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ABSTRACT. Type 1 diabetes is a chronic progressive autoimmune 
disease characterized by mononuclear cell infiltration, with subsequent 
destruction of insulin-producing β-cells. Studies have identified strong 
associations between type 1 diabetes and several chromosome regions, 
including 12q24. Association between type 1 diabetes and 12q24 
arises from SNP rs3184504; rs3184504 is a nonsynonymous SNP in 
exon 3 of SH2B3 (also known as LNK). Nonobese diabetic (NOD) 
mice recapitulate many aspects of the pathogenesis of type 1 diabetes 
in humans and are therefore frequently used in studies addressing the 
cellular and molecular mechanisms of this disease. It is of interest to 
know whether there is a similar mutation of SH2B3 in NOD mice. 
We found that the SH2B3 mutation is absent in NOD mice. To our 
knowledge, this is the first report of the sequence and the protein levels 
of SH2B3 in NOD mice.
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INTRODUCTION

Type 1 diabetes (T1D) is a chronic progressive autoimmune disease characterized by 
mononuclear cell infiltration, dominated by pathogenic T cells, of the pancreatic islets, with 
subsequent destruction of insulin-producing β-cells (Hung et al., 2005). Although T1D is not 
a genetically predestined disease, an increased susceptibility to the disease can be inherited 
(Todd et al., 2007; Hunt et al., 2008). Genome-wide association studies have identified strong 
associations between T1D and several chromosome regions, including 12q24 (Todd et al., 
2007; Hunt et al., 2008). An association between T1D and 12q24 arises from SNP rs3184504. 
rs3184504 is a nonsynonymous SNP in exon 3 of SH2B3 (also known as LNK), leading to an 
R262W amino acid change in the pleckstrin homology domain. This domain may be impor-
tant in plasma membrane targeting (Todd et al., 2007; Hunt et al., 2008). SH2B3 is strongly 
expressed in monocytes and dendritic cells, and to a lesser extent in resting B, T and natural 
killer cells (Li et al., 2000; Velazquez et al., 2002). SH2B3 regulates T-cell receptor, growth 
factor and cytokine receptor-mediated signaling, implicated in leukocyte and myeloid cell 
homeostasis (Li et al., 2000; Velazquez et al., 2002). Sh2b3-/- mice have increased responses 
to multiple cytokines (Velazquez et al., 2002). However, it remains unknown how the R262W 
mutation of SH2B3 contributes to the pathogenesis of T1D.

Nonobese diabetic (NOD) mice recapitulate many aspects of the pathogenesis of T1D 
in humans and are therefore frequently used in studies addressing the cellular and molecular 
mechanisms of T1D (Delovitch and Singh, 1997; Hung et al., 2005). It is of interest whether 
there is a similar mutation of SH2B3 in NOD mice. If it is the case, NOD mice could be used 
as a good model to study how SH2B3 mutation contributes to the pathogenesis of T1D.

MATERIAL AND METHODS

Female C57BL/6 mice and female NOD/LtJ mice were purchased from the Institutes 
of Experimental Animals, Academy of Chinese Medical Sciences (Beijing, China). All mice 
were maintained under specific pathogen-free conditions. All experiments were performed 
in accordance with institutional guidelines for animal care. Unless otherwise specified, mice 
were used between 3 and 4 weeks of age and were therefore nondiabetic. T1D develops in over 
80% of NOD/LtJ female mice between 12-16 weeks of age in our colony.

Bone marrow-derived macrophages and dendritic cells (BMM and BMDC, respec-
tively) were obtained by culturing the non-adherent bone marrow cells in RPMI 1640 medium 
containing 15% (v/v) FBS, 2 mM L-glutamine, 100 U/mL penicillin, 100 mg/mL streptomycin, 
and 50 mM 2-mercaptoethanol with 100 ng/mL M-CSF or 10 ng/mL GM-CSF and 10 ng/mL 
IL-4 for 7 days, as previously described (Zhang et al., 2010). FBS was from HyClone Labora-
tories (Logan, UT, USA). M-CSF was from Cetus (Emeryville, CA, USA). GM-CSF was from 
PeproTech (Rocky Hill, NJ, USA). IL-4 was from R&D Systems (Minneapolis, MN, USA).

Thymocytes were obtained from single-cell suspensions of thymuses by direct deple-
tion of red cells. CD4+ T cells were isolated (negative selection) from single-cell suspensions 
of spleens by using a CD4+ T cell isolation kit II and MS columns according to the manu-
facturer protocol. CD4+ T cell isolation kit II and MS columns were obtained from Miltenyi 
Biotech (Bergisch Gladbach, Germany).

RNA was extracted by using TRIzol reagent. cDNA was derived from 1 mg total RNA 
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by reverse transcription using M-MLV reverse transcriptase and oligo(dT) primer. TRIzol 
reagent, M-MLV reverse transcriptase, and oligo(dT) primer were from Invitrogen (Carlsbad, 
CA, USA). The following primer pairs were designed and used: SH2B3 (1-517 bp), 5'-ATGAA
CGAGCCCACCGTGC-3' and 3'-CCTCCTTGAGCGCCTCAG-5'; SH2B3 (491-1168 bp), 
5'-AGCCGCCCACTGAGGCGCTCAAGGAGGTCGTATTGC-3' and 3'-GCACCAGGCGT
AAGTGCTTGGCTCTGC-5'; SH2B3 (1144-1647 bp), 5'-AGAGCCAAGCACTTACGC-3' 
and 3'-TCACACGTCTGCCTCTCTG-5'. All PCRs were carried out by a standard protocol 
for 30 cycles with 25 ng cDNA. Aliquots of PCR mixtures were separated on a 1% (w/v) 
agarose gel and visualized with UV light after ethidium bromide staining. The purified PCR 
products were ligated into a pGEM-T easy plasmid vector and subjected to sequencing. The 
synthesis of primers and sequencing were finished by Invitrogen.

Immunoblotting analysis was done as previously described (Cui et al., 2009). Briefly, 
cell lysates were prepared in ice-cold lysis buffer (0.5% NP-40, 20 mM Tris-Cl, pH 7.6, 250 
mM NaCl, 3 mM EDTA, 3 mM EGTA, 1 mM sodium orthovanadate, 1 mM DTT, 10 mM 
PNPP, 10 mg/mL aprotinin). Cell lysates were then resolved by SDS-PAGE before transferring 
to nitrocellulose membranes. Nitrocellulose membranes were then incubated with 5% (w/v) 
nonfat dry milk in washing buffer (20 mM Tris-Cl, pH 7.6, 150 mM NaCl, and 0.1% Tween 
20) for 1 h at 37°C to block nonspecific protein binding. Primary antibodies were diluted in 
washing buffer containing 5% (w/v) nonfat dry milk and applied to the membranes overnight 
at 4°C. After extensive washing, the membranes were incubated with peroxidase-conjugated 
antibodies for 1 h at room temperature and washed again. Immunoreactive bands were visu-
alized with the ECL chemiluminescence kit. Antibodies against SH2B3 and actin were from 
Santa Cruz Biotechnology (Santa Cruz, CA, USA).

For flow cytometry analysis, the cells were washed with flow cytometry buffer (2% 
FBS, 0.1% NaN3 in PBS) twice, and then incubated with FITC- or PE-conjugated antibodies at 
4°C. Isotype antibodies were included as negative control. After washing with flow cytometry 
buffer, the cells were fixed with 1% (w/v) paraformaldehyde in PBS and stored at 4°C. Flow 
cytometry was carried out on a Becton Dickinson FACSCalibur (BD Biosciences, Franklin 
Lakes, NJ, USA). FITC- or PE-conjugated antibodies were from eBioscience (San Diego, 
CA, USA).

RESULTS AND DISCUSSION

The R262W mutation in the human SH2B3 protein has been revealed to be implicated 
in T1D (Todd et al., 2007; Hunt et al., 2008). To analyze whether there is a similar mutation of 
SH2B3 in NOD mice, we purified the total RNA from NOD thymocytes and designed primers 
according to the reported sequence of C57BL/6 SH2B3 mRNA in NCBI. RT-PCR was suc-
cessful (Figure 1). The purified PCR products were then ligated into a pGEM-T easy plasmid 
vector and sequenced. The sequencing data showed that the NOD SH2B3 mRNA has an open 
reading frame of 1647 bp, the same as its C57BL/6 counterpart. However, no mutation was 
found in the open reading frame of the SH2B3 mRNA in NOD mice (Figure 1).

Even though there is no mutation in the open reading frame of the SH2B3 mRNA in 
NOD mice, it is still possible that there is an alteration in the expression of SH2B3 contribut-
ing to the onset of diabetes in NOD mice. Because extensive studies have demonstrated that 
impaired T-cell regulation induction in the thymus and in the periphery plays a pivotal role in 
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disease initiation and progression (D’Alise et al., 2008), thymocytes from 3-week-old C57BL/
B6 and NOD mice were first chosen to test this hypothesis. Immunoblotting analysis revealed 
that the protein level of SH2B3 in NOD thymocytes was similar to that in their C57BL/6 
counterparts (Figure 2A). Furthermore, CD4+ splenic T cells were purified (Figure 2B), and 
immunoblotting analysis revealed that the protein level of SH2B3 in purified NOD CD4+ 
splenic T cells was similar to that in their C57BL/6 counterparts (Figure 2C).

Figure 2. Similar protein levels of SH2B3 in C57BL/6 (C57) and nonobese diabetic (NOD) thymocytes and CD4+ 
T cells. A. and C. Comparison of the protein levels of SH2B3 in C57BL/6 and NOD thymocytes (A) and CD4+ 
T cells (C) by immunoblotting (IB). B. Determination of the purity of CD4+ splenic T cells isolated. Data are 
representative of at least 6 individual experiments.

SH2B3 is strongly expressed in monocytes and dendritic cells (Li et al., 2000; 
Velazquez et al., 2002). Several groups have demonstrated that compared to cells from refer-
ence strains of mice including C57BL/6, NOD macrophages and BMDC exhibit elevated IL-
12 production in response to various inflammatory stimuli such as LPS (Marleau et al., 2008). 
Thus, the expression of SH2B3 in NOD BMDC and BMM was explored. BMDC and BMM 

Figure 1. PCR amplification of SH2B3 cDNA.
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from C57BL/6 and NOD mice showed similar expression of the dentritic cell marker CD11c 
and macrophage marker F4/80, respectively (Figure 3A and C). Moreover, immunoblotting 
revealed that the protein levels of SH2B3 in NOD BMDC and BMM were similar to those in 
their C57BL/6 counterparts (Figure 3B and D).

Figure 3. Similar protein levels of SH2B3 in C57BL/6 (C57) and nonobese diabetic (NOD) BMDC and BMM. 
A. and C. Determination of the protein levels of CD11c and F4/80 in C57BL/6 and NOD BMDC (A) and BMM 
(C), respectively. B. and D. Comparison of the protein levels of SH2B3 in C57BL/6 and NOD BMDC (B) and 
BMM (D) by immunoblotting (IB). BMM and BMDC = bone marrow-derived macrophages and dendritic cells, 
respectively. Data are representative of at least 6 individual experiments.

CONCLUSIONS

Collectively, our data suggest that NOD mice are not appropriate for use in the study 
of how the R262W mutation of SH2B3 contributes to the pathogenesis of T1D. To our knowl-
edge, we are the first to report that the sequence and expression of SH2B3 exhibit no signifi-
cant alteration in NOD mice.
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