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Regulatory Mechanisms of Intracellular Distribution of Na*-dependent Glucose
Transporter and the Role in Recovery from Cellular Injury
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Exposure of cells or organs to sublethal stress induces the expression of some heat-shock proteins (Hsp) , including
Hsp70. In porcine renal LLC-PK; cells, heat stress (HS) elevates Hsp70 expression and Na+-dependent glucose trans-
port. We examined whether Na*-dependent glucose transporter (SGLT1) interacts with Hsp70 to elevate SGLT1 activi-
ty and whether SGLT1 activation is involved in the recovery from HS injury. HS (42°C for 3 h) elevated SGLT1 activity
and expression of SGLT1 in the apical membrane fraction. HS increased the maximal transport rate (V.), but did not
affect the apparent affinity constant (K,) for glucose. The HS-induced SGLT1 activation was inhibited by anti-trans-
forming growth factor (TGF)-81 antibody. Furthermore, transfection of anti-Hsp70 antibody into the cells inhibited
SGLT1 activation. These results suggest that HS induces TGF-£1 secretion, and then Hsp70 forms a complex with
SGLTI1 and increases the distribution of SGLT1 in the apical membrane. Next, we examined the effect of HS on plasma
membrane integrity. Accumulation of calcein, a membrane-impermeable fluorescent dye, was decreased by HS and then
returned to basal level. This recovery was inhibited by phloridzin, a selective SGLT inhibitor, and nonmetabolizable glu-
cose analogues. Anti-TGF-f1 antibody also inhibited the recovery of calcein accumulation. Taken together, the present
results show that HS elevates SGLT1 activity mediated via the TGF-£1 signaling pathway and that the increase in glucose
uptake is necessary to repair plasma membrane injury.
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Fig. 1. Expression and Transport Activity of SGLT1 in Sub-
confluence and Confluence LLC-PK; Cells

(A) The membrane fractions were prepared from sub-confluence and
confluence cells. Samples were run on SDS-PAGE gels and immunoblotted
with an anti-SGLT1 antibody (SGLT1) or an anti-Hsp70 antibody (Hsp70) .
(B) SGLT1 activity was determined by [4C]-a-methyl glucopyranoside
([**C]-AMG) uptake carried out at 37°C for 30 min in sub-confluence (open
column) and confluence cells (closed column). **: significantly different
from the sub-confluent condition (p<0.01).
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Fig. 2. Effects of Heat Stress (HS) on SGLT1 Activity in
LLC-PK, Cells

(A) LLC-PK, cells were exposed to normal temperature (P) or HS fol-
lowed by recovery for 0, 3, 6 and 12 h. SGLT1 activity was determined by
[4C]-AMG uptake carried out at 37°C for 30 min. All data were subtracted
by a non-specific [1“C]-AMG transport in the presence of 0.5 mm phloridzin.
** p<0.01 and *p<{0.05 vs normal temperature. (B) SGLT1 activity was
determined in the cells of pre-heat (M) and HS followed by recovery for 0 h
(A) and 12h (O). Unlabeled AMG concentrations were varied from 0.01
to 1 mm. * p<{0.05 vs pre-heat cells.
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Fig. 3. Increase of SGLT1 Activity by TGF-£1

(A) LLC-PK, cells were incubated with 2 ng/ml TGF-A1 for indicated
time, then SGLTI activity was determined. (B) The cells were incubated
with TGF-$1 at indicated concentration for 2 h, then SGLT1 activity was de-
termined.
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Fig. 4. Increase of Interaction between SGLT1 and Hsp70 by
TGF-p1

(A) The membrane fractions were prepared from control (—) and 2 ng
/ml TGF-B1-treated (+) cells. Samples were run on SDS-PAGE gels and
immunoblotted with an anti-SGLT1 (SGLT1) or an anti-Hsp70 antibody
(Hsp70). (B) The membrane fractions prepared from control (—) and
TGF-B1-treated (+) cells were immunoprecipitated with an anti-Hsp70
(left) or an anti-SGLT]1 antibody (right), then immunoblotted with an anti-
SGLT]I or an anti-Hsp70 antibody, respectively.
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Fig. 5. Recovery of Calcein Accumulation from HS Injury

(A) The cells were exposed to normal temperature (P) or HS followed
by recovery for 0, 1.5, 3, and 12 h in the presence (hatched column) and ab-
sence (open column) of 0.5 mm phloridzin. LDH released into the extracel-
lular solution was represented as a percentage of total LDH activity. (B) The
cells were exposed to HS followed by recovery for 0, 1.5, 3 and 12 h in the
presence (hatched column) and absence (open column) of 0.5 mm phlorid-
zin. Then the cells were incubated with calcein-AM at 37°C for 20 min. After
removing extracellular calcein, the cells were solubilized by 2% Triton
X-100. The aliquot was collected and calcein accumulation was normalized
to a reference sample of normal temperature (P). **p<0.01 vs 1.5 h.
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