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High-dose heat shock protein gp96 immunization prevents
type 1 diabetes via inducing regulatory T cells

Mi Chen, Xinghui Li, Huaguo Zheng, and Songdong Meng

CAS Key Laboratory of Pathogenic Microbiology and Immunology, Institute of Microbiology, Chinese Academy of Sciences,
Beijing 100101, China

Abstract: Type 1 diabetes (T1D), the most prevalent human autoimmune disease, occurs in genetically susceptible
individuals. Regulatory T cells (Tregs) are defective in T1D setting. Therefore, efforts to repair or restore Tregs in T1D
may prevent or reverse this autoimmune disease. Here, we studied the potential role of rgp96 in preventing T1D, using
non-obese diabetic (NOD) mice as an animal model. High-dose rgp96 immunization elicited efficient protection of mice
against TID, as evidenced by stable blood glucose, decreased disease incidence. Significantly increased CD4" CD25"
Foxp3" Tregs were observed in immunized mice. /n vitro co-culture experiments demonstrated that rgp96 stimulation
enhanced Treg proliferation and suppressive function by up-regulation of Foxp3 and IL-10. Our work shows that activation
of Tregs by high-dose rgp96 immunization protects against T1D via inducing regulatory T cells and provides preventive

and therapeutic potential for the development of an rgp96-based vaccine against T1D.

Keywords: gp96, Tregs, type 1 diabetes, immunotherapy, vaccine
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Fig. 1 Purification and identification of recombinant
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MSA (B) expressed in the Bac-to-Bac” baculovirus
expression system was analyzed on a 10% SDS-PAGE
gel and visualized with coomassie staining (left lane)
or immunoblotted with an anti-gp96 or anti-MSA
antibody (right lane).
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Fig. 2 Immunization with high-dose rgp96 prevents the onset of T1D in NOD mice. Schematic representation of the
immunization schedule (A). Female NOD mice were immunized with the indicated amounts of rgp96 (B), or PBS,
MSA or rgp96 (100 pg/time) (C) for three times at 6, 7 and 9 weeks of age, respectively. FACS analysis of the
frequency of CD4"CD25 Foxp3" Tregs in the spleen of mice at week 10 (B). Blood glucose were measured weekly
for eleven weeks after the last immunization (C). Diabetes incidence is shown (D). Mice were determined diabetic
with two consecutive readings of blood glucose >13.3 mmol/L. Data show the X +s of ten mice. Student’s z-test was
used to determine P-values. ** P< 0.01 compared to PBS- or MSA-immunized mice.
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Fig. 3 High-dose rgp96 immunization induces Tregs in mice. Female NOD mice were immunized with PBS,
MSA or rgp96 (100 pg/time) for three times. Mice were sacrificed at age week 10. Flow cytometric analysis was
performed to determine the frequency of CD4 CD25 Foxp3™ Tregs in the spleen of mice. Data show the x +s of
ten mice. Student’s 7-test was used to determine P-values. ** P<0.01. Data are representative of two independent
experiments.
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Fig. 4 High-dose rgp96 promotes Tregs inhibitory function and proliferation, and up-regulates Foxp3 expression
and IL-10 secretion. Mice spleenocytes (A-C) or Treg cells (D-E) were incubated with 100 pg/mL rgp96 or PBS in
vitro in the present of 1 pg/mL anti-CD3, anti-CD28 Abs and 50 IU/mL IL-2. (A) Proliferation of Tregs was
determined by CSFE staining 3 d later. (B) A total of 3x10° CSFE-labeled CD4 CD25™ Teff cells were co-cultured
with Tregs at a ratio of 3:1 for 3 d. Teff cells cultured without Tregs served as a negative control. The CFSE-labelled
Teff cell division cycle was measured by FACS. (C) The suppression rate for Teff proliferation was calculated. (D)
The IL-10 levels in the supernatants of Tregs were measured by ELISA. (E) The Foxp3 expression of Tregs was
detected by Western blotting. Student’s 7-test was used to determine P-values. ** P< 0.01. Results are representative
of three independent experiments, and FACS analyses were performed for at least five times in each experiment.
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