
Mice that were fed the high fat/high sucrose diet (HFD) began to show 
increased body weight compared to normal diet (ND) mice between Week 4 
and Week 5 (Figure 2A ). At Week 4, a glucose tolerance test (ipGTT) verified 
that HFD mice had significantly impaired glucose tolerance versus ND mice 
(Figure 2B ). Both IL-1Ra and XOMA 052 were able to significantly protect mice 
from HFD-induced impaired glucose tolerance (Figure 2C ). IL-1Ra continued 
to improve glucose tolerance in a Week 8 ipGTT and Week 13 ipGTT (data 
not shown). However, XOMA 052 did not have a significant effect at these 
timepoints, when compared to IgG2 control (data not shown).

Figure 2. XOMA  052 improves the impaired glucose tolerance in DIO 
mice.  A, Mean body weight of mice dosed with vehicle control and fed either 
normal diet (ND) or high fat/high sucrose diet (HFD). n = 10–12 mice/group. B, 
Glucose tolerance test (ipGTT) of mice dosed with vehicle control and fed ND 
or HFD for 4 weeks. n = 6–8 mice/group. *, p < 0.05 for HFD vs. ND (unpaired t 
test). C, ipGTT of mice on HFD for 4 weeks, dosed with vehicle control, 10 mg/
kg IL-1Ra, 1 mg/kg XOMA 052, or isotype control. n = 6–8 mice/group. *, p < 
0.05 for IL-1Ra vs. vehicle, or XOMA 052 vs. IgG2 (unpaired t test).
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Nevertheless, the hyperglycemia caused by 14 weeks on HFD was significantly 
�U�H�G�X�F�H�G�� �E�\�� �;�2�0�$�� ���������� �V�X�J�J�H�V�W�L�Q�J�� �W�K�D�W�� �W�D�U�J�H�W�L�Q�J�� �,�/�����[�� �D�O�R�Q�H�� �Z�D�V�� �V�X�I�I�L�F�L�H�Q�W��
to preserve and improve pancreatic beta-cell function (Figure 3 ). In order to 
further test the efficacy of XOMA 052 in preserving beta-cell function, insulin 
secretion was measured during an ipGTT performed on Week 14 (Figure 
4). Both IL-1Ra and XOMA 052 had dramatic effects on the level of insulin 
production (Figure 4A ), and were significantly effective in boosting the insulin 
stimulation index (Figure 4B ). Insulin secretion was improved by IL-1Ra or 
XOMA 052 in both ND and HFD groups.

Figure 3. XOMA 052 reduces hyperglycemia in DIO mice. Fasting serum 
glucose levels of mice on ND or HFD for 14 weeks and dosed with vehicle 
control, 10 mg/kg IL-1Ra, 1 mg/kg XOMA 052, or isotype control. n = 7–8 
mice/group. *, p < 0.05 for IL-1Ra vs. vehicle, or XOMA 052 vs. IgG2 (unpaired 
t test).
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Figure 4. XOMA 052 preserves beta-cell function in DIO mice. A , Insulin 
measurements from serum taken at 0 and 30 minutes during ipGTT of mice on 
ND or HFD for 14 weeks, and dosed with vehicle control, 10 mg/kg IL-1Ra, 1 
mg/kg XOMA 052, or isotype control. B, Insulin stimulation index for mice in 
(A). n = 3–4 mice/group. *, p < 0.05 for IL-1Ra vs. vehicle, or XOMA 052 vs. 
IgG2 (unpaired t test).
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Previous data showed that a HFD increases serum cholesterol, free fatty 
acids (FFA), and triglycerides (TG), and that IL-1Ra treatment prevents this. 
IL-1Ra was also shown to prevent beta-cell apoptosis and to induce beta-cell 
proliferation (2). XOMA 052 was effective in significantly reducing total 
cholesterol (Figure 5 ). XOMA 052 also reduced unsaturated cholesterol and 
the elevated TG levels (data not shown), but was only statistically significant 
for unsaturated cholesterol. Whole pancreas sections are currently being 
analyzed by immunohistochemistry to assess beta-cell proliferation (Ki-67) 
and apoptosis (TUNEL).

Figure 5. XOMA 052 reduces serum cholesterol in DIO mice. Fasting 
serum cholesterol levels of mice on ND or HFD for 14 weeks and dosed with 
vehicle control, 10 mg/kg IL-1Ra, 1 mg/kg XOMA 052, or isotype control. n = 
7–8 mice/group. *, p < 0.05 for IL-1Ra vs. vehicle, or XOMA 052 vs. IgG2 
(unpaired t test).
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�7�K�H�� �F�\�W�R�N�L�Q�H�� �L�Q�W�H�U�O�H�X�N�L�Q�����[�� ���,�/�����[���� �L�V�� �F�H�Q�W�U�D�O�� �W�R�� �W�K�H�� �S�D�W�K�R�O�R�J�\�� �R�I�� �P�D�Q�\��
inflammatory diseases, and neutralization of the IL-1 pathway shows efficacy 
in both animal models and human disease. Recent evidence points to the 
�U�R�O�H���R�I���H�O�H�Y�D�W�H�G���,�/�����[���L�Q���J�O�X�F�R�V�H���L�Q�G�X�F�H�G���E�H�W�D���F�H�O�O���D�S�R�S�W�R�V�L�V���D�Q�G���G�\�V�I�X�Q�F�W�L�R�Q����
Clinical data also have shown that IL-1Ra treatment improves glycemic control 
and beta-cell function, thus validating this pathway for targeted therapy. XOMA 
���������L�V���D���S�R�W�H�Q�W���D�Q�W�L�E�R�G�\���W�K�D�W���E�L�Q�G�V���K�X�P�D�Q���,�/�����[�����K�,�/�����[�����Z�L�W�K���Y�H�U�\���K�L�J�K���D�I�I�L�Q�L�W�\��
(KD = 0.3 pM) and may modulate the inflammatory component of early Type 2 
�G�L�D�E�H�W�H�V�����;�2�0�$�����������E�L�Q�G�V���P�R�X�V�H���,�/�����[�����P�,�/�����[�����Z�L�W�K���D�������Q�0���D�I�I�L�Q�L�W�\���D�Q�G���F�D�Q��
�Q�H�X�W�U�D�O�L�]�H���W�K�H���E�L�R�D�F�W�L�Y�L�W�\���R�I���P�,�/�����[��in vitro and in vivo. It has been previously 
reported that IL-1Ra treatment prevented diabetes by improving glucose 
tolerance and insulin secretion in the diet-induced obesity (DIO) murine 
model of Type 2 diabetes (T2D). Here, we report efficacy results in studies 
using 10-fold less XOMA 052 per dose and less frequent dosing to prevent 
diabetes in DIO mice, as compared with IL-1Ra. In a 14-week study, C57BL/6 
male mice were fed either normal diet (ND) or high fat/high sucrose Surwit diet 
(HFD). Subsets of mice were treated with twice weekly injections of XOMA 
052 (i.p., 1 mg/kg) or daily injections of IL-1Ra (i.p., 10 mg/kg). After 14 weeks, 
mice on HFD had impaired glucose tolerance, elevated serum glucose and 
cholesterol, and impaired insulin secretion. XOMA 052 treatment preserved 
insulin secretion during intraperitoneal glucose tolerance test (ipGTT). In 
addition, fasting glucose and cholesterol levels were reduced compared to 
isotype control treated mice. The beneficial results with XOMA 052 were 
statistically significant and comparable to the results observed with IL-1Ra 
�W�U�H�D�W�P�H�Q�W���� �7�K�X�V���� �E�O�R�F�N�L�Q�J�� �,�/�����[�� �D�O�R�Q�H�� �Z�D�V�� �V�X�I�I�L�F�L�H�Q�W�� �I�R�U�� �S�U�H�V�H�U�Y�L�Q�J�� �E�H�W�D�� �F�H�O�O��
function during 14 weeks of HFD. XOMA 052 is currently in Phase 1 clinical 
trials in the United States and Switzerland in Type 2 diabetes patients.

ABSTRaCT RESULTS

Treatment of mice with XOMA 052 preserved 
insulin secretion and beta-cell function in mice 
fed HFD for 14 weeks. In addition, fasting glucose 
and cholesterol levels were reduced compared to 
isotype control treated mice. The beneficial results 
with XOMA 052 were statistically significant 
and comparable to the results observed with 
IL-1Ra treatment. Thus, blocking I L-1�B alone was 
sufficient for preserving beta cell function. These 
results were achieved using 10-fold less XOMA 
052 per dose and less frequent dosing to prevent 
diabetes symptoms in DIO mice, as compared 
with I L-1Ra, which has been shown to improve 
glycemic control and beta-cell function in T2D 
patients. Thus, the results described here support 
the evaluation of the anti-I L-1�B antibody XOMA 
052 in T2D.

CoNCLUSioNS

Diet-Induced Obesity (DIO). C57BL/6 male mice were fed either control (normal) 
diet or high fat/high sucrose Surwit diet (HFD) beginning at 6 weeks of age, for 14 
weeks. Normal diet (ND) was Teklad 2018 (16 kcal% fat), and HFD was from Research 
Diets (D12331, 58 kcal% fat). Mice were treated with twice weekly injections of 
XOMA 052 (i.p., 1 mg/kg) or isotype control (anti-KLH IgG2), or daily injections of 
IL-1Ra (i.p., 10 mg/kg) or vehicle control. Body weight was monitored twice a week. 
Fed and fasted blood glucose was monitored every 2 weeks using a glucometer 
(Freestyle, TheraSense Inc., Alameda, CA). Glucose tolerance tests (ipGTT) were 
performed on mice after 4, 8, and 13 weeks on diet. After 14 weeks on diet, a 
terminal ipGTT was performed to measure insulin secretion. Serum was collected 
for further analysis, and pancreas was collected for immunohistochemistry.

Glucose Tolerance Test (ipGTT). Intraperitoneal glucose tolerance tests were 
performed as follows. Mice were fasted overnight for 15  hours and injected 
intraperitoneally with glucose at a dose of 1 g/kg body weight. Blood glucose was 
measured at 0, 15, 30, 60, 90, and 120 minutes after injection, using a Freestyle 
glucometer. For measurement of insulin secretion during a ipGTT, mice were fasted 
for 15 hours overnight and injected intraperitoneally with glucose at a dose of 2 g/kg 
body weight. 100 µl of blood was collected at 0 and 30 minutes via retro-orbital bleed. 
Serum insulin concentrations were determined using a mouse insulin ultrasensitive 
ELISA (ALPCO). Stimulation index for insulin production was calculated by dividing 
the 30 minute insulin concentration (stimulated) by the 0 minute value (basal).

Serum lipids.  Serum obtained by cardiac puncture at the time of sacrifice was 
analyzed for serum lipids by the UCLA Lipid and Lipoprotein Laboratory as 
described (3). All lipid assays were performed in triplicate determinations. An 
external control sample with known analyte concentration was run for each assay 
to assure accuracy. Free plasma glycerol concentrations were also determined and 
used to correct the triglyceride values.

MaTERiaLS & METHODS

IL-1 is a pro-inflammatory cytokine secreted by a number of different cell types, 
including monocytes, macrophages, and pancreatic cells. The IL-1 gene family 
�F�R�P�S�U�L�V�H�V�� �W�K�H�� �D�J�R�Q�L�V�W�� �F�\�W�R�N�L�Q�H�V���� �,�/�����Z�� �D�Q�G�� �,�/�����[���� �W�K�H�� �Q�D�W�X�U�D�O�� �,�/������ �U�H�F�H�S�W�R�U��
antagonist (IL-1Ra), and a number of different proteins that directly regulate IL-1 
�D�F�W�L�Y�L�W�\���� �%�R�W�K�� �,�/�����Z�� �D�Q�G�� �,�/�����[�� �D�U�H�� �V�\�Q�W�K�H�V�L�]�H�G�� �D�V�� �F�\�W�R�S�O�D�V�P�L�F�� �S�U�H�F�X�U�V�R�U�V���� �D�Q�G��
�D�O�W�K�R�X�J�K���,�/�����Z���U�H�P�D�L�Q�V���L�Q�V�L�G�H���W�K�H���F�H�O�O�����,�/�����[���L�V���H�I�I�L�F�L�H�Q�W�O�\���S�U�R�F�H�V�V�H�G���D�Q�G���V�H�F�U�H�W�H�G����
making it an attractive target for therapeutic antibodies.

�3�U�H�Y�L�R�X�V�� �G�D�W�D�� �K�D�Y�H�� �V�K�R�Z�Q�� �W�K�D�W�� �,�/�����[�� �S�O�D�\�V�� �D�� �U�R�O�H�� �L�Q�� �J�O�X�F�R�V�H���L�Q�G�X�F�H�G�� �E�H�W�D���F�H�O�O��
apoptosis and dysfunction (1). After chronic exposure to hyperglycemic 
�F�R�Q�G�L�W�L�R�Q�V���� �W�K�H�� �E�H�W�D���F�H�O�O�� �L�W�V�H�O�I�� �S�U�R�G�X�F�H�V�� �,�/�����[���� �Z�K�L�F�K�� �F�D�X�V�H�V�� �)�D�V�� �X�S�U�H�J�X�O�D�W�L�R�Q��
and apoptosis. This can be inhibited by IL-1Ra. In patients with T2D, it is thought 
�W�K�D�W�� �H�O�H�Y�D�W�H�G�� �J�O�X�F�R�V�H�� �O�H�Y�H�O�V�� �L�Q�G�X�F�H�� �D�Q�� �L�Q�F�U�H�D�V�H�� �L�Q�� �,�/�����[���� �Z�K�L�F�K�� �W�K�H�Q�� �O�H�D�G�V�� �W�R��
further impairment of beta-cell function (Figure 1 ).

More recent data in mice have also shown that IL-1Ra treatment prevents 
hyperglycemia by improving glucose tolerance and insulin secretion in the DIO 
�P�R�G�H�O���R�I���7���'�������������$�V���,�/�����5�D���L�V���O�L�N�H�O�\���L�Q�K�L�E�L�W�L�Q�J���W�K�H���D�F�W�L�Y�L�W�\���R�I���E�R�W�K���,�/�����Z���D�Q�G���,�/�����[����
it would therefore be valuable to test the efficacy of a monoclonal antibody to 
�,�/�����[���L�Q���'�,�2���P�L�F�H��

Using XOMA’s Human Engineering™ technology, we have developed a potent 
�D�Q�W�L���,�/�����[���D�Q�W�L�E�R�G�\�����;�2�0�$�������������7�K�H���D�I�I�L�Q�L�W�\���R�I���;�2�0�$�����������I�R�U���K�X�P�D�Q���,�/�����[�����K�,�/�����[����
�L�V�� �������� �S�0���� �Z�K�L�O�H�� �W�K�H�� �D�I�I�L�Q�L�W�\�� �I�R�U�� �P�R�X�V�H�� �,�/�����[�� ���P�,�/�����[���� �L�V�� ���� �Q�0�� ���G�D�W�D�� �Q�R�W�� �V�K�R�Z�Q������
Despite the 10,000 fold difference in affinities for the two species, XOMA 052 is 
�H�I�I�H�F�W�L�Y�H���L�Q���Q�H�X�W�U�D�O�L�]�L�Q�J���W�K�H���E�L�R�D�F�W�L�Y�L�W�\���R�I���P�,�/�����[��in vitro, with a 1,000 fold lower 
�S�R�W�H�Q�F�\�� �W�K�D�Q�� �W�K�D�W�� �D�J�D�L�Q�V�W�� �K�,�/�����[�� ���'�������*�������� �D�V�V�D�\���� �G�D�W�D�� �Q�R�W�� �V�K�R�Z�Q������ �;�2�0�$�� ��������
�L�V�� �D�O�V�R�� �H�I�I�H�F�W�L�Y�H�� �D�J�D�L�Q�V�W�� �P�,�/�����[��in vivo and can prevent the onset of disease in 
collagen-induced arthritis (data not shown). This antibody was thus tested for its 
ability to prevent the disease induced by a high-fat/high sucrose diet in the DIO 
mouse model of T2D.

�)�L�J�X�U�H�� ������ �$�� �P�R�G�H�O�� �I�R�U�� �W�K�H�� �U�R�O�H�� �R�I�� �K�\�S�H�U�J�O�\�F�H�P�L�D�� �D�Q�G�� �,�/�����[�� �L�Q�� �W�K�H�� �O�R�V�V�� �R�I��
beta-cell function and mass. Upper panel : In healthy individuals, the beta-
cells in the pancreas promote glucose homeostasis by producing insulin, which 
acts on fat and muscle cells to induce glucose uptake (peripheral uptake). 
�8�Q�G�H�U�� �Q�R�U�P�R�J�O�\�F�H�P�L�F�� �F�R�Q�G�L�W�L�R�Q�V���� �S�U�R�G�X�F�W�L�R�Q�� �R�I�� �,�/�����[�� �L�V�� �D�W�� �O�R�Z�� �O�H�Y�H�O�V�� �D�Q�G�� �G�R�H�V��
not induce harmful effects on the beta-cells. Lower panel: In T2D, chronic 
hyperglycemia causes insulin resistance as well as increased production of 
�,�/�����[�����Z�K�L�F�K���F�D�Q���O�H�D�G���W�R���E�H�W�D���F�H�O�O���G�\�V�I�X�Q�F�W�L�R�Q���D�Q�G���D�S�R�S�W�R�V�L�V�����/�R�V�V���R�I���E�H�W�D���F�H�O�O�V��
results in lower insulin production, therefore decreasing peripheral uptake, and 
contributing to more chronic hyperglycemia.

INTRodUCTioN
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