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Summary
Lanthanum (La), which is one of the rare earth elements, is used for industrial material such as capacitors and

lenses. Furthermore, La possesses active physiological and biological properties in the human body and its compounds

have been applied medicinally as an anti-hyperphosphatemia drug. In the present study, we examined the effect of

lanthanum ions (La®*") iz vitro on the phosphatase activity of calcineurin (CN), which has been recognized as a ther-

apeutic target for the immunosuppressive drugs cyclosporin A and FK506. Using kinetic analysis, we found that the

CN activity was inhibited by La’*" in mixed-type noncompetitive inhibition. For further investigations on the effect

of La®* on cellular immunity, we studied the effects of La®*" on IL-2 production induced by the mitogen, concanavalin
A (ConA), in Jurkat T-cells and found that La®" suppressed the ConA-induced IL-2 produced by Jurkat cells. The
results showed that La’" regulated cellular immunity via the transcription factor NFATcI.
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Fig. 1 Inhibition of the phosphatase activity of calcineurin by
La®". IC,, values were calculated using the software
GraphPad Prismb.

Values are presented as mean * SD.
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Fig. 2 Double-reciprocal Lineweaver-Burk plot. With an in-
crease of 1/S (pNPP mmol/L), LaCl; concentrations lin-
early increased and were highest at 10 umol/L, lower at
7 umol/L, and lowest at 0 umol/L.

Values are presented as mean + SD.

Table 1 Summary of max and Km values for lanthanum ions
(La*) at 0 gmol/L, 7 umol/L, and 10 umol/L, respec-
tively

Mixed-type noncompetitive inhibition

La** (0 umol/L) Vmax=0.40 (hmol/min)  Km=0.52 (mmol/L)

La®* (7 umol/L) Vmax=0.29 (nmol/min)  Km=0.88 (mmol/L)

La®* (10 umol/L)  Vmax=0.26 (hmol/min)  Km=1.30 (mmol/L)




o T, HBHEIEHORVIEEOH#P (3 mmol/L) T LaCly
12X % Jurkat ffE o IL-2 BEA ISR § % 582 % Bt L 72
ZORE, Fig 41223 X912, # 01 mmol/L ® LaCl,
2O REET S IL-2 O T2 54, 3 mmol/L &
LaCl; Tl IL-2 BEA % IZIFHT 2 Z LAVR S N7z, fEo

(A)
0.1 0.3

120
: I I
40
20
0
+

cell viability (%)
[=2)
o

+ + +
1 3 10

ConA -

LaCly (mmol/L)

ConA
+1 mmol/L
LaCl, 100 um

¥ ConA
{ +3 mmol/L
™ LaCl, 200um

Fig. 3 Effects of La®* on cell viability (A) and cell morphology (B)
in Jurkat cells.
Values are presented as mean * SD. **p < 0.01 compared

with ConA.
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Fig. 4 Effects of La’", S¢®*, and Y** on IL-2 production in Jur-
kat cells. With increased rare earth element concentra-
tions, IL-2 production reduced.

Values are presented as mean * SD. *» <0.05, *p <0.01
compared with ConA.
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Fig. 5 Effects of rare earth elements in the presence of 0.5 mM
(A) and 1 mM (B) on IL-2 production in Jurkat cells.
Higher concentrations of rare earth elements resulted in
lower IL-2 production.

Values are presented as mean * SD. **p < 0.01 compared
with ConA.
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Fig. 6 TL-2 mRNA levels of Jurkat cells stimulated with La®".
IL-2 mRNA levels fell with increased LaCl;concentra-
tions.

Values are presented as mean *= SD. **p <0.01 compared
with ConA.
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Fig. 7 Schema of T-cell receptor (TCR)-mediated IL-2 produc-
tion in T-lymphocytes. The mitogen, ConA, is thought to
stimulate IL-2 production via a TCR and subsequently
activate the CN/NFATcl pathway in T-lymphocytes.
The immunosuppressive drug, FK506, has been shown
to inhibit CN via the FK506-binding protein 12 (FKBP).
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Fig. 8 Effects of La®" on the activity of NFATc] in Jurkat cells.
NFATcl levels decreased with increased LaCl; concen-
trations.

Values are presented as mean * SD. *p < 0.01 compared
with ConA.
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