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eGFR of rapid decliner group
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Figure 6. Comparison of the slopes of the regression lines of

the eGFR values in the rapid decliner group before and after
treatment.

Before: Y=-1.296*X+68.79, After: Y=0.08786%X+64.71,
p=0.1105
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Figure 8. Comparison of the slopes of the regression lines of

the UACR values before and after treatment.
Before: Y=3.992+X+71.93, After: Y=-6.335*X+91.68, p=0.037

values improved following treatment with alogliptin in four
patients and were exacerbated following treatment in four
patients. Among the subjects who were not early decliners,
the ratio of patients exhibiting improvement to those demon-
strating exacerbation was 10:18. Fisher’s exact test showed a
p value of 0.6832. No significant differences were observed
in the rate of decrease in the eGFR between the early de-
cliners and the other subjects (p=0.8267).

A Pearson product-moment correlation analysis performed
to examine the correlations between the rate of change in
eGFR and each parameter revealed a significant correlation
with systolic blood pressure (Y=-0.3683*X+40.71, r=
-0.3761, p=0.0238), indicating a higher rate of decrease in
eGFR in the subjects with higher systolic blood pressure at
the start of treatment with alogliptin. No significant correla-
tions were observed with the other parameters (Fig. 7).

No associations were observed between the presence or
absence of the administration of ARBs and the presence or
absence of an improvement in the eGFR according to
Fisher’s exact test (p=1.0000).

The mean UACR decreased to 61.6+£57.1 mg/gCr six
months after the start of treatment, although the change was
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Figure 7. Correlation between the rate of change in eGFR
and the baseline systolic blood pressure.

Y=-0.3683*X+40.71, r=-0.3761, p=0.0238

AeGFR: rate of change in eGFR (%), SBP: systolic blood pres-
sure

not significant (p=0.9869) (Table 1). However, the slope of
the regression line (3.992 before treatment with alogliptin)
became negative at -6.335 after the start of treatment, show-
ing a tendency to decrease. The difference in the slopes of
the regression lines before treatment and after the start of
treatment was significant (p=0.037) (Fig. 8).

Adverse events

A slight increase in the transaminase level was recorded
in a single patient after the start of treatment with alogliptin;
however, the event was not considered to be clinically sig-
nificant, and the alogliptin treatment was continued.

Discussion

In the present study, we examined the effects of alogliptin
in maintaining the renal function in type 2 diabetes patients
with accompanying CKD.

Almost no changes in the HbAlc levels were observed
following treatment with alogliptin. Possible reasons for the
absence of significant changes include: 1) the HblAc levels
were controlled to a certain extent by existing therapeutic
agents in many subjects; and 2) some subjects experienced
extreme exacerbation after the start of the treatment with
alogliptin. However, the 1,5-AG values showed a tendency
toward improvement. Although data cannot be presented be-
cause the blood glucose profiles were not examined in de-
tail, the changes in the 1,5-AG values suggest the possibility
that alogliptin improved postprandial hyperglycemia. It is
not uncommon that alpha-glucosidase inhibitors (0.-GIs) spe-
cialized in treating postprandial hyperglycemia improved the
1,5-AG values to approximately 20 pg/mL without changing
the HbAlc levels to be within the normal range (28). Based
on the results of the present study, we speculate that DPP-4
inhibitors also improve blood glucose variability as drugs
suppressing postprandial hyperglycemia. It is particularly
noteworthy that a similar effect was observed in the subjects
with CKD. Nevertheless, no definitive conclusions can be
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drawn because patients with various types ol nephropathy
were enrolled in this study, which restricts the evaluation of
the 1,5-AG values.

When we compared the clinical background characteris-
tics between the improved group and the exacerbation group
(defined based on HbAlc), a difference was noted in the TC
levels. Therefore, the possibility that patients with higher TC
levels are resistant to DPP-4 inhibitors cannot be excluded.
There were no differences in the changes in eGFR or UACR
between the improved group and the exacerbation group.
This result does not support the hypothesis that the renal
protective effects of alogliptin observed in this study de-
pended on the blood glucose levels.

The eGFR was found to be a significant parameter corre-
lated with the HbAlc level after the start of treatment with
alogliptin. This result suggests that patients with a lower re-
nal function have lower HbAlc levels, a finding that is com-
monly accepted in the daily treatment of diabetic patients
based on the drug metabolism in the kidneys.

Regarding the eGFR, the slope of the regression line was
approximately O throughout the entire study period, indicat-
ing that the eGFR values were stable throughout the 13
months. As many subjects were eventually treated at a dose
of 25 mg, it can be speculated that alogliptin is not likely to
adversely affect the renal function. In addition, similar re-
sults were observed in the subjects with stage 3 or worse
CKD in this study, which strongly supports the safety of
alogliptin. The disposition of alogliptin has been examined
for different levels of the renal function, and the relationship
between the level of the renal function and the dose of alo-
gliptin has been clarified. The absence of accumulation has
also been shown in simulation experiments, although these
studies were based on single-dose administration (15, 29).
Moreover, in addition to its hypoglycemic effects, the multi-
faceted extrapancreatic actions, including the improvement
of lipid profiles or hypotensive actions mediated by the inhi-
bition of reabsorption of sodium in the kidneys, of alogliptin
have been reported, although in a small number of pa-
tients (24, 30, 31). While it is unknown if these actions re-
sult in renal protection, no significant changes were ob-
served in the lipid profiles or blood pressure, and neither
blood pressure nor the lipid levels were correlated with the
rate of change in eGFR in this study.

The natural history of diabetic nephropathy is generally
long. However, it is widely known that many patients
clearly exhibit more rapid progression of the disease (1, 32).
Although the rapidly progressive type has not been clearly
defined and its causes are unknown, patients whose GFR
decreases by 3-5 mL/min/1.73 mm’ or more per year are
generally considered to have the condition. In our study, we
defined subjects whose GFR decreased by 5 mlL/min/1.73
mm’ or more per year as belonging to the rapid decliner
group for the analysis. The results showed that the GFR,
which continued to decrease before treatment with alo-
gliptin, stopped declining after the start of treatment and
showed a tendency, although slight, to increase during the

six months of treatment. Comparing the clinical background
factors of the subjects in the rapid decliner group with those
of the remaining patients, only diastolic blood pressure was
found to show a significant difference. Diastolic blood pres-
sure was significantly lower in the rapid decliner group;
however, this cannot be considered a sufficient factor to ex-
plain the improvement in the speed of decrease in
eGFR (33). Moreover, the presence or absence of treatment
with ARBs was not related to changes in eGFR. Based on
these results, it is possible that alogliptin itself contributed
to the improvement of eGFR in the rapid decliner group.

In addition, the analysis of early decliners suggested that
the effects of alogliptin are not influenced by the baseline
eGFR or the presence or absence of proteinuria.

The correlation between the rate of decrease in eGFR and
the baseline systolic blood pressure indicates that patients
with higher blood pressure experience more severe exacer-
bation of the renal function, as supported by various studies.
Our results thus confirmed the importance of lowering blood
pressure for maintaining the renal function. In many of the
36 subjects examined in this study, the blood pressure was
controlled to less than 125 mmHg, according to the Japa-
nese guidelines for CKD. However, we speculate that blood
pressure was poorly controlled in some subjects and that the
renal function of these subjects tended to deteriorate.

The UACR values continued to increase before treatment
with alogliptin, then started to decline after the start of treat-
ment. Considering the renal protective effects of alogliptin,
this result provides significant confirmation of the mainte-
nance of the eGFR values in all subjects. Although other
DPP-4 inhibitors have been reported to decrease the UACR,
to the best of our knowledge, this is the first report of a re-
duction in UACR due to alogliptin treatment (19, 34, 35).

Many factors of the mechanisms underlying the renal pro-
tective effects of DPP-4 inhibitors (including alogliptin) re-
main unknown. Possible mechanisms include the resolution
of glucose toxicity accompanied by an improvement in
blood glucose variability (28). Improving the blood glucose
level is well known to have a secondary effect of inhibiting
the progression of complications (4, 6). Although there are
no clear data concerning blood pressure, improvements in
the balance of body fluid volume due to the promotion of
sodium excretion by alogliptin may also contribute to renal
protection (17, 30, 36). According to in vitro data, the
glucagon-like peptide-1 (GLP-1) receptor is expressed in the
kidneys; therefore, the kidney is the organ with the highest
DPP-4 activity (37). For these reasons, the kidneys are
likely to be a major target of the extrapancreatic effects of
incretins. There are reports suggesting that, when activated
by DPP-4 inhibitors, the level of GLP-1 is increased locally
in the kidneys, producing anti-inflammatory effects and pro-
moting antioxidative actions (16-21, 23, 38-41).

There are only a small number of reports on the direct re-
nal protective effects of DPP-4 inhibitors, including alo-
gliptin, in patients with diabetic nephropathy. Extensive re-
search on these effects should be conducted, including ani-
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mal and clinical studies.

In this study, we administered alogliptin in 36 patients
with type 2 diabetes accompanying CKD who were receiv-
ing treatment with existing diabetes drugs and diet therapy.
Neither the blood glucose levels nor renal function were ex-
acerbated before or after the start of treatment. The results
of this study suggest that alogliptin can be administered
safely in CKD patients. Furthermore, we cannot deny the
possibility that alogliptin may delay the progression of dia-
betic nephropathy, independent of the levels of blood glu-
cose, blood pressure and lipids. However, although we ex-
pected alogliptin to exhibit renal protective effects, we were
unable to detect statistically significant differences. One rea-
sons for this finding is that there are few registered cases.
Additional reports on the renal protective effects of alo-
gliptin are needed.

The authors state that they have no Conflict of Interest (COI).
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Clinical Benefit of the Change of Dialysate Calcium
Concentration From 3.0 to 2.75 mEq/L
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Abstract: Because active vitamin D preparations and cal-
cimimetics have been widely used to treat secondary hyper-
parathyroidism, maintenance of acceptable serum calcium
and phosphate levels is important. A 2.75 mEq/L dialysate
calcium product, which may bring the calcium balance
closer to 0, has recently been launched, and we had an
opportunity to examine its possible benefits. We performed
a 6-month retrospective review after switching from
3.0 mEq/L to 2.75 mEq/L calcium dialysate in 85 outpa-
tients undergoing chronic hemodialysis. We evaluated
blood biochemical parameters, including predialysis and
postdialysis serum calcium and phosphate levels, predialy-
sis intact parathyroid hormone (iPTH) levels; dialysis
dose (Kt/V); and doses of concomitant active vitamin D
preparations, calcimimetics, phosphate binder, and
erythropoiesis-stimulating agents. Postdialysis calcium
levels were significantly lower and predialysis corrected

calcium levels significantly decreased. The change in
calcium levels before and after dialysis was smaller after
switching of the dialysate than before. iPTH levels signifi-
cantly increased 1 month after switching of the dialysate.
No remarkable changes were observed in phosphate levels
or Kt/V. The dose of alfacalcidol, one of the concomitant
drugs, somewhat increased, and no remarkable changes in
dosage were observed for other concomitant drugs. These
results were favorable in terms of calcium balance.
However, there may be limitations in interpreting the
results, but the resultant calcium levels suggest that switch-
ing to 2.75 mEq/L calcium dialysate may improve the
control of calcium levels. In addition, it is hoped that the
treatment choice of secondary hyperparathyroidism is
extended. Key Words: Active vitamin D, Calcium con-
centration, Dialysate, Intact parathyroid hormone, Second-
ary hyperparathyroidism.

Because active vitamin D preparations and
calcimimetics have been widely used to treat second-
ary hyperparathyroidism, the importance of main-
taining acceptable serum phosphate and calcium
levels has been widely recognized (1). In 1993,
2.5 mEq/L calcium dialysate was made available.
However, poorly corrected acidosis and unacceptably
lowered serum calcium level, conditions that were
attributable to bicarbonate acid and/or chloride con-
centrations in the dialysate, were later reported. In
2006, “Guidelines for the management of secondary
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hyperparathyroidism in chronic dialysis patients”
was published by the Japanese Society for Dialysis
Therapy (2). The guidelines recommended that
calcium concentration in bicarbonate dialysate
should be determined, taking calcium load and its
possible physiologic effect into consideration. The
guideline issued by Kidney Disease: Improving
Global Outcomes (KDIGO) (3) suggested that dia-
lysate calcium concentration should be between 2.5
and 3.0 mEq/L, depending on individual cases. There
are two concentrations of calcium contained in dia-
lysate products commercially available in Japan: 2.5
and 3.0 mEqg/L. The 2.5 mEq/L. calcium dialysate
products tend to remove calcium, whereas the
3.0 mEq/L calcium dialysate products often cause it
to accumulate in the body (4,5). The 3.0 mEq/L
calcium dialysate products are routinely used in our
hospital. Recently, a 2.75 mEq/L calcium dialysate
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product (Kindaly 4, Fuso Pharmaceutical Industries,
Tokyo, Japan), which may bring the calcium balance
closer to 0, has been launched, and we had an oppor-
tunity to examine its possible benefit.

PATIENTS AND METHODS

Patients

Our study included 85 patients (65 men and
20 women) who received chronic HD on an outpa-
tient basis. They had a mean age of 60.7 years
(SD of 11.4 years) and a mean dialysis period of 82.7
months (SD of 77.5 months). Their underlying dis-
eases were diabetes (N =40), cystic kidney (N =2),
chronic glomerulonephritis (N = 20), nephrosclerosis
(N =11), and others (N = 12).

Methods

The patients were examined for 6 months after
switching from 3.0 mEq/L to 2.75 mEq/L calcium
dialysate. We evaluated blood biochemical param-
eters, including predialysis and postdialysis serum
calcium and phosphate levels, predialysis intact
parathyroid hormone (iPTH) levels; dialysis dose
(Kt/V); and doses of concomitant active vitamin D
preparations, calcimimetics, phosphate binder, and
erythropoiesis-stimulating agents. Because the study
was conducted in our existing clinical setting, no
therapeutic requirements were imposed in relation to
their specific treatments except for switching of dia-
lysate. The variations in the laboratory parameter
values over time were analyzed using a linear mixed
model. The Dunnett multiple comparison test was
performed. The parameter values for which no
normal distribution could be assumed were trans-
formed into log values for analysis. The doses of con-
comitant drugs that changed over time were analyzed
by performing paired Wilcoxon tests. Included data
was obtained over 6 months before switching of the
dialysate. The two-sided significance level was set at
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1.0
100~ ST S - PADGOD oo PROOTO . P<0001
P -
w171 e
8.0 P=f) 138 F=0832 P=0.009
7.0 : ; . . . : . . i
-5 -4 3 -2 -1 0 1 2 3 4 5 6

Observation period (in months)
N= 73 73 74 73 77 73 75 82 8 79 8 77

5%. The test results are shown together with
P-values. Predialysis calcium levels, when the
albumin level was less than 4 g/dL, were corrected
using Payne’s equation (corrected Ca [mg/dL] = Ca
[mg/dL] + {4 —albumin [g/dL]}).

RESULTS

Postdialysis calcium levels were significantly lower
than values before the switch, 1 month or later after
switching of the dialysate. Predialysis corrected
calcium levels were significantly lower than values
before the switch, 2, 5, and 6 months after switching
of the dialysate, and an overall decreasing tendency
was observed. In addition, the change in calcium
levels before and after dialysis was apparently
smaller after switching of the dialysate (Fig. 1). In
addition, calcium balance calculated as the difference
between the predialysis value and postdialysis value
(mean [SD]), decreased significantly from 0.74 (0.56)
mg/dL to 0.35 (0.62) mg/dL. 1 month after the change,
and then remained at the same level for up to 6
months (Fig. 2).

Intact parathyroid hormone levels increased sig-
nificantly more than values before the switch, 1
month after switching of the dialysate, and were sub-
sequently maintained until the end of the observation
period. The iPTH values were plotted over time in a
box plot because of their distribution shape. They
were tested using their log-transformed values
(Fig. 3).

No remarkable changes were observed in phos-
phate levels or Kt/V before and after switching of the
dialysate.

The dose of alfacalcidol, one of the concomitant
drugs, somewhat increased more than values
before the switch, after switching of the dialysate, and
its dose significantly increased at 5 months after
switching of the dialysate. When the recipients were

mg/dL Post-dialysis Ca level
1.0
I I I I PeO00T PO P00
10.0 T .1. l I T I
9.0 1 L 1T T
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FIG.1. Changes of predialysis and postdialysis calcium levels. P-values: analysis was performed using linear mixed models. Dunnett
multiple comparison was performed on the set for the observation period. Previous value: mean value over 6 months before switching of the

dialysate.
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FIG. 2. Change of calcium balance. Calcium balance: difference
between postdialysis calcium and predialysis corrected calcium.
P-values: analysis was performed using linear mixed models.
Dunnett multiple comparison was performed on the “0” set for the
observation period. 0: Mean value over 6 months before switching
of the dialysate.

classified into “decrease,” “no change,” and
“increase” groups in terms of alfacalcidol doses com-
pared, no consistent tendencies were found for those
groups. The number of recipients classified into the
“Increase” group gradually increased until 6 months
after switching of the dialysate. However, the size of
the “decrease” group greatly varied over the obser-
vation period (Fig. 4). No remarkable changes were
observed in the doses of other concomitant drugs.

DISCUSSION

In dialysis recipients, to address the control of
serum calcium levels whose importance has been
highlighted in the Chronic Kidney Disease-Mineral
and Bone Disorder (CKD-MBD) guidelines (6), we
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FIG.3. Changes of intact parathyroid hormone (iPTH) levels.
P-values: Log-transformed values were analyzed using linear
mixed models. Dunnett multiple comparison was performed
against the “0” set for the observation period. 0: Median value over
6 months before switching of the dialysate.

examined the use of 2.75 mEq/L calcium dialysate,
which is reported to bring the calcium balance near 0,
and reported our findings.

Both postdialysis and predialysis calcium levels
significantly decreased after switching of the dia-
lysate. The change in calcium levels before and after
dialysis was smaller after switching of the dialysate
than before. These results were favorable in terms of
calcium balance (7,8). A crossover study of 3.0 and
2.75 mEq/L calcium dialysates (9) showed that both
postdialysis and predialysis calcium levels remained
decreased, and the change in calcium levels before
and after dialysis was smaller when 2.75 mEq/L
calcium dialysate was administered than when
3.0 mEq/L calcium dialysate was administered. This
is consistent with our findings.

Matsuura et al. (10) observed that switching from
3.0 mEq/L to 2.75 mEq/L calcium dialysate did not

(ng) Dose of alfacalcidol ) Change in dose of alfacalcidol
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FIG. 4. Changes of alfacalcidol doses. Alfacalcidol dose: the total dose of 1 month, and set to 0 pig for the month of no treatment. P-values:
paired Wilcoxon test was performed for “0”. 0: Median dose value over 6 months before switching of the dialysate, left panel. P-values: sign
test. Change in doses: change from the median dose value over 6 months before switching of the dialysate, right panel.
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affect iPTH levels. However, this finding represents
only the patients who experienced no change to
their treatment for CKD-MBD. They noted a possi-
bility that iPTH levels would increase in the
patients for whom doses of active vitamin D prepa-
rations, calcium-containing phosphate binder, or
cinacalcet hydrochloride had to be changed. Our
study showed that 77 of 85 patients experienced
changes in the doses of concomitant drugs for the
treatment of CKD-MBD. An increase in iPTH
levels was probably associated with these dose
changes.

No consistent tendency in dose changes was
observed for any of the concomitant drugs, including
alfacalcidol, the most popular.To control serum phos-
phate, calcium, and iPTH levels in dialysis recipients,
these individuals are usually treated with a combina-
tion consisting of appropriate doses of phosphate
binder, active vitamin D drugs, or cinacalcet hydro-
chloride (6). This would explain why no consistent
tendency was detected in the dose changes of these
concomitant drugs among our dialysis recipients
after their dialysate was changed using the central
dialysis fluid delivery system.

CONCLUSION

Our study may contain many biases because it was
conducted as a part of routine dialysis practices,
where no specific limitations were imposed on dialy-
sis procedures or concomitant drugs. Therefore, there
may be limitations in interpreting the results, but the
resultant calcium levels, at least, suggest that switch-
ing to 2.7S mEq/L calcium dialysate may improve
the control of calcium levels. Although Shigematsu
etal. (9) and Matsuura et al. (10) covered 6 and 12
weeks of treatment duration, respectively, our study
covered 6 months, which allowed us to examine the

Ther Apher Dial, Vol. 18, No. 2, 2014

benefits of the dialysate over a longer period of time.
It is important to continue to follow the data on a
long-term basis.
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CLINICAL STUDY

Febuxostat for treating allopurinol-resistant hyperuricemia in patients

with chronic kidney disease
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Abstract

Background: Availability of the novel xanthine oxidase inhibitor febuxostat, which has multiple
excretion pathways, enables investigation of the significance of serum uric acid control on renal
function in patients with chronic kidney disease (CKD). Methods: This was an exploratory,
retrospective, observational study conducted at a single Japanese center. Serum uric acid
concentrations and serum creatinine levels in the 6 months before and after the start of
febuxostat treatment were collected for CKD patients switched from allopurinol after failing to
achieve serum uric acid concentrations <6.0 mg/dL. Results: Evaluable data were available for
60 patients, 67% of whom had advanced CKD (eGFR <30 mlL/min/1.73m?). Mean dose of
febuxostat was 15.9 (+8)mg/day. Mean serum uric acid concentration decreased from 8.4
(£1.4) mg/dL at baseline to 6.2 (+£1.2) mg/dL at 6 months; 47.5% of patients achieved a level
<6.0mg/dL. The change from baseline in eGFR was positive at all time points during febuxostat
treatment and the increase of 23 (£5.6)mL/min/1.73m? at 6 months was significant
(p=0.0027). Whereas the eGFR slope was negative during allopurinol treatment, it became
positive after the switch to febuxostat. The change in eGFR slope before and after febuxostat
treatment was significant for all patients (p <0.01), for male patients (p <0.05), and for patients
with a baseline eGFR of <15mL/min/1.73m? (p<0.05). Conclusions: In patients with CKD,
febuxostat reduces serum uric acid concentrations effectively and may suppress the
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progressive decline in renal function.

Introduction

An estimated 13.3 million Japanese people — or 1 in 8 adults —
have chronic kidney disease (CKD)A1 Treatment of CKD is
aimed at slowing the progression to end-stage kidney disease
(ESKD) and the onset of cardiovascular disease (CVD). To
this end, multimodal treatment ranging from lifestyle and
dietary guidance to blood pressure, glucose, and lipid control
through to correction of renal anemia and abnormalities in
bone and mineral metabolism is essential to prevent or delay a
series of pathologies.' Recently, serum uric acid has become a
target of control as per the 2012 revision of the Japanese
Society of Nephrology CKD treatment guideline.”
Hyperuricemia is defined as a serum uric acid concentration
greater than 7.0mg/dL.> As the dissolution limit of urate in
body fluids is around 6.4 mg/dL, persistent hyperuricemia
causes formation and deposition of urate crystals in body
tissues. The typical resultant disease is gouty arthritis;

Address correspondence to Yukinao Sakai, Division of Nephrology,
Department of Internal Medicine, Nippon Medical School Musashiko-
sugi Hospital, 1-396 Kosugi-cho, Nakahara-ku, Kawasaki, 211-8533,
Japan. Tel: +81 44 733 5181; Fax: +81 44 711 8333; E-mail:
y-sakai @nms.ac.jp

however, urolithiasis and gouty nephropathy are also known
to occur. In gouty nephropathy, crystals deposit in the renal
medulla, inducing chronic interstitial nephritis. Moreover, it
has recently been considered that oxidative stress due to
hyperuricemia induces arteriosclerosis in association with
hypertension and glucose/lipid metabolism disorder, resulting
in renal hypertension and reduced renal function as pathologies
unrelated to urate deposition. Nearly a decade ago already,
Iseki and colleagues reported an association between an
increased risk of ESKD and serum uric acid concentrations of
>7mg/dL in males and >6 mg/dL in females.*

Few studies to date have investigated the significance of
treating hyperuricemia on renal function, likely due to the
well-known difficulties of using conventional urate-lowering
drugs in patients with reduced renal function. Allopurinol
suppresses uric acid production by inhibiting xanthine
oxidase, but it has a purine structure and is known to affect
other nucleic acid metabolic enzymes. Metabolism of
allopurinol by xanthine oxidase produces the active metab-
olite, oxypurinol, which is excreted almost entirely by the
kidneys. Oxypurinol plasma concentrations are easily ele-
vated to the toxic range in patients with impaired renal
function; this often precludes administering allopurinol at a
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dose necessary to adequately reduce serum uric acid concen-
trations. In addition, uricosuric agents such as benzbromarone
are not recommended for patients with reduced renal function
due to an attenuated effect.

Febuxostat is a novel xanthine oxidase inhibitor introduced
inJapan in May 201 1. It does not contain purine in its chemical
structure and is a highly selective, potent, and continuous
inhibitor of xanthine oxidase via a new mechanism of
inhibition.” Multiple excretion pathways permit its use even
in patients with reduced renal function. Febuxostat has shown
good efficacy with regard to patients achieving a serum uric
acid target level of <6.0 mg/dL.%" In this regard a number of
well-controlled clinical trials such as APEX,® FACT,” and
EXCEL' have shown that febuxostat (80-240 mg/day) was
more effective than allopurinol (100-300 mg/day) in lowering
and maintaining serum urate levels below 6 mg/dL in patients
with hyperuricemia and gout. Moreover, its availability enables
investigation of the potential impact of active intervention for
hyperuricemia on renal function.

The purpose of this exploratory study was to evaluate the
urate-lowering activity of febuxostat and its effect on renal
function in patients with CKD.

Materials and methods

This was a retrospective observational exploratory study
performed in patients who had attended the Nippon Medical
School Musashikosugi Hospital between July 2011 and
November 2012. The study population involved patients
with CKD (estimated glomerular filtration rate [eGFR]
<60 mL/min/1.73 m*) who had failed treatment with allopur-
inol (serum uric acid concentrations remained >6.0 mg/dL)
and who had been treated with febuxostat for 6 months or
longer. The trial was performed in accordance with Japanese
Good Clinical Practice and Good Postmarketing Surveillance
Practice guidelines, and in line with the ethical principles set
out in the Declaration of Helsinki.

Data regarding serum uric acid concentrations and serum
creatinine levels in the 6-month periods before and after the
start of febuxostat treatment were extracted from patients’
electronic medical records. The usual laboratory methods
employed by the hospital were used throughout the study.
Estimated GFR was calculated using a formula based on
serum creatinine developed by the Japanese Society of
Nephrology for the Japanese population [eGFR (mL/min/
1.73m%) = 194 x Cr™ "% x Age ™ (x0.739 if women).'
Based on monthly eGFR values a regression line was
calculated for each subject to determine the rate of change
in eGFR per 6-month period, and this was defined as the slope
of the linear relationship between renal function and time for
each individual.""

Statistical analysis

Changes in serum uric acid concentrations and eGFR in the
6-month periods before and after the switch to febuxostat
were the primary assessment parameters. Each measurement
was presented as a mean = standard deviation and a paired
t-test was used to determine statistical significance. The
relationship between change in serum uric acid concentrations
and change in eGFR at 6 months after the switch to febuxostat
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was investigated using Pearson’s correlation coefficient
and Spearman’s rank correlation coefficient. Estimated
GFR slopes in the 6 months before and after the switch
to febuxostat were compared and the paired r-test was used
to determine statistical significance. For all statistical
analyses p<0.05 was considered statistically significant,
Analysis software was SAS version 9 in a Windows 7
operating system (SAS™ Software, Cary, NC).

Results
Patient characteristics

Sixty patients were able to be followed for 6 months after
switching from allopurinol to febuxostat. Baseline character-
istics are presented in Table 1. Most patients were male (73%)
and the mean age of the cohort was 63.1 (:16.6) years. Mean
serum uric acid concentration before switching to febuxostat
was 8.4 (:£1.4) mg/dL (range: 6.2—13.1 mg/dL.). Two-thirds of
patients (n=40) had advanced CKD (eGFR <30 mL/min/
1.73 m?). Primary conditions underlying renal disease were
hypertension (n=15), chronic glomerulonephritis (n=21),
and diabetic nephropathy (n = 10), while other less common
causes were responsible for the remaining 14 cases (Table 1).
Four patients had a history of gouty kidney disease of mean
duration 6.5 (£2.1) years. In terms of concomitant medica-
tions, 45 patients were being treated with an angiotensin
converting enzyme (ACE) antagonist or angiotensin I
receptor blocker (ARB), none were prescribed a non-steroidal
anti-inflammatory drug (NSAID) on a regular basis, and
alcohol was used only occasionally (no heavy drinkers were
included in this cohort).

Febuxostat was administered at a daily dose of 10 mg in 33
patients, 20 mg in 21 patients, 30 mg in 3 patients, and 40 mg
in 3 patients. The mean dose in all patients was 15.9 (:8) mg/
day. The mean allopurinol dose prior to the switch was 71.3
(£29.5) mg/day.

Serum uric acid concentrations

Changes in serum uric acid concentrations in the 6-month
periods before and after the switch from allopurinol to
febuxostat are shown in Figure 1. The mean serum uric acid
concentration was significantly (p<0.001) reduced from
baseline at | month after the switch to febuxostat and
remained significantly lower throughout treatment. At 6
months, the mean serum uric acid concentration was 6.2
(£1.2) mg/dL. Nearly half the population (47.5%) achieved a
serum uric acid concentration <6.0 mg/dL. Reduction in the
mean serum uric acid concentration was satisfactory irre-
spective of gender (Figure 2a) or baseline renal function
(Figure 2b).

eGFR

After switching to febuxostat, there was a positive change
from baseline in the mean eGFR at all time points
(Table 2). The increase of 2.3 (£5.6) mL/min/1.73 m> at
6 months was significant (p =0.0027) versus baseline. No
clear correlation between the change in serum uric acid
concentrations and change in eGFR after 6 months of
febuxostat treatment was found overall or in most patient
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Table 1. Baseline characteristics of the study population.

Febuxostat in allopurinol-resistant hyperuricemia 3

Baseline characteristics All patients n =60

Male patients n=44 (73%) Female patients n=16 (27%)

Age (years)

Mean (£SD) 63.1+£16.6
Range 29-98
Serum uric acid concentration (mg/dL)
Mean (£SD) 84+14
Range 6.2-13.1
<Tmg/dL (n, %) 6 (10.0)
7-8 mg/dL (n, %) 16 (26.7)
8-9 mg/dL (n, %) 25 (41.7)
>9mg/dL (n, %) 13 (21.7)
eGFR (ml/min/1.73 m?)
Mean (£ SD) 2724192
Range 3.1-89.8
<15 mL/min/1.73 m? (n, %) 18 (30.0)
15-29 mL/min/1.73m? (n, %) 22 (36.7)
30-44 mL/min/1.73 m? (1, %) 11 (18.3)
45-59 mL/min/1.73 m? (n, %) 4(6.7)
>60mL/min/1.73 m* (n, %) 5(8.3)
Underlying morbidity
Hypertension 15 (25.0)
Chronic glomerulonephritis (r, %) 21 (35.0)
IgA nephropathy (1, %) 12 (20.0)
Membranous nephropathy (n, %) 7(11.7)
Focal segmental glomerulosclerosis (n, %) 1 (1.7)
Biopsy not performed (1, %) 1(1.7)
Diabetic nephropathy (1, %) 10 (16.7)
Gouty nephropathy (n, %) 4 (6.7)
Polycystic kidney (n, %) 4(6.7)
Interstitial nephritis (n, %) 23.3)
Rheumatoid arthritis (n, %) 233
MRSA nephropathy (n, %) 1(1.7)
Renal cell carcinoma (n, %) 1(1.7)

62.8+16.4 63.9+17.7
30-89 29-98
85414 82+1.6
6.3-13.1 6.2-12.1
4(9.1) 2 (12.5)
10 (22.7) 6 (37.5)
20 (45.5) 5(31.3)
10 (22.7) 3 (18.8)
29.8+£20.7 2024120
4.0-89.8 3.1-43.7
12 21.3) 6 (37.5)
15 (34.1) 7 (43.8)
8 (18.2) 3(18.8)
4(9.1) 0
5(11.4) 0
11 (25.0) 4 (25.0)
16 (36.4) 5(31.3)
8 (18.2) 4 (25.0)
6 (13.6) 1(6.3)
1(2.3) 0
1(2.3) 0
6 (13.6) 4 (25.0)
4(9.1) 0
3 (6.8) 1(6.3)
1(2.3) 1 (6.3)
1 (2.3) 1(6.3)
12.3) 0
12.3) 0

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; SD, standard deviation.
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Figure 1. Change in serum uric acid concentration (mean & SD) before and after the start of febuxostat treatment (number in parentheses indicates

number of patients). ***p<0.001 versus Month O (paired #-test).

subgroups stratified by gender or baseline eGFR (Table 3).
A significant inverse correlation (r=-—0.70; p=0.0013)
was detected only in patients whose baseline eGFR was
<15 mL/min/1.73 m? (Table 3). Subsequent examination of
eGFR before and after the switch to febuxostat in this
particular patient group showed that, in contrast to the
steady decline in renal function during allopurinol treat-
ment, there was a tendency towards improvement in eGFR
during febuxostat treatment (Figure 3).

Accordingly, eGFR slopes in the 6-month periods before
and after the switch to febuxostat were evaluated to determine
the effect of active reduction of serum uric acid concentra-
tions on renal function. Whereas the eGFR slope was negative
during allopurinol treatment, it became positive after the
switch to febuxostat (Figure 4) and was positive irrespective
of gender (Figure 5a) or baseline renal function (Figure 5b).
The change in eGFR slope before and after febuxostat
treatment was significant for all patients (p <0.01), for male
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Figure 2. Change in serum uric acid concentrations (mean == SD) during febuxostat treatment stratified by (a) gender and (b) baseline eGFR (mL/min/

173 m).

##Ep < (0.001 versus Month O (paired (-test).

Table 2. Change from baseline in eGFR (mL/min/1.73 m?) after the start of febuxostat treatment.

Total Male Female
n Mean == SD p Value® n Mean = SD p Value* n Mean + SD p Value*

Baseline (Month 0) 60 2724192 - 44 20.8+£20.7 - 16 202+£12.0 -

Month | 54 1.244.1 0.0416 40 0.9:£4.1 0.1672 14 1.844.0 0.1076
Month 2 59 1.8£6.0 0.0252 44 1.946.7 0.0650 IN] 1.54+3.6 0.1294
Month 3 53 0.7+£4.3 0.2308 38 0.6+49 0.4638 15 1.1+24 0.1082
Month 4 59 0.645.7 0.4354 44 0.6+£6.2 0.5420 15 0.6:+£3.7 0.5525
Month 5 52 0.8+4.4 0.2008 38 0.74£4.7 0.3588 14 1.04£3.7 0.3165
Month 6 58 23£56 0.0027 42 25+£58 0.0074 16 1.745.1 0.1998

Symbols: *versus Month O (paired t-test).

Table 3. Correlation between the change in serum uric acid concentra-
tions and change in eGFR at 6 months after the start of febuxostat

treatment.
Pearson
correlation p

Patient group coefficient (r) Value
Total (n=758) —0.10 0.4747
Male (42) -0.02 0.8860
Female (16) -0.29 0.2696
eGFR at Month 0: <15 mL/min/1.73 m> (18) —0.70 0.0013
eGFR at Month 0: 15-30 mL/min/1.73 m* (21) 0.21 0.3694
¢GFR at Month 0: 30-45 mL/min/1.73 m? (11) -0.52 0.1022
eGFR at Month 0: 45-60 mL/min/1.73 m* (3) —-0.97 0.1685
eGFR at Month 0: >60 mL/min/1.73 m> (5) 0.71 0.1835

patients (p<0.05), and for patients with a baseline eGFR
<15mL/min/1.73m? (p <0.05).

Adverse events

A slight increase in transaminase levels was recorded in a
single patient after switching to febuxostat, but the event was
not considered clinically significant and febuxostat treatment
was continued as before.

Discussion

Hyperuricemia is frequently associated with hypertension,
diabetes, dyslipidemia, and other metabolic disorders.' As
uric acid is cleared through the kidneys, a decline in renal
function can lead to hyperuricemia especially in elderly
persons long affected by these lifestyle diseases. In turn, it is
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Figure 3. Change in eGFR (mean + SD) before and after the start of febuxostat treatment in patients with a baseline eGFR <15 mL/min/1.73 m?
(number in parentheses indicates number of patients). *p<0.05 versus Month O (paired ¢-test).
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becoming increasingly accepted that hyperuricemia contrib-
utes to the development and progression of renal pathology by
both direct and indirect mechanisms. In the current study,
retrospective analyses were performed to investigate the
effects of switching from the conventional urate-lowering
agent, allopurinol, to the novel urate-lowering agent, febuxo-
stat, on uric acid control and renal function in patients
with CKD.

Febuxostat produced significant reductions in mean serum
uric acid concentrations from Month 1 onwards. Nearly half
the patient sample (47.5%) reached the target serum uric acid

concentration of <6.0mg/dL with a 10-20mg dose; even
greater efficacy could be expected with higher doses.
Importantly, the slow but steady decline in eGFR observed
with allopurinol in the 6 months prior to the switch was halted
by febuxostat and there was a tendency towards improvement.
Although data were not presented due to small sample sizes,
no major differences were observed in the efficacy of
febuxostat according to presence or type of underlying
disease (e.g., hypertension, glomerulonephritis, etc). Taken
together, these findings suggest that febuxostat may be useful
in the maintenance of renal function in patients with CKD.
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Figure 5. Change in eGFR slope (meanztSD) before and after
febuxostat treatment stratified by (a) gender and (b) baseline eGFR
(mL/min/1.73m?).  #*p<0.05 and *%p <001 versus before treatment
(paired f-test).

A study from the US which examined the long-term
(5-year) effects of febuxostat on eGFR found an inverse
correlation between the quantitative reduction from baseline
in serum uric acid concentrations and maintenance or
improvement of eGFR.'? In the current study, this relationship
was detected only in the subgroup with a baseline eGFR
<15mL/min/1.73m?. Studies over a longer term and with
larger sample sizes should help confirm the inverse associ-
ation between the magnitude of reduction in serum urate
levels and improvement in renal function.

Uric acid is known to be a potent antioxidant. However,
studies in vivo and in vitro have suggested that uric acid may
induce oxidative stress and inflammation in vascular endo-
thelial cells leading to reduced production of nitric oxide'? or
that it may induce renal arteriopathy or tubulointerstitial
fibrosis through activation of the renin—angiotensin system.'*
Both sets of results suggest that elevation of serum uric acid
concentrations can lead to renal impairment, and support the
establishment of uric acid as a therapeutic target to prevent
the onset and progression of CKD.? Indeed, support for uric
acid as a target of therapy in CKD derives from several
sources. In an investigation of 167 patients who underwent
renal biopsy, higher serum uric acid concentrations were
associated with a greater degree of hyaline degeneration and
arterial wall thickening in the renal artery.'® Elsewhere, high-
dose allopurinol was shown to exhibit hypotensive activity in
hyperuricemic adolescents with newly-diagnosed hyperten-
sion.'® Hiramitsu and colleagues reported blood pressure
improvement in patients with hyperuricemia treated for 12-16
weeks with febuxostat under general practice conditions.'’
Reducing serum uric acid concentrations may improve

Ren Fail, Early Online: 1-7

vascular endothelial dysfunction, leading to functional and
structural improvement of blood vessels. Although the effect
of febuxostat on blood pressure was not analyzed in the
current study, this same mechanism may underlie the
improvement in eGFR observed with febuxostat.

Guidelines for treatment of hyperuricemia/gout recom-
mend a target serum uric acid concentration of <6.0 mg/dL,”
or even <5.0 mg/dL,"" to achieve durable control of the signs
and symptoms of gout, These recommendations stem from the
need to maintain serum uric acid concentrations below the
dissolution limit of extracellular fluid. In the current study, it
was considered that removing urate deposits in the kidney was
one of the factors underlying the tendency towards improve-
ment in eGFR seen with febuxostat.

At our center we have experienced other cases in which
urate crystals identified on kidney sonogram following
insufficient reduction of serum uric acid concentrations with
allopurinol disappeared when levels were maintained below
6.0mg/dL. by treatment with febuxostat. In the study of
Goicoechea and colleagues, 113 CKD patients with eGFR
<60 mL/min/1.73m” were randomly assigned to receive
allopurinol 100 mg/day or continue with usual therapy. After
a mean follow-up of 24 months, serum uric acid concentra-
tions were reduced and the decline in eGFR was suppressed in
the group receiving allopurinol compared to the control
group. Serum uric acid concentrations were reduced from 7.8
to 6.0 mg/dL in the allopurinol group but remained unchanged
(7.3 to 7.5mg/dL) in the control group.'” These findings
highlight the benefits that can be achieved by reducing and
maintaining serum uric acid concentrations at around 6.0 mg/
dL in patients with impaired renal function.

It has been demonstrated clinically that febuxostat
inhibits xanthine oxidase more strongly than allopurinol
and has a potent uric acid-reducing effect. In addition, its
inhibitory effect on xanthine oxidase-dependent reactive
oxygen species formation was shown to be 1000-fold
greater than that of allopurinol.® Recently, Isaka and co-
workers reported that febuxostat showed inhibitory activity
on oxidative stress markers including nitrotyrosine and
thiobarbituric acid reactive substances (TBARS), producing
an anti-inflammatory and renal protective effect in animal
models with renal ischemia-reperfusion injury and ureteral
ligation.*'** Thus, the renal protective effect of febuxostat
may not only be due to its potent uric acid-reducing effect,
but also to inhibition of oxidative stress through potent
inhibition of xanthine oxidase in pathological conditions
related to reduced renal function.

As this was an exploratory, retrospective study it has a
number of limitations. In particular, the number of patients
with data available for analysis was small for some subgroup
analyses. As such, the findings should be interpreted with
caution. The observation period of 6 months was relatively
short and precludes extrapolating the results over the longer
term. Nevertheless, it was highly encouraging to demonstrate
the uric acid-lowering efficacy of febuxostat and the trend
towards slowing the progression of renal dysfunction in
patients with CKD. Prospective, long-term, large-scale,
randomized comparative studies are required to further
elucidate the significance of actively treating hyperuricemia
in patients with CKD.
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Abstract

Allogeneic hematopoietic cell or bone marrow transplantation (BMT) causes graft-
versus-host-disease (GVHD). However, the involvement of the kidney in acute
GVHD is not well-understood. Acute GVHD was induced in Lewis rats (RT1') by
transplantation of Dark Agouti (DA) rat (RT1%) bone marrow cells (6.0 x 107 cells)
without immunosuppression after lethal irradiation (10 Gy). We examined the
impact of acute GVHD on the kidney in allogeneic BMT rats and compared them
with those in Lewis-to-Lewis syngeneic BMT control and non-BMT control rats. In
syngeneic BMT and non-BMT control rats, acute GVHD did not develop by day 28.
In allogeneic BMT rats, severe acute GVHD developed at 21-28 days after BMT in
the skin, intestine, and liver with decreased body weight (>20%), skin rush,
diarrhea, and liver dysfunction. In the kidney, infiltration of donor-type leukocytes
was by day 28. Mild inflammation characterized by infiltration of CD3+ T-cells,
including CD8+ T-cells and CD4+ T-cells, and CD68+ macrophages to the
interstitium around the small arteries was noted. During moderate to severe
inflammation, these infiltrating cells expanded into the peritubular interstitium with
peritubular capillaritis, tubulitis, acute glomerulitis, and endarteritis. Renal
dysfunction also developed, and the serum blood urea nitrogen (33.9 +4.7 mg/dL)
and urinary N-acetyl--D-glucosaminidase (NAG: 31.5+15.5 U/L) levels
increased. No immunoglobulin and complement deposition was detected in the
kidney. In conclusion, the kidney was a primary target organ of acute GVHD after
BMT. Acute GVHD of the kidney was characterized by increased levels of urinary
NAG and cell-mediated injury to the renal microvasculature and renal tubules.
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Introduction

Allogeneic hematopoietic cell transplantation (HCT) is a clinical treatment for a
variety of conditions, including hematologic disorders, metabolic storage diseases,
immune deficiencies, and is used as a rescue technique after cancer treatment
[1,2]. Despite improved outcomes following HCT, renal impairments remain a
common complication. Acute kidney injury has been reported to manifest in
approximately 70% of HCT recipients [3]. Acute kidney injury itself is an
important risk factor for the development of chronic kidney disease, and is
associated with increased short- and long-term mortality following HCT [4].
Therefore, strategies to preserve renal function in patients receiving HCT should
be implemented, given the potential for positive patient outcomes. Often, the
accurate etiology of post-transplant renal dysfunction cannot be diagnosed, as
renal biopsy is rarely performed in the peri-transplantation period.

In patients with HCT, multiple factors have been linked to the development of
renal impairments, including preexisting renal injury, direct effects of con-
ditioning chemotherapy and irradiation, complications of the infused cryopre-
served cells, tumor lysis syndrome, calcineurin inhibitor used for graft-versus-host
disease (GVHD) prophylaxis, and infection and its treatment [3, 5-7]. Despite the
multiple etiologies of post-transplant renal dysfunction, GVHD has rarely been
linked to the kidney, and most physicians believe that the kidney is not a target of
acute GVHD. However, several recent studies have demonstrated chronic GVHD
of the kidney that resulted in nephrotic syndrome [8, 9]. In addition, some studies
suggest that acute GVHD may also develop in the kidney after HCT [10, 11].

In the present study, to clarify whether acute GVHD develops in the kidney, we
used the major histocompatibility complex—disparate rat allogeneic bone marrow
transplantation (BMT) model. We used the already established rat GVHD model,
which involves transplantation of bone marrow cells (BMCs) from DA rats (RT1?,
RT1A?) into lethally irradiated Lewis rat (RT1', RT1A") recipients without
immunosuppression [12]. Although, this rat BMT model is different from clinical
HCT in human, this model is considered to be useful to evaluate the acute GVHD
on the kidney, because severe and acute GVHD develops within 21 days after
BMT in this model.

Materials and Methods

Animals

The animal experiments described in this study were approved by the Animal
Experiments Ethical Review Committee of Nippon Medical School (protocol
no. 26-122). We used inbred male DA and Lewis rats (Charles River Japan,
Kanagawa, Japan) that weighed 190-220 g and 220-270 g, respectively. All
animals received humane care in compliance with the Guideline by the
Committee of Nippon Medical School.
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Bone Marrow Transplantation

BMC suspensions were harvested from DA and Lewis rats by flushing the marrow
from the femurs and tibias with cold RPMI 1640 (Life Technologies, Grand
Island, NY) supplemented with 2.5% fetal bovine serum and 25 mM HEPES.
Recipient Lewis rats were irradiated with a dose of 10 Gy (MBR 1505R2; type PI-
CR-1505R2, type MI-RC-3E, Hitachi Medical Corporation, Japan) prior to BMT.
After 2-3 h, 6.0 x 10’ BMCs from the DA or Lewis rats were then injected into
Lewis rat recipients via the tail vein.

In this model, acute GVHD developed by day 21 to day 28 in allogeneic BMT
rats. The growth of transplanted BMCs, body weight, degree of acute GVHD, liver
and renal functions, pathology, and cytokines milieu were evaluated by day 28 in
allogeneic BMT rats (n=5 at each time point), Lewis-to-Lewis syngeneic BMT
control rats (n=>5 at each time point), and non-BMT control rats (n=3 at each
time point).

Reconstruction of Transplanted BMCs

To examine the reconstruction of transplanted BMCs, blood samples were
collected on days 4, 7, 14, 21, and 28 after BMT from the tail vein, to measure the
number of white blood cells (Full Automatic Blood Cell Counter, model: PCE-
210N, ERMA. INC), and flow cytometry was conducted to assess the expression of
RT1A* (donor-type cells), CD6+ T-cells, CD8+ T-cells, CD4+ T-cells, and CD68+
macrophages. Peripheral blood mononuclear cells were treated with anti-mouse
CD16/32 Ab (clone 2.4G2) to block the Fc-receptors followed by direct or indirect
staining of fluorochrome-conjugated antibodies (Table 1). Dead cells were
identified and excluded using propidium iodide. Cell suspensions were analyzed
on a FACSCanto II flow cytometer (BD Biosciences).

Systemic Analysis of GVHD

The degree of systemic GVHD was assessed using a standard scoring system that
incorporated five clinical parameters: weight loss, posture (hunching), activity, fur
texture, and skin integrity [13]. Each parameter was evaluated and graded from 0
to 2. A clinical index was subsequently generated by the sum of the five criteria
scores (maximum index =10). The skin, liver, intestine, and kidney from
allogeneic BMT rats were examined pathologically at day 28 after BMT. As
controls, the skin, liver, intestine, and kidney from non-BMT control Lewis rats
and from Lewis-to-Lewis syngeneic BMT control rats were prepared at day 28
after BMT. Blood samples were collected on day 28 from allogeneic and syngeneic
BMT rats and non-BMT control rats to examine liver function (total bilirubin [T-
Bil], aspartate aminotransferase [AST], and alanine aminotransferase [ALT]), as
well as renal function (serum creatinine [Cr], blood urea nitrogen [BUN]), using
an autoanalyzer (SRL, Tokyo, Japan). Urine was also collected on day 28, to
examine proteinuria and urinary N-acetyl-B-D-glucosaminidase (NAG) levels
(SRL, Tokyo, Japan).
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Table 1. The kinds of reagents.

- White blood cell

Monocyte, Macrophage = HIS48

Anti-rat C3 Ab

*Assessment: Flow: Flow cytometory; IHC: Immunohistochemistry; IF: Immunofluorescence.
**American Type Culture Collection.
***Tetramethylrhodamine isothiocyanate.

doi:10.1371/journal.pone.0115399.t001

Pathology and Immunohistochemistry

To study the histological features of GVHD, the skin, liver, intestine, and kidney
tissues were fixed in 20% buffered formalin and embedded in paraffin for light
microscopic examination. Tissues were stained with hematoxylin and eosin
(H&E) and periodic and acid-Schiff (PAS) staining for histopathological
examination, and naphthol AS-D chloroacetate esterase staining to detect
neutrophils. The primary antibodies used for immunohistochemistry are
indicated in Table 1. To detect infiltrating CD3+ T-cells, CD8+ T-cells and
CD68+ macrophages, 20% -buffered, formalin-fixed, paraffin-embedded tissue
sections were stained by the standard avidin-biotin-peroxidase complex
technique. Before incubation with the primary antibody, for ED1+ and CD3+
detection, tissue sections were incubated with 0.1% pepsin for 45 min. For CD8+
detection, the sections were treated with 1 mM EDTA (pH 8.0) in hot water at
90°C for 3 h.

In each kidney sample, the number of infiltrating CD3+ T-cells, CD8+ T-cells,
and CD68+ macrophages was examined in 40 randomly selected interstitial fields
at x 200 magnification, by an investigator blinded to the clinical or histological
findings.

Immunofluorescence study was also performed using frozen tissues. The
deposition of IgM, IgG, and C3 was evaluated using the indirect method. To
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detect the donor type of leukocytes in the kidney, double stain with fluorescein
isothiocyanate (FITC)-conjugated anti-rat RT1A™" antibody (donor type of
RTIA") and phycoerythrin (PE)-conjugated anti-rat CD45 antibody (leukocyte
common antigen) was performed. To detect CD8+ T-cells or CD4+ T-cells,
double stain with FITC-conjugated anti-rat CD3 antibody and PE-conjugated
anti-rat CD8a antibody or anti-rat CD4 antibody was performed. To evaluate the
expression of MHC class II in renal tubules, immunostaining with PE-conjugated
anti-rat RT1B antibody was performed. In each kidney sample, more than 100
cross-sections of renal tubules were graded semiquantitatively based on the
specimens stained for rat RT1B, using the following grading system: absence of
MHC class II staining; 0, mild increase of MHC class II staining; 1, moderate
increase of MHC class II staining; 2, marked increase of MHC class II staining; 3.

Real-time Reverse Transcription-Polymerase Chain Reaction for
Cytokines

Real-time reverse transcription-polymerase chain reaction (Real-time RT-PCR)
was performed as described previously [14], to examine the mRNA expression
levels of interferon (IFN)-vy, tumor necrosis factor (TNF)-o, interleukin (IL)-4,
and IL-17 in the kidney. Total renal RNA was extracted using the ISOGEN
(Nippon Gene, Japan) according to the manufacturer’s protocol. The purified
total RNA was 1.9-2.2 of A260/A280. cDNA libraries were created with a High
Capacity cDNA Reverse Transcription kit (Applied Biosystems, Foster City, CA)
according to manufacturer’s protocol from 2 pg of total RNA. The gene
expression levels were analyzed by quantitative RT-PCR using the
THUNDERBIRD SYBR qPCR Mix (TOYOBO, Osaka, Japan) according to the
manual supplied by the manufacturer (ABI PRISM 7900 HT, Applied
Biosystems). The normalized value for mRNA expression in each sample was
calculated as the relative quantity of relevant primers divided by the relative
quantity of the housekeeping gene, B-actin. The RT-PCR primer sequences used
in this study are listed in Table 2. Quantification was performed using the SDS 2.3
software program (Applied Biosystems).

Statistical Analysis

The results were expressed as mean + standard deviation. Differences were
evaluated using either the Student #-test using an analytical software program
(Excel, Microsoft, Redmond, WA) or ANOVA determined by analysis of variance
which performed Fisher’s one. Differences were considered significant at the 95%

confidence intervals (P<<0.05).
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