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Divalent cations, such as Ca2+ and Mg2+, regulate integrin affinity in
seconds via binding to metal ion-binding sites in integrin extracellular
domains48. Integrin αLβ2 has an I domain in the αL subunit, which
harbors a metal ion-dependent adhesion site (MIDAS) acting as the
primary ligand-binding site49. Mg2+ in this site forms a direct interaction
with a negatively charged residue Glu-34 in ICAM-150. Besides, there is a
linear cluster of three metal ion binding sites in the βI domain. MIDAS
is located in the center and flanked by two metal ion-binding sites: the
adjacent to MIDAS (ADMIDAS) and the ligand-induced metal binding
site (LIMBS) also known as synergistic metal ion-binding site
(SyMBS)49. The divalent cation at βI MIDAS directly coordinates the
acidic side chain of Glu-310 in the α7 helix of the αL I domain and

activates the αL I domain by exerting a downward pull on α7 helix49,51.
LIMBS and ADMIDAS function as positive and negative regulatory
sites, respectively14,49. The occupancy of ADMIDAS by Ca2+ inhibits
integrin activation. Removal of Ca2+ from ADMIDAS can induce robust
integrin activation in seconds. Notably, integrin activation by removal
of Ca2+ is very rapid because the regulation of integrin affinity by Ca2+

does not involve a complicated intracellular signal transduction
cascade.

T cells express a variety of calcium channels with selective per-
meability to Ca2+, including voltage-gated calcium channels (e.g.,
Cav1.1 and Cav2.1) and ligand-gated calcium channels (e.g., store-
operated CRAC channels, ORAI1, ORAI2, and ORAI3)52. Ca2+ is also
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Fig. 8 | [Ca2+]ex dynamics and integrin �L�2 activation on the surface of homing
T cells in mice. Splenic T cells from R26-LSL-CEPIAexternal;Itgal-LSL-Clover;Itgb2-
LSL-mRuby2;CD4-Cre mice were labeled with Cell-tracer 647 or Cell-tracer 405 for
cell tracking in CEPIAexternal imaging and integrin tail FRET imaging respectively,
and then injected via tail vein into recipient mice. a Two-photon intravital micro-
graphs of T cells in the psoriasis skin vascular network. Mice were injected with
dextran Texas Red and CD31-Alexa Fluor 594 to identify vessels (red). Images are
representative of three independent intravital movies. b Intravital micrographs of
representative rolling T cells labeled with Cell-tracer 647 (red) in vessels of reci-
pient mice. Square highlights rolling cell. Images are from Supplementary Movie 1.
Time is shown in min:s. c Time series showing the dynamic changes of CEPIAex-
ternal ratio and αLβ2 tail FRET in representative T cells during rolling to arrest

transition. Pseudocolor signals were shown as an iso-surface (lower left) pattern
based on the original fluorescence (upper right) of T cells. Images are from Sup-
plementary Movie 2. Scale bars, 6 µm. d, e Quantification of CEPIAexternal ratio
shown in (d) and αLβ2 tail FRET ratio dynamic changes of the cells shown in (e). The
αLβ2 tail FRET ratio is normalized to the mean value of cells in a rolling state (R/R0).
Solid lines represent the mean; shaded areas, s.e.m. (n = 12). f Correlation among
[Ca2+]ex, αLβ2 activation amplitude and rolling velocity of T cells during rolling to
arrest transition. Integrin activation amplitude was defined as the extent of a
decrease in the normalized FRET ratio compared with the value of rolling T cells.
Solid lines represent the mean; shaded areas, s.e.m. (n = 12). Source data are pro-
vided as a Source Data file.
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Fig. 9 | SKF96365 blocks [Ca2+]ex drop and alleviates IMQ-induced psoriasis.
a–c 10-week-old mice were treated with 62.5 mg cream containing 5% IMQ onto
abdominal skin daily for 2 days (n = 6 mice). DMSO and 100 µM SKF96365-
pretreated T cells were transferred into mice via tail vein injection. The transferred
T cells were labeled with Cell Tracer 647. a Schematic diagram of IMQ-induced
psoriasis mouse model. b Representative intravital micrographs of the transferred
T cells arrested in skin postcapillary venules at psoriasiform lesions. Vessels were
visualized by dextran Texas Red and CD31-Alexa Fluor 594 (red). Images are from
Supplementary Movie 3. Time is shown in min:s. c Quantification of the arrested
T cells in skin postcapillary venules. Data are presented as box-and-whisker plots
showing the median (central line), 25th–75th percentile (bounds of the box), and
5th–95th percentile (whiskers). Each dot represents an individual movie. d–h 10-
week-old R26-LSL-CEPIAexternal;Itgal-LSL-Clover;Itgb2-LSL-mRuby2;CD4-Cre mice

were treated with 18 mg cream containing 5% IMQ onto each ear and injected with
10 mg/kg SKF96365 or DMSO daily for 7 days (n = 6 mice). d Schematic diagram of
IMQ-induced psoriasis and SKF96365 treatment. e Changes in ear thickness relative
to day 0 of IMQ application. f Representative H&E staining of ear sections of DMSO
or SKF96365 treated mice on day 7 after IMQ treatment (left). Scale bar: 50 μm.
Quantification of epidermal thickness (right). An average of at least 3 measure-
ments per sample was calculated. g Quantification of αLβ2+ T cells in the ear on day
7 after IMQ treatment. h Representative immunofluorescent images of ear skin of
mice treated with DMSO or SKF96365 (left). Scale bar: 100 μm. Right: Quantifica-
tion of αLβ2+ T cells in each field (right). An average of at least 3 measurements per
sample was calculated. Data represent the mean ± SD. ns, not significant (unpaired
two-tailed Student’s t test). Source data are provided as a Source Data file.
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