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The objective of the study was to evaluate the expression and function of 
Mid1  during AIA.
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Rheumatoid arthritis (RA) is a chronic autoimmune joint disease character-
ized by subchondral bone destruction, irreversible by currently available 
therapeutics. We have shown that mice deficient for Fas gene (Fas-/-) are pro-
tected from local bone resorption in antigen-induced arthritis (AIA), a murine 
model of RA, lack accumulation of synovial myeloid cells, which down-
regulate Mid1 gene. 
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arthritis assesment & 
sample collection

knee diameter
visual score 
µ-CT
Flow cytometry
FACS
Affymetrix St 2.0 
microarrays
q-PCR

AIA:

RESULTS
1. Mid1 gene is upregulated in synovial CD11b+Gr1+ cells and bulk joint tissue in 
resorptive AIA in B6 mice

2. Mid1 expression is upregulated early after arthritis induction and correlates 
with local proinflammatory cytokine expression

3. Upregulation of Mid1 in B6-AIA is not sexually dimorphic

4. Metformin, which inhibits Mid1-PP2A interaction, ameliorates 
arthritis severity in B6-AIA mice 

B6 AIA mice were treated with metformin daily during the immunization protocol to inhibit Mid1 proinflamma-
tory effects by blocking Mid1-PP2A interaction. On d10 of arthritis, (A) knee diameter was measured, visual 
score was assessed and (B) Mid1 and proinflammatory cytokine expression was measured in knee joints by 
q-PCR.
* statistically significant difference, p<0.05, T-test
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(A) AIA was induced in 
female and male mice 
and its severity was ass-
esed by knee diameter. 
(B) Despite its position 
on X chromosome Mid1 
expression in joints is 
not sexually dimorphic 
and was up-regulated in 
B6-AIA in both female 
mice (FC=9.66, p=0.04, 
Welch-test) and male 
mice (FC=3.79, p=0.006, 
T-test).
 
*statistically significant dif-
ference, p<0.05, Welch- 
or T-test

(A) Mid1 and IL-1β expression in knee joints incresases early after arthritis induction (d24) and remains elevated in a first week post-
induction (d28).  * statistically significant difference from NI, p<0.05, one-way ANOVA 
(B) Mid1 expression in knee joints is positively associated with joint diameter, expression of IL-1β, TNF, and IL-6 on d10 of arthritis. ρ 
Spearman`s correlation coefficient
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(C) q-PCR analysis of Mid1 expression in sorted synovial CD11b+Gr1+ cells and knee joint tissue homogenates in non-immunized (NI) and 
arthritic (AIA) B6 and Fas -/- mice and (D) Mid1 RNA in situ hybridization on frontal sections of femora of B6 and Fas-/- mice with arthritis. 
Mid1 is up-regulated in synovial CD11b+Gr1+ cells and bulk joint tissue of B6-AIA mice. Up-regulation is confirmed on paraffin sections. * 
statistically significant difference p<0.05, one-way ANOVA
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• Inflammatory response in resorptive AIA is marked by higher myeloid proliferation potential
• Mid1 expression is upregulated in synovial myeloid cells and bulk knee joint tissue of B6   
mice with resorptive arthritis
• Mid1 expression is upregulated early after arthritis induction and correlates with expression 
of local markers of inflammation

(A) Fas-/- mice with non-resorptive AIA lack 
accumulation of synovial CD11b+Gr1+ cells 
which are negatively associated with sub-
chondral bone volume. (B) Microarray analy-
sis of genes differentially expressed between 
B6 and Fas-/- synovial CD11b+Gr1+ cells. Sig-
nificantly changed genes are shown on a heat 
map and are marked red on volcano plot 
(logFC>1.5, p(BH-adjusted)=0.05). B6 synovial 
myeloid cells upregulate Mid1 gene 
(logFC=2.01, p(BH-adjusted)=0.0003,  limma + 
BH-adjustment) and genes responsible for 
progression of cell cycle and mitosis and 
downregulate genes involved in regulation of 
inflammatory response.

12 week, 
C57BL6 (B6) 
and Fas-/- 
mice

mBSA + CFA s.c. 

PBS s.c.NI:

AIA: mBSA i.a.. 
PBS i.a.ctrl:
PBS i.a.

mBSA + CFA s.c. 

A

B

• Despite its position on X chromosome Mid1 expres-
sion in joints is not sexually dimorphic
• Metformin, which inhibits proinflammatory effects of 
Mid1 by interfering with Mid1-PP2A interaction, amelio-
rates arthritis severity
• Mid1 inhibition might present a new therapeutic target 
for inflammation-mediated joint destruction
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