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WFEE R OBFE (J30) : We analyzed pathophysiological roles of inflammatory cytokine, IL-6,
and female sex hormone, estrogen, in arsenite-induced renal injury by using mouse models.
We found a crucial involvement of autophagic cell death of renal tubular epithelial cells in
pathogenesis of arsenite-induced renal injury. We clarified that IL-6 played a protective
role in pathogenesis of arsenite-induced renal injury by reduction of autophagy through
suppression of ERK phosphorylation. We also found a gender difference in susceptibility to
renal toxicity of arsenite, which was caused by an interference of IL-6/Stat3 signaling by
estrogen.
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Figure 1. A and B: Determination of serum BUN (A) and serum CRE
(B) levels in wild-type (WT) and IL-6" mice at the indicated time
intervals after NaAs challenge. All values represent means = SEM (n
=15). *P<0.05; **P<0.01, WT versus IL-6" mice. C-F:
Histopathological observations of the kidneys from WT (C and E) and
IL-6" mice (D and F). Representative results from six individual
animals are shown here. The specimens were obtained from mice at 10
hours after NaAs challenge and were stained with H&E (C and D) or
PAS staining (E and F). In IL-6” mice, massive tubular necrosis with
cast formation and severe hemorrhages (D), and the disappearance of
PAS-positive brush border were observed (F). In contrast, the
histopathological changes were less evident in WT mice, compared
with IL-6" mice (C and E). Original magnification,= 200. G: The
histopathological score of the kidneys was determined as described in
Materials and Methods. All values represent mean = SEM (n =15).
*P <0.05; **P < 0.01, WT versus IL-6" mice.
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Figure 2. A and B: RT-PCR analysis for IL-6 mRNA expression in the
kidneys of wild-type mice at the indicated time intervals after NaAs
challenge. Representative results from six independent experiments are
shown in A. B: The ratio of IL-6 to B-actin was calculated. All values
represent means = SEM (n = 6 animals). **P < 0.01, NaAs-treated
wild-type mice versus control mice. C: Immunohistochemical detection
of IL-6 protein in the kidneys of wild-type mice at 10 hours after NaAs
challenge. Representative results from six individual animals are shown
here. At 10 hours after NaAs challenge, IL-6 protein was
immunohistochemically detected in most renal tubular cells. Original
magnification, x200.
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Figure 3. The effects of BM transplantation on NaAs-induced renal
injury. Recipient mice were transplanted with BM cells from IL- 6" or
wildtype (WT) donors as described in Materials and Methods. BM
chimeric mice were injected with NaAs at 60 days after BM
transplantation. Serum BUN (A) and serum CRE (B) levels in BM
chimeric mice at 10 and 24 hours after NaAs challenge. Each value
represents mean = SEM (n = 6). *P < 0.05; **P < 0.01, WT recipient
versus knockout (KO) recipient mice.
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Figure 4. A and B: RT-PCR analysis for gene expression for MRP1
and MRP2 was performed at 3, 6, 10, and 24 hours after NaAs
challenge, as described in the Materials and Methods. The ratios of
MRP1 (A) and MRP2 (B) to B-actin were calculated and are shown
here. All values represent means = SEM (n = 6 animals). C:
Intrarenal arsenic contents in wild-type and IL-6" mice were
determined by atomic absorption spectrometry at the indicated time
intervals after NaAs challenge, and the data were expressed as the
arsenlc amount (ug)/the kidney weight (g). All values represent means
+ SEM (n = 6 animals).
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Figure 5. A: Immunohistochemical detection of LC3, a marker of
autophagy, in the kidneys of wild-type (WT) and IL- 67 mice after
NaAs challenge. Representative results from six individual animals are
shown here. At 10 hours after NaAs challenge, LC3 immunoreactivities
were apparently enhanced in renal tubular cells in IL-6" mice,
compared with wild-type mice. Original magnification, x200. B:
Western blotting analysis of the conversion of LC3-1 to LC3-II,
p- STATS STATS3, p-ERK, ERK, and B-actin in the kidney from WT
and IL-6"" mice at 6 and 10 hours after NaAs challenge. Representative
results from six independent experiments are shown here. C-E:
LC3-II/ B-actin  ratios (C), p-STAT3/STAT3 ratios (D), and
p-ERK/ERK ratios (E) obtained by densitometry are shown here. All
values represent means = SEM (n = 6 animals). **P < 0.01; *P <
0.05, wild-type versus IL- 67 mice.
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Figure 6 A and B: Effects of anti-IL-6 pAbs and 3-MA on
NaAs-induced conversion of LC3-I to LC3-II in mProx24 cells after 12
hours of culture. Western blotting analyses were performed as
described in Materials and Methods. Representative results from six
independent experiments are shown in A. B: LC3-II/_-actin levels were
densitometrically determined. All values represent means=SEM (six
independent experiments). **P<0.01;*P<0.05, versus mProx24 cells
cultured with only NaAs. #P < 0.01; ##P < 0.05, versus untreated
mProx24 cells. C: Effects of anti-IL-6 pAbs and 3-MA on the viability
of mProx24 cells cultured with NaAs for 12 hours. All values represent
means = SEM (n = 16 wells). ##P < 0.01; #P < 0.05, versus control.
*¥*p < 0.01; *P<0.05, versus cultured with only NaAs. D: The
ultrastructure of untreated and NaAs-treated mProx24 cells (left:
untreated; right: NaAs-treated). Numerous autophagic vacuoles were
detected in NaAs-treated mProx 24 cells. Representative results from
three independent experiments is shown here (bars =1 pm). E: The
effects of siRNA treatment on Atg7 expression. mProx24 cells were
transfected with Atg7 siRNA or nontargeting control siRNA.
Whole-cell lystes were subjected to Western blotting with anti-Atg7
pAbs. F: Effects of Atg7 knockdown on viability of mProx24 cell
cultured with NaAs for 12 hours. All values represent means *= SEM
(n = 6 wells). *P<0.05, versus nontargeting siRNA trasfected mProx24
cells. G and H: RT-PCR analysis for IL-6 gene expression in mProx24
cells cultured in the presence of NaAs. Representative results from six
independent experiments are shown in G. The ratios of IL-6 to _-actin
are calculated and shown in H. All values represent means = SEM (n
= 6 independent experiments). **P<0.01, versus control. I:
Fluorescence microscopic determination of GFP-LC3 distributions in
mProx24 cells treated with NaAs, NaAs_anti-IL-6 pAbs, or NaAs_anti-
IL-6 pAbs _ 3-MA for 12 hours. Representative results from six
independent experiments are shown here. J and K: Effects of E64d and
pepstatin A on NaAs-induced conversion of LC3-I to LC3-II in
mProx24 cells. NaAs-induced LC3-II formation in mProx24 cells
cultured in the presence or absence of E64d and pepstatin A were
analyzed as described in Materials and Methods. Representative results
from six independent experiments are shown in J. LC3-1I/B-actin ratios
were densitometrically determined and shown in K. All values
represent means = SEM (six independent experiments). *P < 0.05.
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Figure 7. A: Effects of anti-IL-6 pAbs, AG490, and PD98059 on
NaAsinduced autophagic cell death and the phosphorylation of STAT3
and ERK in mProx24 cells. Western blotting analyses were performed
as described in Materials and Methods. Western blotting analysis using
anti-_-actin Ab confirmed that an equal amount of protein was loaded
onto each lane. Representative results from six independent
experiments are shown in A. LC3-II/B-actin ratios (B),
p-STAT3/STAT3 ratios (C), and p-ERK/ERK ratios (D) were
densitometrically determined and are shown here. All values represent
means £ SEM (six independent experiments). **P < 0.01; *P < 0.05,
versus mProx24 cells cultured with only NaAs. #P < 0.01; ##P < 0.05,
versus untreated mProx24 cells. E: Effects of anti-IL-6 pAbs, AG490,
and PD98059 on the viability of mProx24 cells cultured with NaAs for
12 hours. All values represent means + SEM (n = 16 wells). ***P <
0.005; **P < 0.01; *P<0.05, versus cultured with only NaAs.
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Figure 8. The hypothetical mechanism of protection of renal tissue by
IL-6 /Jak / Stat3 signaling in NaAs-induced renal injury.
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Figure 9. Effects of exogenous IL-6 on renal injury in NaAs-treated
wild-type mice. A: Determination of serum BUN levels in wild-type
mice treated with IL-6 at 1 hour after NaAs challenge. All values
represent means +SEM (n = 6). *P <0.05, IL-6 versus vehicle. B: The
effects of IL-6 treatment on Erk, LC3-I, and LC3-II. Proteins were
extracted from the kidney of vehicle- or IL-6-treated mice at 10 and 24
hours after NaAs challenge and were subjected to Western blotting
analysis of p-ERK, ERK, LC3-I, LC3-II, and B-actin. Representative
results from six independent experiments are shown here.
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Figure 10. A: Determination of serum BUN level in male and female
mice at the indicated time intervals after NaAs challenge. All values
represent means = SEM (n =15). *P<0.05; ***P<0.005, male versus
female mice. B: Histopathological observations of the kidneys from
male and female mice. Representative results from six individual
animals are shown here. The specimens were obtained from mice at 10
hours after NaAs challenge and were stained with H&E. In female mice,
massive tubular necrosis with cast formation and severe hemorrhages.
Original magnification,= 200.
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Figure 11. Effects of ovariectomy (A) and androgen receptor
antagonist, flutamide, (B) on NaAs-induced renal injury. *P<0.05,
ovariectomized versus sham operated mice.
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Figure 12. Western blotting analysis of the conversion of LC3-I to
LC3-II and B-actin in the kidney from male (m) and female (f) mice at
indicated time points after NaAs challenge. Representative results from
six independent experiments are shown here.
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Figure 13. Western blotting analysis of ERK phosphorylation in the
kidney from male (m) and female (f) mice at indicated time points after
NaAs challenge. Representative results from six independent
experiments are shown here.
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Figure 14. Western blotting analysis of Stat3 phosphorylation and
Socs3 expression in the kidney from male (m) and female (f) mice at
indicated time points after NaAs challenge. Representative results from
six independent experiments are shown here (A). Real time PCR
analysis for gene expression of Socs3 at indicated time points after
NaAs challenge. The ratio of Socs3 to B-actin was shown here. All
values represent mean += SEM (n =15). *P <0.05; **P < 0.01, male
versus female mice.

Z DT LE. estrogen/estrogen receptor®
signal 23Socs3DFEIHEE IR % /- L TStat3DiF
PE(LZ 80 L. ERKD U b 25095 2 &
C. autophagyZ L LGS & L CEEEDH
EEEIERIFTIEERETS,

#Z T, IL-6/Jak2/Stat3dD % % R#EHT 5
IL-6KO~ 7 R IZH 1T D LRIk DD
‘@?SQBUN%:?E‘TEJ: L CHiEr9 5 &, IL-6KO
717%( j:ﬁx "ﬁ# iwu&b 5)2"1«73?75‘071



(Fig. 154), & 5T, autophagyds X TOERKD Y
VIBUICH B R R & o7z (Fig. 15B),
LERN->T, MBI D2BEEEOMEEIT
1L-6/Jak/stat3 Lk estrogen/estrogen
receptor ®signal crosstalkiZ k- TH| &
CENDZERHABMNERST,

A B
:150 cont 3hrs
B2 mf m f
2 LCI o e
Es LC3-l —
an PERK o e
O T ERK WSS
ACHN o e e

Time after As challenge

Fig.15.A: Determination of serum BUN (A) level in male and female
IL-6 KO mice at the indicated time intervals after NaAs challenge. B:
Western blotting analysis of the conversion of LC3-I to LC3-II, p-ERK,
ERK, and B-actin in the kidney from male and female IL-6 KO mice at
3 hours after NaAs challenge. Representative results from six
independent experiments are shown here.
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