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Table 3 Multivariate Cox
proportional hazards analysis of
factors associated with all-cause
and cardiovascular death in

All-cause death Cardiovascular death

hemodialysis patients

‘Hazard 95% Cl P Hazard 95% CI P

ratio ratio
Age (/1 year) 1.11 1.08-1.15 <0.001 1.15 1.10-1.20 <0.001
Hemodialysis duration (/1 year) 0.92 0.87-098 001 094 0.87-1.02 0.14
Diabetes (diabetes vs. no 1.26 0.68-2.33 046 1.43 0.70-290 032

diabetes)

Systolic pressure (/1 mmHg) 1.01 0.99-1.03 046 1.02 0.98-1.06  0.33
Pulse pressure (/1 mmHg) 1.00 096-1.04 089 1.01 0.96-1.04 0.81
Lp (a) (/1 mg/dL) 1.00 0.99-1.01 079 1.01 1.00-1.06  0.29
ACAI (%) 1.02 0.99-1.04 0.17 1.03 1.00-1.06  0.03

Discussion

Mild renal dysfunction and urinary abnormalities have
recently been discovered as strong risk factors for CVD [6].
In HD patients, risk of CVD is 5- to 20-times higher than in
the general population, primarily due to early arterioscle-
rosis [7]. As mentioned previously, vascular calcification
has often been reported in HD patients, even at a young
age. As indices of vascular calcification in HD patients,
aortic arch or common iliac calcification on plain radio-
graphs [8, 9], ACI [3, 4], and EBCT [10] or MDCT [11]
have been applied to evaluate coronary artery calcification.

Each of these modalities offers various advantages and
disadvantages in terms of convenience, accuracy, and
safety. EBCT and MDCT are excellent for quantitative
evaluation of coronary artery calcification, but because of
the expensive equipment required, are not widely available
at many dialysis facilities. Evaluation based on radio-
graphic findings is the most convenient and inexpensive
method, and correlations with prognosis have been repor-
ted in several reports to date [12, 13]. However, the lack of
quantitative evaluation and difficulty of assessing changes
over time are still drawbacks.

Plain CT is available even in small and mid-size dialysis
centers and is necessary to screen for renal cell carcinoma
in HD patients. The advantage is that renal cancer
screening and measurement of abdominal aortic calcifica-
tion can be performed simultaneously. ACAI is a further
development of the ACI, which has conventionally been
used as an index of abdominal aortic calcification [3, 4].
ACALI provides a more accurate evaluation of calcification
in patients with thick calcification, and is also useful to
evaluate increases in calcification over time.

The results of our comparison between Group H and
Group L showed that systolic blood pressure, pulse pressure,
serum calcium concentration, non-HDL cholesterol, Lp
(a) concentration and RAS inhibitors, in addition to age,
were significantly higher in Group H than in Group L. In
2003, the “Guideline for bone metabolism and disease in
chronic kidney disease” by the United States Kidney Disease

Outcome Quality Initiative recommended a maximum cal-
cium intake of 1500 mg/day from calcium-containing
phosphate binders, widely used as phosphate-binding agents
[14]. The goal was prevention of hypercalcemia and excess
calcium intake, in light of reports stating that hypercalcemia
and excess calcium intake could cause vascular calcification,
and that hyperphosphatemia combined with hypercalcemia
further increased cardiovascular and mortality risk. Based on
these reports, the availability of non-calcium-containing
phosphate binders has continued to increase.

Serum levels of calcium, phosphorus and/or intact para-
thyroid hormone (PTH) levels have been reported to be
associated with high levels of CVD morbidity and mortality
in patients with end-stage renal disease [15-17]. In this
study, serum levels of calcium, phosphate and intact PTH
were not associated with cardiovascular mortality. We think
the reasons may be as follows. First, when this study was
performed, the only available phosphate binder was calcium
carbonate, because non-calcium-containing phosphate
binders were not available in Japan. Furthermore, the only
treatment for secondary hyperparathyroidism was vitamin D
agents. Therefore, serum levels of calcium might be high to
maintain serum phosphate levels (GroupH9.6 =+ 0.4, Group
L 9.3 £ 0.4 mg/dL). Furthermore, there were no differences
between the two groups with regard to serum levels of intact
PTH (Group H 186 =+ 83 vs. Group L 196 + 130 pg/mL;
P = 0.609). Second, the serum levels of phosphate in the
two groups were good control levels and there were no dif-
ferences between the two groups (Group H 5.2 + 0.8 vs.
Group L 5.3 + 0.9 mg/dL; P = 0.857).

This study evaluated prognostic indicators over a long-
term follow-up period of >10 years. The most frequent
cause of death was cardiovascular death, accounting for
60% of all mortality. Given the long-term evaluation of
>10 years, age was expected to be a factor with consid-
erable influence. However, on Kaplan—Meier analysis, a
high ACALI significantly increased the number of both all-
cause deaths and cardiovascular deaths. Univariate Cox
hazard analysis showed that age, HD duration, diabetes,
systolic blood pressure, pulse pressure, and ACAI were
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significant prognostic factors in all-cause death, and that
age, HD duration, diabetes, systolic blood pressure, pulse
pressure, Lp (a) concentration, and ACAI were significant
prognostic factors in cardiovascular death. Ultimately
multivariate Cox hazard analysis showed age and HD
duration as independent prognostic factors in all-cause
deaths. Diabetes, systolic blood pressure, pulse pressure,
Lp (a) and ACAI were not significant. But in cardiovas-
cular deaths, age and ACAI were prognostic factors. Qur
findings suggest that ACAI may be a very useful prognostic
indicator for cardiovascular mortality.

Medial calcification is not necessarily associated with
lumen stenosis, but because vessel stiffness increases,
vascular compliance is decreased [18]. Several mecha-
nisms may explain the association between aortic stiffness
and CVD [19]. The arterial stiffness leads to early wave
pressure, a decrease of diastolic blood pressure, and a
consequent increase of pulse pressure [20]. This increases
systolic blood pressure and afterload on the heart, causes
left ventricular hypertrophy, and increases myocardial-
oxygen demand [21]. In addition, because myocardial
blood supply depends largely on pressure throughout
diastole and the duration of diastole, the decrease of dia-
stolic blood pressure can compromise coronary perfusion
[22]. ACALI as a prognostic factor in cardiovascular death,
as demonstrated by our study, may be related to these
underlying mechanisms.

We previously published the ACAI method [4]. The
ACALI provides a more accurate evaluation of calcification
than ACI. However, our study evaluated the relationship
between the ACAI measured at one time and future prog-
nosis. In the future, factors leading to serial increases in
ACAI, and the influence of these serial increases on
prognosis, should be investigated.

Conclusion

Our evaluation of prognosis in 137 HD patients over a
period of >10 years found that the most common cause of
mortality was cardiovascular death. In HD patients, ACAI,
as measured by abdominal plain CT, was useful as a sig-
nificant predictive parameter of cardiovascular mortality.
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ABSTRACT

It is not clear whether interstitial fibroblasts or tubular epithelial cells are primarily
responsible for the profibrotic effects of NF-«B activation during renal fibrogen-
esis. Here, we crossed mice carrying a conditional kB dominant-negative trans-
gene (IkBdN) with mice transgenic for cell-specific FSP1.Cre (FSP1™ fibroblasts) or
v¥GT.Cre (proximal tubular epithelia) and challenged all progeny with unilateral
ureteral obstruction. We determined NF-«B activation by nuclear localization of phos-
phorylated p65 (Pp65) in renal tissues after 7 days. We observed inhibition of NF-«<B
activation in interstitial cells and tubular epithelia in obstructed kidneys of FSP1.Cre;lkBdN
and yGT.Cre;IkBdN mice, respectively, compared with IkBdN controls (P < 0.05). Depo-
sition of extracellular matrix, however, was significantly lower in the obstructed
kidneys of FSP1.Cre;IxBdN mice but not in yGT.Cre;IkBdN mice (P < 0.05). In
addition, levels of mRNA encoding the profibrotic PAI-1, fibronectin-ElllA, and
type | (al) procollagen were significantly lower in obstructed kidneys of
FSP1.Cre;IxBdN mice compared with yGT.Cre;IkBdN mice (P < 0.05). Taken
together, these data support a profibrotic role for fibroblasts, but not proximal
tubular epithelial cells, in modulating NF-«xB activation during renal
fibrogenesis.

J Am Soc Nephrol 21: 2047-2052, 2010. doi: 10.1681/ASN.2010010003

NEF-kB regulates a number of down-
stream genes involved in a variety of cel-
lular functions leading to tissue remod-
eling.! Activation of NF-«B plays a role in
various chronic kidney diseases associated
with inflammation and fibrosis,? and inhi-
bition of NF-«B signaling effectively atten-
uates renal injury in experimental animals
with unilateral ureteral obstruction
(UUO),? hypertension,* subtotal nephrec-
tomy,’ protein-overload,® adriamycin ne-
phropathy,” angiotensin II infusion,® or
FK506 nephropathy.® In these previous
studies, agents such as pyrrolidine dithio-
carbamate, hepatocyte growth factor, par-
thenolide, or renin-angiotensin system in-
hibitors were used to inhibit renal NF-«B

J Am Soc Nephrol 21: 2047-2052, 2010

activation. The specificity of these agents
as inhibitors of NF-«B, however, is ques-
tionable, ! and the cells principally pro-
viding NF-kB activation in vivo are un-
known. Systemic administration of
inhibitors that disrupt NF-«B activation
also impair host immune responses.!!
Clearly, targeted renal cell-specific inhi-
bition of NF-«B would offer a more in-
formative probe.

Renal fibrosis is the hallmark of
chronic kidney disease,'2 and UUO in
mice is a standard model of short-term
renal fibrogenesis.'? Over a 3-week inter-
val, UUO initiates a rapid decline of renal
blood flow and glomerular filtration,
which is followed by hydronephrosis,
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early interstitial infiltrates, and fibrosis.'?
In this model there is a close association
between increasing numbers of fibro-
blasts and tubular epithelial cell loss,!?
which is the principal interest of this
study.

When a truncated form of the IxBa
gene (IxB dominant-negative [IkBdN]),
which lacks 54 N-terminal amino acids
including the phosphorylation sites es-
sential for NF-kB activation, is trans-
fected into tubular epithelial cells by ad-
enovirus vector, renal tubulointerstitial
injury from protein overload attenuates
inrats.'® To determine which renal cells
contribute functionally important
NF-«B activity during renal fibrogen-
esis after UUO, we generated trans-
genic mice bearing the IkBdN gene sep-
arated from a universal CAG promoter
by a floxed STOP sequence (Figure 1A)
and bred these IkBdN mice with other
transgenic mice carrying the gene en-
coding Cre recombinase under the
control of cell type-specific promoters.

We previously described a gene en-
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Figure 1. The IkBdN gene product blocks activation of the NF-«kB pathway in ob-
structed kidneys. (A) A map of the IkBdN transgene. (B) The [kBdN gene transcripts
were amplified from the total RNA extracts from the kidneys of FSP1.Cre;IkBdN and
v¥GT.Cre;IkBdN mice but not from those of IkBdN mice. (C) In the untreated kidneys of
IkBdN mice, pb5 Ser-276 phosphorylation (Pp65 in red) was not found. Numerous
nuclei of tubular epithelial cells and fibroblasts were positive for Ppé5 in the obstructed
kidneys of IkBdN mice. The number of Pp65 * nuclei was lower, especially in the
tubular epithelial cells, in the obstructed kidneys of yGT.Cre;IkBdN mice than those of
IkBdN mice. In the obstructed kidney of FSP1.Cre;IxkBdN mice, induction of Pp65 was
significantly suppressed compared with that of IkBdN mice (objective lens, X40; bar,
100 um). (D) Quantification of the number of Ppé5™* nuclei in the obstructed kidneys by
the point-counting method described under Concise Methods. (E) Compared with the
untreated kidney, significant ECM deposition was observed in the renal interstitium of
IkBdN mice with UUO. Significant ECM deposition was also observed in the obstructed
kidney of yGT.Cre;IxBdN mice. ECM deposition was significantly decreased in the
obstructed kidney of FSP1.Cre;IxBdN mice compared with that of IkBdN mice (Mas-
son’s trichrome stain; objective lens, X10). (F) ECM deposition in the kidneys was
quantitatively measured. The data shown in D and F were obtained from six indepen-
dent mice. T, tubules; G, glomerulus; untx, untreated; obst, obstructed; NC, negative
control; TEC, tubular epithelial cells; IntC, interstitial cells; MW, molecular weight.

fibroblasts.2* The FSP1 promoter con-
tains a proximal cis-acting enhancer ele-
ment, FTS-1, which broadly functions to
engage the larger fibrosis-related tran-
scriptome.?® FSP1.Cre mice have been
successfully used to create null alleles in

coding fibroblast-specific protein 1
(FSP1),*4 also known as SI00A4, that is
present in fibroblasts producing type I col-
lagen,!s-16 in bone marrow fibrocytes,!”
and in tubular epithelial cells'#'8-2! or en-
dothelial cells?22 undergoing transition to
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fibroblasts for TGFp type II receptors,?>
EP4 receptors,?¢ and Pten.?” In our pre-
liminary experiments, crossing trans-
genic mice expressing Cre recombinase
under the control of the FSP1 promoter
(FSP1.Cre mice)?5 with mice in which an
EGFP reporter gene is separated from the
universal CAG promoter by a floxed
STOP sequence (EGFP mice)?® produced
conditional progeny whose FSPI pro-
moter is active in fibroblasts that costain
for enhanced green fluorescent protein
(EGFP) and heat shock protein 47, the
collagen type I chaperone protein?®
(Supplemental Figure S1, A and B). The
number of EGFP™ interstitial cells by
point counting is significantly increased
in obstructed kidneys compared with
untreated kidneys from FSP1.Cre;EGFP
mice (9.2 = 8.3 and 0.4 = 0.1 cells/high
power field; P < 0.05).

We also reported previously that the
promoter for y-glutamyltranspeptidase
(yGT) driving Cre recombinase only ex-
presses in the cortical tubular epithelium
in the kidney of yGT.Cre mice,'” con-
firmed by others.?® As expected, yGT
promoter-driven EGFP™ cortical tubu-
lar cells were found in the kidneys of
vGT.Cre;EGFP mice (Supplemental Fig-
ure S1A). In those mice stressed by
UUO, in confirmation of the previous
findings,'7-2! not only cortical tubular ep-
ithelium but also solitary cells in the inter-
stitium were positive for EGFP (Supple-
mental Figure S1A), some of which were
also positive for heat shock protein 47
(Supplemental Figure S1B), and some of
these latter cells are likely derived by epi-
thelial-mesenchymal transition after ure-
teral obstruction.

We next crossed yGT.Cre or FSP1.Cre
mice with IkBdN mice to generate prog-
eny in which inhibition of NF-«B activa-
tion by IkBdN is predicted in cortical tubu-
lar epithelial cells or fibroblasts, respectively.
This prediction was confirmed by the follow-
ingresults. Asshown in Figure 1B, the 712-bp
fragment within the IkBdN gene transcript'®
could be amplified from untreated and ob-
structed kidneys of FSP1.CrelkBdN and
yGT.Cre;IkBdN mice but not from IkBIN
controls. These findings suggest that re-
combination by each cell-specific pro-
moter floxed the IkBdN gene driven by

J Am Soc Nephrol 21: 2047-2052, 2010



the CAG promoter. The numbers of nu-
clei positive for phosphorylated p65 Ser-
276 (Pp65; activated NF-kB)! within
cortical tubular epithelial cells and fi-
broblasts in the obstructed kidneys of
vyGT.Cre;IkBdN and FSPI.Cre;IkBdN
mice, respectively, were significantly
(P < 0.05) lower than those of IxBdN
control mice (Figure 1, C and D). The
finding that NF-«B activation was at-
tenuated also in tubular epithelial cells
from FSPI1.Cre;IkBdN mice (Figure 1,
C and D) suggests that some interme-
diate epithelia are undergoing epitheli-
al-mesenchymal transition, activating
IkBdN by early expression of FSP1,'7,
or perhaps FSP1™" fibroblasts transacti-
vate the NF-kB pathway in tubular ep-
ithelial cells by paracrine effects in the
obstructed kidney.

It is also of particular interest that
deposition of interstitial extracellular
matrix (ECM) is significantly (P < 0.05)
decreased in the FSPI1.Cre;IkBdN kid-
neys after UUO but not in the yGT.Cre;
IkBdN kidneys compared with IkBdN
controls (Figure 1, E and F). This is be-
cause the NF-«B pathway in FSP17 fi-
broblasts derived from sources other
than cortical tubular epithelium that
constitute 64% of whole fibroblasts!”
would still be active in the obstructed
kidneys of yGT.Cre;IkBdN mice but not
in those of FSP1.Cre;IkBdN mice, sug-
gesting that the results are consistent
with an important role for NF-«B activ-
ity in FSP1" fibroblasts. Additionally,
the numbers of F4/80™ macrophages and
FSP1" fibroblasts in the renal intersti-
tium of the FSPI1.Cre;IkBdN mice after
UUO are significantly lower (P < 0.05)
than those in the yGT.Cre;IxBdN and
IkBdN mice (Figure 2, A through C). All
of these findings suggested that NF-«B
activation in FSP1% fibroblasts plays a
pivotal role in expanding renal fibrogen-
esis.

Although expression of chemoattrac-
tant genes such as fractalkine (FRK) and
osteopontin (OPN) are expectedly de-
creased in obstructed kidneys from yGT.
Cre;IkBAN mice, expression of profi-
brotic transcripts such as plasminogen
activator-1 (PAI-1), fibronectin EIIIA
(FN-EIITA), and type I (a1) procollagen

J Am Soc Nephrol 21: 2047-2052, 2010
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Figure 2. Infiltration of monocytes/fibroblasts and levels of fibrosis-related mRNAs are
decreased in the obstructed kidneys of FSP1.Cre;IkBdN mice. (A and B) Immunostain-
ing for F4/80* monocytes (in red) (A) and FSP1* fibroblasts (in green) (B) in the
obstructed kidneys (objective lens, X40; bar, 100 pum). (C) Quantitative analysis re-
vealed that both the F4/80* and FSP1™ areas were significantly narrowed in the
obstructed kidney of FSP1Cre.lkBdN mice, compared with those of IkBdN and
yGT.Cre;IkBdN mice. (D) The mRNA levels of representative inflammatory-related
gene, MCP-1, and fibrosis-related gene TGF-B1 were significantly increased in the
obstructed kidneys of IkBdN, yGT.Cre;IxkBdN, and FSP1.Cre;lkBdN mice. Other in-
flammatory-related mRNAs such as FRK and OPN were significantly increased in the
obstructed kidneys of IkBdN mice, which were suppressed in the yGT.Cre;IkBdN mice
but not in the FSP1.Cre;IkBdN mice. In contrast, other fibrosis-related mRNAs such as
PAI-1, FN-EllIA, and COLI were significantly increased in the obstructed kidneys of
IkBdN and yGT.Cre;lkBdN mice, whereas increases in those genes were suppressed in
the obstructed kidneys of FSP1.Cre;ixBdN mice. In the case of the CCN2 gene, its
mRNA level was increased in the obstructed kidneys of IkBdN mice, whereas such
increases were suppressed in those of yGT.Cre;IkBdN and FSP1.Cre;lkBdN mice. The data
shown in C and D were obtained from six inde:pendent mice. NC, negative control.

(COLI) are increased to the same degrees
as those in IkBdN controls (Figure 2D).
In contrast, in the obstructed kidneys of
FSP1.Cre.IkBdN mice, expression of all
of these profibrotic transcripts was sig-
nificantly decreased (P < 0.05), whereas
expression of chemoattractant genes
was unchanged compared with those of
IkBdN mice (Figure 2D). The reason
that F4/80" monocyte infiltration is
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lower in the obstructed kidney of
FSP1.Cre;IkBdN mice in spite of a
slight increase in transcripts encoding
FRK and OPN is unclear. Because F4/
80" macrophages do not express
FSP1,3! FSPI promoter-driven expres-
sion of IkBdN is unlikely in these cells
(Figure S1B). An explanation may be
that PAI-1 recruits inflammatory cells
into the obstructed kidney,'2 or other

IxBdN Attenuates Renal Fibrosis 2049
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pivotal chemoattractant signals'®32 not
tested in this study were suppressed in
FSP1.Cre;IkBdN mice. '

Additionally, it is of interest that the
expression of transcripts encoding TGF-
B1, amaster gene of organ fibrogenesis, 2
is similar in the obstructed kidneys of
IkBdN, yGT.Cre;lkBdN, and FSPI1.Cre;
IkBdN mice despite less fibrogenesis in
the obstructed kidneys of FSPI.Cre;
IkBdN mice (Figure 1, E and F, and Fig-
ure 2D). This suggests that FSP1* fibro-
blasts are effector cells of TGE- 81 activity
in the obstructed kidneys, and the profi-
brotic actions of TGF-S1 are mediated,
at least partially, through the NF-kB
pathway in those cells.

We also found consistency in a parallel
experiment where treatment with TGF-£1
significantly increased the mRNA levels
encoding PAI-1 and FN-EIIIA in cultured
renal fibroblasts, which are suppressed by
pretreatment with an Ik kinase inhibitor
(Supplemental Figure S2). Although de-
tailed mechanistic links between TGF-£1
signaling to NF-«B activation in renal fi-
broblasts remain unknown at present, in
chondrosarcoma cells, TGF-B1 activates
the NF-kB pathway through phosphati-
dylinositol 3-kinase and Akt.3* TGF-£1
also synergistically induces NF-«B with
TNF-a through protein kinase A-depen-
dent p65 acetylation in human lung epi-
thelial cells.>* The NF-«B pathway likely
plays a profibrotic role not only in renal but
also in lung, skin, and intestinal fibro-
blasts.35-37

The fibroblasts involved in renal fi-
brogenesis in obstructed kidneys likely
originate from several sources including
interstitial resident fibroblasts,'”-3¢ bone
marrow-derived fibrocytes,>>!7 tubular
epithelia,'” and endothelial cells.?? FSP1
promoter-dependent recombination is
likely active in all of these sources of fi-
broblasts. Taking the data from yGT.Cre;
IkBdN and FSP1.Cre;IkBdN mice to-
gether suggests that FSP1™ fibroblasts
derive from multiple sources and play a
profibrotic role in NF-kB-mediated fi-
brosis in the kidneys. Consistent with
this study, we also reported previously
that suicide deletion of FSP1™ fibroblasts
with a nucleoside analog attenuates renal
fibrosis after ureter obstruction.’® We
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suggest that a FSP1 promoter-driven ap-
proach will target cells critical for fibro-
sis-specific therapeutics, and further
studies will refine its application to clin-
ical nephrology.

CONCISE METHODS

Transgenic Mice
Three sets of transgenic mice were used, and

another was constructed for this study. The
ESP1.Cre and yGT.Cre mice express Cre re-
combinase under the control of FSPI pro-
moter mainly in fibroblasts?® and that of yGT
promoter mainly in tubular epithelia,!” re-
spectively. The EGFP reporter mice were a
generous gift from Prof. J. Miyazaki (Osaka
University).28 In the IxBdN mice, the IkBdN
gene encoding a nondegraded IxBa thatlacks
54 amino acids of the NH, terminus of wild-
type human IkBa was removed from
pBKCMV-1kBdN (a generous gift from Prof.
A. Takayanagi, Keio University School of
Medicine) by digestion with HindIII, and the
overhang ends were blunted with Klenow
fragment. The blunted IxBdN transgene was
then ligated to the Smal site of the pCALNLS5
plasmid (a generous gift from Prof. L. Saito,
University of Tokyo),® which was separated
from the universal CAG promoter by a floxed
STOP (neo + pA) sequence (Figure 1A). The
construct selected for proper orientation was
then linearized using Sall and HindIII, and
the purified DNA was injected into B6xSJL
zygotes. The resulting progeny were crossed
to C57B6 mice and selected by Southern blot
and PCR. All of these mice were backcrossed
to SJL mice more than six times before exper-
imentation. The Institutional Animal Care
and Use Committee at the Saitama Medical
University and Keio University School of
Medicine approved the transgenic protocols.

DNA was extracted from tail biopsies
from FSP1.Cre, yGT.Cre, EGFP, IkBdN,
FSP1.Cre;IkBdN, yGT.Cre;EGFP, and yGT.
Cre;IkBdN mice, and genotyping PCR was
performed with an Extract-N-Amp Tissue
PCR Kit (XNAT?2; Sigma, St. Louis, MO) ac-
cording to the manufacturer’s instructions.
The following PCR primers and annealing tem-
peratures were used: yGT.Cre and FSP1.Cre: 5'-
AGGTGTAGAGAAGGCACTTAGC and 3'-
CTAATCGCCATCTTCCCAGCAGG, 63°C;
EGFP: 5'-AGCAAAGGGCGAGGAGCTGTT
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and 3'-GTAGGTCAGGGTGGTCACGA,
55°C; and IkBdN: 5'-GAGGATCGTTTCG-
CATGATT and 3'-TATTCGGCAAGCAG-
GCATCG, 58°C. Cycle programs were per-
formed in a thermocycler (Icycler; Bio-Rad
Japan, Tokyo, Japan). All of the primer reac-
tions were started for 4 minutes at 95°C, fol-
lowed by 35 cycles of 1 minute at 95°C, 1
minute at the primer’s appropriate annealing
temperature, and 1 minute at 72°C, finishing
with 5 minutes at 72°C. The products were
analyzed by electrophoresis in 1% agarose us-
ing TAE buffer.

In Vivo Experiments

Six male, 5- to 6-week-old mice from
each transgenic line, yGT.Cre;IxBdN,
FSPI1.Cre;IkBdN, and IkBdN, were used
to generate fibrosis in the UUO model.
Manipulation for ureter ligation was re-
ported in detail previously.!” The mice
were sacrificed 7 days after ureteral liga-
tion, and obstructed kidney tissues were
sampled for RNA extraction and parafor-
maldehyde fixation for paraffin blocks.
IkBAN mice with ureteral ligation and
sham manipulation (n = 6) were used as
positive and the negative controls, respec-
tively.

Microscopic Immunohistochemistry
Sections (4 um) cut from paraffin-embedded

kidneys were processed for Masson’s trichrome
staining. Interstitial fibrosis was quantitatively
determined with Mac SCOPE software (ver-
sion 2.5; Mitani Corp., Fukui, Japan) in 10
high-power (X200) cortical fields, and the in-
terstitial fibrosis indices were expressed as the
mean percentage area in blue per one cortical
field in Masson’s trichrome-stained sec-
tions.*! For immunohistochemistry, the anti-
bodies against EGFP (ab13970; Abcam, Cam-
bridge, UK), Pp65 (3037; Cell Signaling
Technology, Boston, MA), mouse monocytes
(F4/80; AbD Serotec, Oxford, UK), and fibro-
blasts (FSP1)'4 were diluted (1:400) into 1%
BSA in PBS as the blocking buffer and then
applied on the sections for 8 hours. Except for
EGFP, the signals were amplified using
TSA™ kit (Molecular Probe/Invitrogen,
Carlsbad, CA) and labeled by Alexa Fluor 555
(Molecular Probe). Alexa Fluor 488-labeled
secondary antibody was used after anti-EGFP
antibody according to a conventional indirect
method. Negative control sections were
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treated as described above, but the primary
antibody was omitted. YO-PRO-1 (Molecu-
lar Probe) or TO-PRO-3 (Molecular Probe)
was used to detect the nuclei. A confocal laser
scanning microscopy (FV1000; Olympus,
Tokyo, Japan) was used for data acquisition.
The number of Pp65™ nuclei were counted in
10 microscopic fields using a 40X objective
lens, and its indices were expressed as the
mean number per one field. The numbers of
stained cells for anti-F4/80 and anti-FSP1
were quantitatively assessed as described
above.

Reverse Transcriptase (RT)-PCR
Total RNA was extracted from the homoge-

nates of kidney tissues with TRIzol™ (Life
Technologies BRL, Grand Island, NY) ac-
cording to the manufacturer’s instructions.
All of the RNA samples were pretreated with
the RNase-free DNase I (Qiagen, Basel, Swit-
zerland). ¢cDNA was synthesized with a kit
(Ready-To-Go T-Primed First-Strand Kit;
GE Healthcare, Buckinghamshire, UK). The
cDNA was amplified by PCR with the use of
primers for IkBdN (forward, 5-CTCCAG-
CAGACTCCACTCCACT-3', and reverse, 5'-
ACACCAGCCACCACCTTCTGAT-3'), vyield-
ing a 712-bp fragment. Cycle programs were
started with 4 minutes at 95°C, followed by 35
cycles of 1 minute at 95°C, 1.5 minutes at
60°C, and 1.5 minutes at 72°C, finishing with
5 minutes at 72°C.

Real-Time Quantitative RT-PCR
(qPCR)

We performed qPCR as described previously.*!
Inbrief, a real-time quantitative one-step RT-
PCR assay was performed to quantify mRNA
levels using QuantiTect SYBR Green RT-PCR
(Qiagen) and an Mx3000P QPCR system
(Stratagene, La Jolla, CA). The primers used
for gPCR were as follows: MCP-1 primer: for-
ward, 5'-CTCTCTTCCTCCACCACCAT-
3’, and reverse, 5'-ACTGCATCTGGCT-
GAGCCA-3'; FRK primer: forward, 5'-
CGCGTTCTTCCATTTGTGTA-3', and
reverse, 5'-CATGATTTCGCATTTCGTCA-
3'; OPN primer: forward, 5'-CCCTTTCCGT-
TGTTGTCCTG-3', and reverse, 5'-CCC-
TCGATGTCATCCCTGTT-3'; TGF-B1
primer: forward, 5'-CAGTGGCTGAACCAAG-
GAGAC-3’, and reverse, 5'-ATCCCGTT-
GATTTCCACGTG-3'; CCN2 primer: for-
ward, 5'-GTGGAATATTGCCGGTGCA-3',
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and reverse, 5'-CCATTGAAGCATCTTGGT-
TCG-3"; PAI-1 primer: forward, 5'-AGGATC-
GAGGTAAACGAGAGC-3', and reverse, 5'-
GCGGGCTGAGATGACAAA-3'; FN-EIIIA
primer: forward, 5'-ATCCGGGAGCTTTTC-
CCTG-3', and reverse, 5'-TGCAAGGCAAC-
CACACTGAC-3"; COLI primer: forward 5'-
TGTAAACTCCCTCCACCCCA-3’,  and
reverse, 5'-TCGTCTGTTTCCAGGGTTGG-
3'; and glyceraldehyde-3-phosphate dehydro-
genase primer: forward, 5'-TGCAGTG-
GCAAAGTGGAGATT-3', and reverse, 5'-
TTGAATTTGCCGTGAGTGGA-3’. All of
these oligodeoxynucleotides were designed by
using Primer Express software (Perkin Elmer,
Foster City, CA). Preliminary RT-PCR experi-
ments in which these primer sets were used
yielded appropriately sized, single products.

Statistical Analysis
The values are presented as the means =

SEM. The statistical differences between
groups were evaluated by ANOVA, followed
by a Bonferroni/Dunnett’s test; significant P
values were =0.05.
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