometer Elite blood
glucose meter (Bayer, Toronto, ON). Plasma insulin levels were measured using a Rat/Mouse Insulin ELISA
kit (LINCO Research, St. Charles, MO) and pancreatic insulin levels were determined using a Rat insulin RIA
kit (LINCO Research, St. Charles, MO). Hbay. levels were measured using a DCA 2000+ Analyzer (Bayer,
Toronto, ON). Plasma glucagon and leptin were measured using a Mouse Endocrine LINCOplex kit (LINCO
Research, St.Charles, MO). Serum MCP-1, total PAI-1, and resistin levels were measured using a Mouse
Adipokine LINCOplex kit (LINCO Research, St.Charles, MO). Hepatic and/or serum levels of total cholesterol
and triglycerides were obtained using specific colorimetric assays (Wako Cholesterol E and Wako L-Type TG-
H, Wako Chemicals, Richmond, VA).

In vitro cAMP production. Baby hamster kidney (BHK) fibroblast cells stably transfected with the rat GLP-
IR ° were maintained in DMEM supplemented with 10% fetal bovine serum (FBS). Cells were incubated with 1



uM exendin (9-39) or medium alone for 5 min at 37°C, followed by an additional 10 minute incubation in the
presence of increasing concentrations of Ex-4 or CJC-1134-PC. All reactions were carried out in triplicate and
terminated by the addition of ice-cold absolute ethanol. cAMP concentration was measured in ethanol extracts
using a cAMP RIA kit (Biomedical Technologies, Stoughton, MA).

Glucose tolerance tests. Oral (OGTT) and intraperitoneal (IPGTT) glucose tolerance tests were performed
after an overnight fast of 16-18 h after administration of glucose (1.5 mg/g body weight). For acute studies,
CJC-1134-PC or HSA was given via ip injection one hour prior to glucose administration, whereas GIP was
injected 10 min before glucose administration. For chronic studies, no drugs were administered prior to the
glucose tolerance tests.

Feeding studies. Mice were fasted overnight for 16-18h, weighed, and then given ip injections of PBS, or 10
nmol/kg of Ex-4, HSA, or CJC-1134-PC. The mice were then placed into individual cages containing pre-
weighed rodent chow with free access to water. Food was removed from the cages at 2, 4, 8 and 24 h following
treatment and food intake (g/g body weight) was calculated.

Measurement of gastric emptying rate. The rate of gastric emptying was determined as described in '* 4
hours after peptide injections. The gastric emptying rate was calculated using the following equation: gastric
emptying rate (%) = [1-(stomach content wet weight/food intake)] x 100.

Evaluation of c-Fos immunoreactivity in the murine CNS. The number of c-Fos immunopositive neurons
was quantified in regions of the mouse CNS as described "> '°. Sections were processed for
immunocytochemical detection of Fos using an avidin-biotin-immuno peroxidase method (Vectastain ABC
Elite Kit, Vector Laboratories, Burlingame, CA) as described '’. The Fos antibody (Sigma-Aldrich, Oakville,
ON) was used at a dilution of 1:50,000. Sections corresponding to CNS regions at the level of the area
postrema, nucleus of the solitary tract, and paraventricular nucleus of the hypothalamus were defined according
to the Mouse Brain Atlas of Franklin and Paxinos '*.

Body composition. Total body fat and lean mass were measured using a mouse whole-body magnetic
resonance analyzer (Echo Medical Systems, Houston, TX).

B-cell mass determination. Pancreatic sections were immunostained for insulin as described . Morphometric
measurements of insulin-positive area and total pancreatic area were determined using ImageScope software
(Aperio Technologies Inc., Vista, CA) and B-cell mass was calculated using the following equation: (insulin
positive area/total pancreatic area) x pancreas weight. For each pancreas sample, the B-cell mass was averaged

from two different slides that were obtained from the same pancreas sectioned at two different levels.



Hepatic lipids. For histological examination of hepatic lipids, the liver was removed, embedded in Tissue-Tek
OCT Compound (Sakura Finetek, Torrence, CA), frozen rapidly in a dry ice/ethanol bath and stored at -80°C.
Frozen tissue was cut into 8 pm sections and stained with oil-red-O using standard protocols. For hepatic lipid
determinations, hepatic lipids were extracted as described in °.

RNA isolation and real-time PCR. RNA was extracted from pancreas samples using TRI reagent (Sigma, St.
Louis, MO) and first-strand cDNA generated using standard protocols. Primers and PCR conditions for the
selected genes were those recommended by Applied Biosystems. Relative mRNA levels were quantified using
the 27" method *°.

Statistical analysis. All data are presented as means + SE. Statistical significance was determined by One- or
Two-way ANOVA and Bonferroni’s post hoc test using Prism version 4.02 software (GraphPad Software, San
Diego, CA). A P value <0.05 was considered to be statistically significant.



RESULTS

CJC-1134-PC increases cAMP production in vitro. To determine if covalent attachment of a large molecule
like HSA impaired the ability of the Ex-4 moiety within CJC-1134-PC to activate the GLP-1R, we compared
the potency of CJC-1134-PC versus Ex-4 in vitro. Both Ex-4 and CJC-1134-PC increased cAMP levels in
BHK-GLP-IR cells in a dose- and GLP-1R-dependent manner (Supplementary Fig. 2) with similar ECs, values
for CJC-1134-PC and Ex-4 (3.47 nM for CJC-1134-PC and 2.62 nM for Ex-4).

CJC-1134-PC mimics the acute actions of Ex-4 on glucose regulation, feeding, and gastric emptying in
mice. We next examined if CJC-1134-PC can reproduce the repertoire of actions associated with the smaller
Ex-4 peptide. CJC-1134-PC significantly reduced glucose excursion after oral and ip glucose challenge in a
dose-dependent manner in wild-type mice (Fig. 14 and C) but not in Glplr-/- mice (Fig. 1E,F) with significant
increases in insulin:glucose ratios at doses of 10 and 100 nmol/kg, (Fig. 1B and D). In contrast, GIP potently
decreased glucose excursion in Glp1r-/- mice (Fig. 1E).

CJC-1134-PC significantly reduced food intake in wild-type mice (Fig. 2) and the effect of CJC-1134-
PC and Ex-4 to decrease feeding lasted for at least 24 h (Fig. 2 4). Moreover, at 4-8 h and 8-24 h following
injection, the reduction in food intake was significantly greater with CJC-1134-PC compared to Ex-4 (Fig. 2).
The anorectic action of CJC-1134-PC was not simply a non-specific aversive response as it required a
functional GLP-1 receptor (Fig. 24 inset).

The mechanisms through which GLP-1 regulates gastric emptying remain incompletely understood and
may require interaction with neural pathways >'***. Both Ex-4 and CJC-1134-PC significantly diminished the
gastric emptying rate in wild-type mice (Fig. 2B), but not in Glp1r-/- mice (Fig. 2C). In contrast, CCK-8, which
inhibits gastric emptying through a distinct mechanism, significantly reduced the gastric emptying rate in
Glplr-/- mice (Fig. 2C). To determine if GLP-1R agonists communicate with the CNS to inhibit feeding and
gastric emptying, we first compared the effects of peripheral administration of Ex-4 vs. CJC-1134-PC on c-Fos
positivity, a marker of neuronal activity (Fig. 3). Ex-4 and CJC-1134-PC produced a similar pattern of c-Fos
expression in the mouse CNS that included the area postrema (AP), nucleus of the solitary tract (NTS), and
paraventricular nucleus of the hypothalamus (PVH; Fig. 34, B and C, respectively), regions associated with the
control of feeding and gut motility. Moreover, the relative level of c-Fos activation following ip CJC-11344-PC
was comparable to that of Ex-4 (Fig. 34-C). Conversely, ip injection of Ex-4 or CJC-1134-PC failed to
increase c-Fos expression in Glp1r-/- mice (Fig. 34-C bar graphs). Immunohistochemical examination of the
mouse CNS following ip administration of HSA and did not identify any HSA-immunopositive staining (data

not shown). As larger molecules like CJC-1134-PC are unlikely to readily cross the normal blood-brain-barrier,



these data, taken together with the results of previous experiments >, suggest that GLP-1R agonists do not
require direct access to the CNS to modify feeding behaviour and gastric motility.

Chronic administration of CJC-1134-PC improves glucose tolerance and reduces body weight and fat
mass in HFD-fed mice. Prolonged administration of GLP-1 or Ex-4 reduces blood glucose levels and
promotes weight loss in individuals with type 2 diabetes ****°, Accordingly, mice were rendered obese and
glucose intolerant and then treated with once- or twice-daily ip injection of CJC-1134-PC or Ex-4, respectively
for 4 weeks (Supplementary Fig. 3). Non-fasting blood glucose levels in HFD-fed CJC-1134-PC- and Ex-4-
treated mice were lower compared to control mice (Fig. 44). Mice on the HFD gained more weight compared
to mice maintained on the normal chow diet during the first 4 wks (Fig. 4B). However, HFD-fed mice treated
with CJC-1134-PC or Ex-4 lost weight and, after 4 weeks of treatment, mice treated with CJC-1134-PC had
body weights similar to normal chow-fed PBS-treated mice (Fig. 4B). Serum Hby . levels were reduced in
HFD-fed mice treated with CJC-1134-PC, but not Ex-4 (Fig. 4C).

Chronic administration of Ex-4 or CJC-1134-PC in HFD-fed mice produced significant reductions in
glucose excursions following glucose challenge (Fig. 54,8 and D,E) and CJC-1134-PC but not Ex-4, increased
insulin-to-glucose ratios measured following glucose administration (Fig. 5C and F). Chronic treatment with
CJC-1134-PC or Ex-4 had no effect on plasma glucagon levels measured in these same samples (data not
shown). Both Ex-4 and CJC-1134-PC reduced body weight and fat mass in HFD-fed mice and MRI data
demonstrated that Ex-4 and CJC-1134-PC reduced total and percent body fat mass and increased percent lean
mass relative to HFD-fed control treated mice (Fig. 64 and B). Furthermore, body weight and epididymal fat
pad weights were significantly decreased in CJC-1134-PC- and Ex-4-treated HFD-fed mice, and were
comparable to those observed in PBS-treated mice maintained on a normal chow diet (Fig. 6C and data not
shown).

CJC-1134-PC or Ex-4 had no effect on serum MCP-1 or PAI-1 levels in HFD-fed mice (Fig. 74 and B),
whereas treatment with Ex-4, but not CJC-1134-PC, led to significant reductions in serum resistin (Fig. 7C).
Serum leptin levels were significantly lower in both CJC-1134-PC- and Ex-4-treated mice (Fig. 7D).

Serum cholesterol levels were reduced in HFD-fed mice following administration of CJC-1134-PC, but not Ex-
4 (Fig. 8 A). Surprisingly, chronic treatment with both CJC-1134-PC and Ex-4 resulted in significant elevations
in serum triglyceride levels (Fig. 8B). Although hepatic cholesterol levels were unchanged (data not shown),
total hepatic triglyceride content was reduced following treatment with CJC-1134-PC or Ex-4 in HFD-fed mice
(Fig. 8C). Oil-Red O staining (Supplementary Fig. 4) further illustrated the reduced hepatic lipid content in

CJC-1134-PC- and Ex-4-treated mice. The decrease in hepatic triglyceride, in association with increased



plasma triglyceride levels, raised the possibility that mice treated with CJC-1134-PC or Ex-4 fail to accumulate
triglyceride in the liver, perhaps leading to increased circulating levels of triglycerides. Hence, we examined
the expression of hepatic genes whose products are important for lipid absorption, transport, metabolism or
synthesis. Real-time quantitative PCR demonstrated that treatment with CJC-1134-PC or Ex-4 was associated
with significantly reduced levels of mRNA transcripts for fatty acid binding proteins 1 and 2 and CD36,
respectively (Fig. 8D-F). Conversely, CJC-1134-PC or Ex-4 administration did not alter the mRNA levels of
apolipoprotein B, hepatic lipase, PPARa or Srebfl (data not shown).

Chronic administration of CJC-1134-PC up-regulates expression of f-cell specific genes and increases
pancreas weight but has no effect on p-cell mass in HFD-fed mice.

Ex-4, but not CJC-1134-PC, increased insulin mRNA levels compared to saline-treated mice
(Supplementary Fig. 54). In contrast, pancreas insulin content was significantly reduced in CJC-1134-PC-
treated mice relative to levels in mice treated with HSA but was not significantly different in Ex-4- vs. control-
treated mice (Supplementary Fig. 5B). Although both CJC-1134-PC and Ex-4 increased pancreas weights in
HFD-fed mice (Supplementary Fig. 5C), no significant increases in B-cell mass were observed following
chronic treatment with either agent (Supplementary Fig. 5D). GLP-1R agonists also increase the expression of
genes that contribute to p-cell glucose sensing, proliferation, neogenesis or cytoprotection > **%’. mRNA levels
of Gck, Glplr, and PdxI were increased in pancreatic RNA from both CJC-1134-PC- and/or Ex-4-treated mice.
(Supplementary Fig. SE-G). Surprisingly however, Ex-4, but not CJC-1134-PC, markedly increased levels of
mRNA transcripts for Irs2 (Supplementary Figure 5SH).
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DISCUSSION

Although there is much interest in developing GLP-1-based strategies for the treatment of T2DM " °, its
short half-life in the circulation has posed practical limitations on the clinical use of the native peptide.
Exenatide is the first DPP-4 resistant GLP-1R agonist approved for the treatment of T2DM. However, the need
for twice-daily injections of exenatide has spawned efforts to generate GLP-1R agonists with more prolonged
pharmacokinetic and pharmacokdynamic properties. To this end, albumin binding has been utilized as a
strategy to prolong GLP-1R agonist action in vivo, as exemplified by the interaction of acylated liraglutide with
albumin, resulting in a circulating half-life of ~11-15 h in humans **. Nevertheless, as liraglutide interacts with
albumin in a non-covalent manner, and is also cleared by the kidney it requires once daily administration to
achieve continuous GLP-1R activation.

CJC-1134-PC is distinct from liraglutide in that it is a preformed conjugate consisting of Ex-4 that has been
covalently bound ex vivo to recombinant human serum albumin via a chemical linker. Our experimental data,
encompassing receptor activation studies in vitro, and acute and chronic experiments in vivo, demonstrate that
the larger albumin-Ex-4 conjugate reproduces the majority of biological actions associated with the much
smaller GLP-1R peptide agonist Ex-4.

Surprisingly, despite its larger size, CJC-1134-PC was equipotent to Ex-4 in its ability to stimulate
cAMP production in contrast to Albugon (Albiglutide), a recombinant GLP-1-albumin fusion protein which
exhibited reduced affinity and potency for the GLP-1R **. Albugon contains the peptide sequences of GLP-1
within the open reading frame of recombinant human serum albumin whereas CJC-1134-PC contains an Ex-4
molecule linked covalently to a single cysteine residue on human serum albumin. We suspect that the Ex-4
moiety within CJC-1134-PC is less constrained and likely more mobile than the GLP-1 epitope within Albugon,
perhaps accounting for the marked difference in potency at the GLP-1R. Hence, one might predict that therapy
with CJC-1134-PC may require lower circulating levels relative to treatment with Albugon, a hypothesis that
may be tested in future studies. Consistent with the results of receptor studies, CJC-1134-PC and Ex-4 were
administered at equimolar doses in the feeding study and CJC-1134-PC was as effective as Ex-4 at reducing
food intake. Hence the larger molecular weight CJC-1134-PC is as potent an inhibitor of GLP-1R-dependent
feeding as the small Ex-4.

Small GLP-1R agonists like GLP-1 and Ex-4 inhibit feeding and gastric emptying either by direct
activation of CNS centers or indirectly, through activation of vagal afferent pathways *"****. As large proteins
like albumin cannot readily cross an intact blood-brain barrier *', the ability of CJC-1134-PC to inhibit food
intake and gastric emptying suggests that GLP-1R agonists do not require direct access to the CNS to mediate
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these effects, and are in agreement with data demonstrating that GLP-1 and/or Ex-4 modify feeding and gut
motility via the vagus *"*****. These results are corroborated by the demonstration that peripherally
administered CJC-1134-PC activates c-fos expression in the murine CNS, and produces weight loss in mice.
Hence, high molecular weight GLP-1R agonists such as CJC-1134-PC remain capable of activating circuits
regulating gastric emptying and satiety in a GLP-1R-dependent manner.

In humans, GLP-1 or Ex-4 treatment has been associated with significant reductions in post-prandial
plasma triglyceride levels whereas chronic treatment with either CJC-1134-PC or Ex-4 led to significantly
increased non-fasting plasma triglyceride levels but reduced hepatic lipid content. These results highlight key
differences between the control of murine vs. human hepatic lipid homeostasis. Real-time PCR analysis
revealed that CJC-1134-PC- and Ex-4-treatment reduced hepatic levels of genes that encode proteins involved
in hepatic lipid uptake and intracellular transport (CD36, Fabp1, Fabp2), suggesting that lipids are being
diverted from the liver.

Although demonstrated that GLP-1R agonists increase B-cell mass in diabetic rodents, we detected no
increase in B-cell mass in HFD-fed mice that were treated chronically with CJC-1134-PC or Ex-4. Since HFD-
feeding can lead to either no changes or increases in -cell mass to compensate for HFD-induced insulin
resistance ** ¥

be further increased with CJC-1134-PC or Ex-4. Remarkably, although both Ex-4 and CJC-1134 increased
levels of mRNA transcripts for the Glplr, Gek, and Pdx1, only Ex-4 robustly increased levels of Irs2, a GLP-

, it is possible that the replicative capacity of the B-cell is maximized in our studies and cannot

1R-activated signaling protein critically important for B-cell survival *. The explanation for this difference in
gene expression profiles remains unclear, but suggests that structurally different GLP-1R agonists may exhibit
unique patterns of GLP-1R activation in different tissues.

Taken together, our findings provide additional evidence supporting the notion that high molecular weight
GLP-1R agonists can activate a broad spectrum of GLP-1R-dependent actions. Notably, CJC-1134-PC potently
activated c-Fos in multiple regions of the CNS, reduced gastric emptying and food intake in acute studies, and
promoted weight loss in chronic experiments. These findings extend our understanding of the central and
peripheral actions of GLP-1R agonists with implications for the predicted use and efficacy of these new high

molecular weight proteins for the treatment of T2DM.
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Figure 1. CJC-1134-PC reduces glucose excursions in wild-type but not Glp1r-/- mice. (A) Oral (OGTT)
and (C) intraperitoneal (IPGTT) glucose tolerance in wild-type mice following ip administration of different
doses (nmol/kg) of CJC-1134-PC or human serum albumin (HSA) 60 min prior to glucose loading.

*#%P<0.001 for AUC data (not shown) for CJC-1134-PC- vs. HSA-treated mice at each dose. (B and D)
Plasma insulin-to-glucose ratios at the 10-20 min time point after glucose administration in wild-type mice
treated with the indicated doses of CJC-1134-PC or HSA. (E) Oral glucose tolerance and (F) AUC glucose in
Glplr-/- mice following ip administration of 100 nmol/kg CJC-1134-PC and HSA or 3 ug of glucose-dependent
insulinotropic peptide (GIP) at 60 min (CJC-1134-PC and HSA) or 10 min (GIP) prior to oral glucose
challenge. Values are expressed as means = SE; n = 4-11 mice/group. **P<0.01, ***P<0.001 for CJC-1134-
PC- vs. HSA-treated mice.

Figure 2. CJC-1134-PC inhibits feeding and gastric emptying rate in wild-type but not Glp1r-/- mice.
(A) Following an overnight fast, wild-type or Glp1R-/- mice were give ip injections of PBS or 10 nmol/kg of
exendin-4 (Ex-4), human serum albumin (HSA), or CJC-1134-PC and food intake was determined at 2, 4, 8 and
24 h post injection. Gastric emptying rate in (B) wild-type and (C) Glplr-/- mice at 4 h after ip administration
of PBS, Ex-4 (24 nmol/kg), HSA (100 nmol/kg), CJC-1134-PC (100 nmol/kg), or cholecystokinin-8 (CCK-8§; 3
ug). Values are expressed as means + SE; n = 3-6 mice/group. ##P<0.01, ###P<0.001 for Ex-4- vs. PBS-
treated mice. ***P<(0.001 for CJC-1134-PC- vs. HSA-treated mice. +++P<0.001 for CJC-1134-PC- vs. Ex-4-

treated mice.

Figure 3. Peripheral administration of CJC-1134-PC increases c-FOS expression

Representative photomicrographs of c-FOS stained mouse coronal brain sections of (A) area postrema (AP), (B)
nucleus of the solitary tract (NTS), and (C) paraventricular nucleus of the hypothalamus (PVH) in wild-type
mice at 60 min following ip injection of PBS, exendin-4 (Ex-4; 24 nmol/kg), human serum albumin (HSA;100
nmol/kg), or CJC-1134-PC (100 nmol/kg). Original magnification, x 200. CC, central canal; 3V, third
ventricle. The number of c-fos+ cells in wild-type and Glp1r-/- mice is indicated below the corresponding CNS
section. Data are presented as means + SE; n = 3-5 mice/group. ##P<0.01, ###P<0.001 for Ex-4- vs. PBS-
treated mice. **P<0.01, ***P<0.001 for CJC-1134-PC- vs. HSA-treated mice.
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Figure 4. CJC-1134-PC reduces body weight, non-fasting blood glucose and Hb ;. in HFD-fed wild-type
mice. WT mice were placed on a high-fat diet (HFD) for 4 wks and then treated for 4 weeks with daily ip
injections of 100 nmol/kg of human serum albumin (HSA) or CJC-1134-PC or twice-a-day injections of PBS or
exendin-4 (Ex-4; 24 nmol/kg). Separate groups of mice maintained on regular chow throughout the entire 8§ wk
study (RC PBS) were given ip injections of PBS twice-a-day. The change in (A) non-fasting blood glucose and
(B) body weight from baseline was determined weekly. (C) %Hba;. in whole blood after 4 wks of treatment
with PBS, Ex-4, HSA, or CJC-1134-PC in HFD-fed wild-type mice or in regular chow-fed mice treated with
PBS (RC PBS). Data represent means + SE; n = 7-8 mice/group. **P<0.01 for CJC-1134-PC- vs. HSA-treated

mice.

Figure 5. CJC-1134-PC improves glucose tolerance in HFD-fed wild-type mice. (A and D) glucose
excursion, (B and E) AUC glucose, and (C and F) plasma insulin-to-glucose ratios during an intraperitoneal
(IPGTT) or oral (OGTT) glucose tolerance test in high fat diet (HFD)-fed wild-type mice treated chronically
with PBS, exendin-4 (Ex-4), human serum albumin (HSA), or CJC-1134-PC or in mice maintained on normal
chow and treated chronically with PBS (RC PBS). Plasma insulin-to-glucose ratios were determined at the 10-
20 min time point following glucose challenge. Values are expressed as means + SE; n = 7-8 mice/group.
##P<0.01, ###P<0.001 for Ex-4- vs. PBS-treated mice. *P<0.05, ***P<0.001 for CJC-1134-PC- vs. HSA-

treated mice.

Figure 6. CJC-1134-PC decreases body weight and fat mass in HFD-fed wild-type mice. MRI
determinations of (A) fat mass and (B) lean mass, expressed as total (g) or normalized to body weight (%), in
high fat diet (HFD)-fed wild-type mice after 2 wks of treatment with PBS, exendin-4 (Ex-4), human serum
albumin (HSA), or CJC-1134-PC or in mice maintained on normal chow and treated with PBS (RC PBS) for 2
wks. (C) Body weight in HFD-fed mice after 4 wks of treatment with PBS, exendin-4 (Ex-4), human serum
albumin (HSA), or CJC-1134-PC or in mice maintained on normal chow and treated with PBS (RC PBS). Data
are expressed as means = SE; n = 7-8 mice/group. ##P<0.01, ###P<0.001 for Ex-4- vs. PBS-treated mice.
**P<0.01, ***P<0.001 for CIC-1134-PC- vs. HSA-treated mice.

Figure 7. CJC-1134-PC reduces resistin and leptin levels in HFD-fed wild-type mice. Serum levels of (A)

MCP-1, (B) PAI-1, (C) resistin, and (D) leptin were assayed after 4 wks of treatment with PBS, exendin-4 (Ex-
4), human serum albumin (HSA), or CJC-1134-PC in high fat diet (HFD)-fed wild-type mice or in regular
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chow-fed mice treated with PBS (RC PBS). Data are expressed as means = SE; n = 4-8 mice/group. ##P<0.01,
###P<0.001 for Ex-4- vs. PBS-treated mice. ***P<0.001 for CJC-1134-PC- vs. HSA-treated mice.

Figure 8. Serum triglyceride levels are increased but hepatic triglyceride and mRNA levels of fatty acid
transport proteins are reduced in mice treated with CJC-1134-PC. Serum cholesterol (A) and, triglyceride
(B) levels and heptic triglyceride content (C) in high fat diet (HFD)-fed wild-type mice treated chronically with
PBS, exendin-4 (Ex-4), human serum albumin (HSA), or CJC-1134-PC or in mice maintained on normal chow
and treated chronically with PBS (RC PBS). Data are means + SE; n = 6-7 mice/group. Relative hepatic mRNA
levels of (D) Fabpl, (E) Fabp2, and (F) CD36 determined by real-time quantitative PCR in HFD-fed wild-type
after chronic treatment with PBS, Ex-4, HSA, or CJC-1134-PC or in RC-fed mice treated with PBS. Data are
means £+ SE and are normalized to 18S rRNA; n = 3-4 mice/group . For A-F, #P<0.05, #P<0.01, ##P<0.001
for Ex-4- vs. PBS-treated mice and *P<0.05, **P<0.01, ***P<0.001 for CJC-1134-PC- vs. HSA-treated mice.
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Supplementary figure 1. Structure of CJC-1134-PC. CJC-1134-PC is comprised of a synthetically modified
exendin-4 derivative and recombinant human serum albumin. The exendin-4 derivative includes amino acids 1
to 39 of native exendin-4 and a lysine residue at position 40. This lysine is covalently bonded to the cysteine 34
residue of recombinant human serum albumin via an amino-ethoxy-ethoxy-acetyl linker and a reactive

maleimidoproprionic acid group.

Supplementary figure 2. CJC-1134-PC exhibits similar potency to Ex-4 at the rat GLP-1 receptor in
vitro. BHK cells stably expressing the rat GLP-1R were pretreated for 5 min with 1 pM exendin (9-39) [9-39]
or medium alone prior to a 10 min treatment with increasing concentrations of CJC-1134-PC or exendin-4 (Ex-
4). cAMP levels in desiccated aliquots of cells plus media extracts were measured by radioimmunoassay and

used to calculate the total cAMP content per well. Values are data from an experiment performed in triplicate.

Supplementary figure 3. Schematic depiction of chronic studies. Wild-type mice were fed a high fat diet
(HFD) for 4 wks and then treated (Tx) with once- or twice-daily ip injection of PBS, exendin-4 (Ex-4), human
serum albumin (HSA), or CJC-1134-PC at the indicated doses for 4 wks. A separate group of mice was
maintained on a normal chow diet for 4 wks and treated with twice daily ip injections of PBS for 4 wks. Non-
fasting blood glucose levels and body weights were measured weekly. Body composition was evaluated by
MRI after 2 wks of treatment. Intraperitoneal (IPGTT) and oral (OGTT) glucose tolerance were assessed after
3 and 4 wks of treatment, respectively. After 4 weeks of treatment, mice were sacrificed and various end-points

determined.

Supplementary figure 4. QOil-red O staining of hepatic tissue. Representative photomicrographs of oil-red
O-stained liver tissue from HFD-fed mice after 4 wks of treatment with PBS, exendin-4 (Ex-4), human serum

albumin (HSA), or CJC-1134-PC. Original magnification, x 200.

Supplementary figure 5. Chronic treatment with CJC-1134-PC increases f3-cell-specific gene
transcription and increases pancreas weight but does not affect p-cell mass in HFD-fed mice. (A) relative
levels of pancreas insulin mRNA, (B) pancreas insulin content, (C) pancreas weight normalized to body weight,
and (D) beta cell mass in high fat diet (HFD)-fed wild-type mice treated chronically with PBS, exendin-4 (Ex-
4), human serum albumin (HSA), or CJC-1134-PC or in mice maintained on normal chow and treated
chronically with PBS (RC PBS). Values represent means + SE; n = 4-8 mice/group. Relative pancreatic
mRNA levels of (E) Glp1R, (F) glucokinase, (G) PDX-1, and (H) IRS-2 determined by real-time quantitative
PCR in HFD-fed wild-type after chronic treatment with PBS, Ex-4, HSA, or CJC-1134-PC or in RC-fed mice
treated with PBS. Data are means + SE; n = 3-4 mice/group. For A and E-F, data are normalized to islet
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amyloid polypeptide mRNA content. For A-H, #P<0.05, ##P<0.01, ###P<0.001 for Ex-4- or GIP- vs. PBS-
treated mice. *P<0.05, **P<0.01, ***P<0.001 for CJC-1134-PC- vs. HSA-treated mice. +++P<0.001 for
CJC-1134-PC- vs. Ex-4-treated mice.
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