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Diabetes mellitus

Although diabetes mellitus (DM) disturbs bone metabolisim, little is known concerningits effects on laboratory
abnormalities in chronic kidney disease-mineral and bone disorders (CKD-MBD). We extracted data for 602
patients from the Osaka Vitamin D Study in patients with CKD (OVIDS-CKD), an observational study enrolling
predialysis outpatients. No enrolled patients received vitamin D, bisphosphonate, estrogen or raloxifene. We
measured 1- 84 PTH, 25-hydroxyvitamin D {25D), calcitriol, fibroblast growth factor-23 (FGF-23), calcium
{Ca), and phosphate {P). Since there were 112 DM patients (group D), we extracted 112 age-, sex-, and eGFR-
matched non-DM counterparts (group N), We compared biochemical markers between groups, and then
performed multiple regression analyses for all 602 subjects to confirm the results obtained. Group D had
significantly higher corrected Ca and P than group N throughout all stages of CKD. In group D, 25D decreased as
renal function declined, while in group N it remained constant (interaction P<0,05). Despite higher P and
poorer vitamin D status in DM, there were no differences in 1~ 84 PTH level between group D and group N
stratified by stage of CKD, resulting in significantly lower calcitriol levels in group D in late CKD. Multiple
regression analyses revealed that DM was significantly associated with low vitamin D status even with
adjustment for urinary protein, and that this poorer vitamin D status in DM was responsible for lower calcitriol
level associated with DM. Despite higher P, lower FGF-23 in early CKD (stages 1+ 2) and comparable level of
FGF-23 in late stages of CKD (stages 3, 4, and 5) were observed in group D. We interpreted these results to
indicate that inappropriate production of FGF-23 in DM might explain higher serum phosphate in DM. Multiple
regression analysis with adjustinent for covariates confirmed an independent relationship between DM and
low FGF-23, implying the existence of dysfunction or decreased density of osteocytes in DM, Given the origin of
these phosphaturic hormones, DM may thus have markedly deleterious effects on parathyroid and bone.
Poorer vitamin D status and higher CaP product might be partly responsible for functional and structural
changes of vasculature, respectively, in DM.

© 2009 Elsevier Inc, All rights reserved,

Introduction

patients [6]. However, no studies have reported the differences in
laboratory abnormalities between diabetic and non-diabetic pre-

Use of the new umbrella concept chronic kidney disease-mineral
and bone disorders (CKD-MBD) was advocated by Kidney Disease
Improving Global Outcomes (KDIGO) [1]. Three factors, ectopic
calcification, renal osteodystrophy, and laboratory abnormalities, are
included in this novel concept. it is known that in predialysis patients
diabetes mellitus (DM) significantly worsens vascular calcification,
one of the types of ectopic ossification reported to be associated with
morbidity and mortality in hemodialysis patients [2-5}]. Moreover,
DM has a marked impact on renal osteodystrophy, including
suppression of serum parathyroid hormone (PTH) in hemodialysis

* Corresponding author. Fax: +81 6 6379 3857.
E-muail address: hamatea@medone med.osaka-uacjp (T. Hamano),

8756-3282/$ - see front matter © 2009 Elsevier Inc. All rights reserved.
doi:10.1016.1.bone 2009.07.016

dialysis patients.

It is known that DM disturbs bone metabolism in subjects without
CKD {7.8]. One of the characteristics of bone metabolism in DM patients
is low bone turnover. Although Type 2 DM has no deleterious effect on
bone mineral density because of this fow rate of bone turnover, risk of
bone fracture is reported to be higher in diabetic patients [9-11].
Diabetic hemodialysis patients have also been reported to have an
increased incidence of hip fracture |12]. Osteoblast dysfunction
induced by oxidative stress might explain the disturbance of bone
metabolism in DM, since it would lead to impairment of bone
formation {13].

In this study, we focused on the effects of DM on serum calcium,
phosphate, and vitamin D metabolism with adjustment for estimated
glomerular filtration rate (eGFR). In investigating vitamin D regula-
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tion, we measured two phosphaturic hormones, PTH and fibroblast
growth factor-23 (FGF-23). In this cross-sectional, observational study
enrolling DM patients and sex-, age-, and eGFR-matched non-DM
patients, we found that DM patients had higher serum corrected
calcium and phosphate levels and poorer vitamin D status with
comparable levels of 1-84 PTH, resuiting in lower serum calcitriol
levels in advanced CKD. We also found that DM was a significant
negative determinant for serum FGF-23,

Methods
Study population

We extracted data for 602 patients from the Osaka Vitamin D Study
in patients with CKD {OVIDS-CKD), a multicenter cross-sectional
observational study enrolling 751 CKD outpatients in Japan. All
patients gave written informed consent to participate in the study.
The Ethics Committee at Osaka University Graduate School of Medicine
approved this study (approval number 07142). Subjects were eligible
for enroliment if they had never received steroids, bisphosphonates,
native or active vitamin D, or raloxifene as determined by medical
history. Since there is a report that statins do not affect mineral
metabolism in CKD including calcium, phosphorus and iPTH {14}, we
included them into the analysis. Of the total of 602 subjects enrolled,
112 patients had DM (group D) and met the criteria of the American
Diabetes Association. We selected one sex-, age-, and eGFR-matched
control patient without diabetes for each enrolled diabetic patient
(group N) to obtain a new cohort of 224 patients. We selected them by
computerization, leading to least possibility of bias. In brief, each
diabetic patient was assigned a 4-digit index number which includes
the information of sex, eGFR category in 10 mL/min/1.73 m? band, and
age category in 10 year band. And for each diabetic patient, one non-
diabetic patient with the same 4-digit index number was selected from
the entire non-diabetic population by using computer (a 1:1 match). If
this could not be done, the algorithm then proceeded sequentially to
the next highest digit match (a 3-, 2-digit) on index number to make
“next-best” matches.

In order to exclude the selection bias, we further performed
sensitivity analysis, in which we created another cohort of non-
diabetic patients by another equation formula.

Measured variables

Blood and urine samples were obtained at enroliment. Blood
samples were drawn from ambulatory patients after an overnight fast.
After 30 minute incubation, blood samples were centrifuged for serum
separation and the serum was stored frozen at — 80 °C until analysis.
Blood chemistry parameters (blood urea nitrogen, creatinine, albumin,
calcium, and inorganic phosphate) were measured by standard
automated techniques. Estimated GFR was calculated according to
revised MDRD formula {15]. Full-length 1-84 PTH was measured by a
third-generation assay (Whole PTH, Scantibodies, Santee, CA, USA).
The biologically active form of FGF-23 {intact FGF-23) was measured

Table 1
Demographic factors and laboratory findings for all subjects and matched groups.

by a sandwich enzyme-linked immunosorbent assay system (Kainos
Laboratories, inc., Tokyo, Japan). Levels of serum calcitriol and 25-
hydroxyvitamin D were measured using a TFB 1,25-hydroxyvitamin D
RIA kit (Immunodiagnostic Systems Ltd., Boldon, UK) and a '?*1 RIA kit
(DiaSorin Inc,, Stillwater, MN, USA), respectively. Bone-specific alka-
line phosphatase (bone ALP) and serum cross-linked N-telopeptide of
type | collagen (NTX) were assayed by using the Osteolinks-Bone ALP
high-sensitivity diagnostic enzyme immunoassay (EIA) kit (Sumitomo
Pharmaceuticals, Co., Osaka, Japan) and an OSTEOMARK ELIZA kit
(Mochida pharmaceutical Co., Tokyo, Japan), respectively. We mea-
sured the bone mineral density (BMD) of the second to fourth lumbar
vertebrae (L2-4) in addition to the femoral neck with a dual-energy X-
ray absarptiometer { Discovery A, Hologic Inc., Bedford, MA, USA) in the
posterior-anterior projection. Serum calcium level was corrected for
Alb using the formula corrected calcium=total calcium + (4.0 —
albumin)*0.8 if Alb<4.0 mg/dL. Urinary protein was measured
semiquantitatively with a dipstick test.

Statistical analyses

Demographic factors and laboratory data for groups D and N were
compared using t-tests or Wilcoxon rank-sum tests for continuous
variables as appropriate, and the Pearson chi-square test for
categorical variables. When dependent or explanatory variables had
no linearity, they were log transformed (e.g. 1-84 PTH, FGF-23).

First, between-group analyses of these laboratory parameters were
performed using a multiple linear regression model with eGFR and
group as explanatory variables. This model involves analysis of
covariance (ANCOVA) only when there is no interaction between
eGFR and group, We performed post-hoc analysis regarding the
difference within each CKD stage only if significant interaction was
observed.

Second, we confirmed between-group differences in laboratory
parameters by stepwise forward multivariate linear regression
analyses for the total of 602 patients enrolled. Factors adjusted in
the analysis of FGF-23 were age, sex, body mass index, corrected Ca, P,
eGFR, 1-84 PTH, 25D, and 1,25D. In the analysis of 25D, two models
were used, with and without urinary protein, with adjustment for the
season of collection of blood samples, age, sex, BMI, corrected Ca, P,
eGFR, 1-84 PTH, and FGF-23. The prevalences of semiquantitative
urinary protein (uPro) dipstick testing across CKD stages were
compared by chi-square test separately in each group. If a difference
was significant, we proceeded to Cochrane-Armitage trend analysis to
examine the association between CKD stage and the prevalence of
uPro >3+, To take into account the contributions of urinary protein
[16] and season {17,18] to 25D level, we converted them to dummy
variables in multivariable analyses for vitamin D status. Dummy
variables were constructed with no urinary protein and winter as
references, respectively. Herein, spring denotes March to May,
suminer June to August, autumn September to November, and winter
December to February. In another analysis of calcitriol, we also
prepared two models with or without 25D, to determine whether
poorer calcitriol levels in diabetic patients were actually due to poorer

Variable All subjects Group D Group N P value between groups
n {female%} 602 [34.7%] 112 ]25%) 112 [25%] )|

Age (years) 64 (54-71) 66 {57-73) 66 (57-73) 09

BMI (kg/m?) 232 (212-255) 23,9 (22.0-26.7) 22,6 (20.9-25.1) 0.02

Cr (mg/dL) 14 (11-2.1) 19 (1.3-3.2) 18 (1.2-30) 06

Alb (g/dL) 4.0(3.7-4.2) 39(35-42) 4.0 (3.7-4.2) 008

eGFR (inl/min/1.73 m?) 48,1 (30.3-65.9) 346 (19.0-55.1) 35.6 (20.5-58.7) 0.6

uPro® (—//+/2+/~3+) 126/83/116/93/61 13/17/26/22/32 19/15/24/11/8 0.007

n, numbers of patients; DM, diabetes mellitus; values are the mean <+ SD or median (interquartile range) as appropriate. )
Note. serum creatinine in mg/dL may be converted to ymol/L by multiplying by 88.4, albumin in g/dL to g/L by multiplying by 10, eGFR in mL/min/1.73 m’ to mL/s/1.73 m? by

multiplying by 0.01667.
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Fig. 1. Differences in laboratory findings between the two groups stratified by CKD
stage. Differences between the two groups in corrected Ca {a), P (b). and CaP product
{c) Tevels by CKD stage. The broken line represents group N and the solid line group D.
Each bar represents the mean -+~ SD for group D or mean-SD for group N. Serum
corrected Ca in mg/dL may be converted to mmol:L by multiplying by 0.2495, P in mg/
db to mmol:L by multiplying by 0.3229.

vitamin D status. In all analyses, 1-84 PTH and FGF-23 levels were log-~
transformed because their distributions were skewed. Statistical tests
were two-sided, and P values of less than 0.05 were considered

significant. All statistical analyses were performed using JMP software,
version 7.0.2 (SAS Institute, NC, USA).

Results
Patient characteristics

A total of 602 subjects were analyzed, 34.7% (n=209) of whom
were female. Since there were 112 DM patients (group D), we
extracted age-, sex-, and eGFR-matched non-DM counterparts (group
N) to obtain a new cohort of 224 patients. The demographic factors
and laboratory data in each group are shown in Table 1, Compared
with group N, group D had higher body mass index (BMI) and more
severe proteinuria, though the difference between the groups in
serum albumin (Alb) was not statistically significant. Thirteen percent
of non-diabetic patients (14 out of 112) received statins, whereas 38%
of the diabetic patients (42 out of 112) received them. Only small
portion of diabetic patients (8 out of 112) had thiazolidinedione
prescribed, and 40% of the diabetic patients (46 out of 112) received
insulin therapy. Regarding diuretics, thiazide and loop diuretics were

a

1-84 PTH (pg/mL)

500
D versus N group P=0.4698
eGFR P=0.0166

1004 interaction (DM * eGFR) P=0.7863

104
1 H | 1 ]
CKD 1+2 CKD 3 CKD 4 CKD 5
b
FGF-23 (pg/mL)
5003
1004
104 D versus N group P=0.0615
] eGFR P<0.0001
1 interaction (DM} eGFR) P=0.1422
1 1 i 1 |
CKD 142 CKD 3 CKD 4 CKD 5

Fig. 2, Differences in phosphaturic hormones between the two groups by CKD stage.
Differences between the two groups in 1-84 PTH (a) and FGF-23 (b) level by CKD stage.
The broken line represents group N and the solid line group D. Each bar represents the
mean -+ SD for group N or mean-SD for group D. Serum 1-84 PTH levels in pg/mL and
ng/L are equivalent.
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Table 2

Multiple tincar regression avalyses for FGF-23.

{ndependent variable 2] SE T P

DM -0.1242 0.0312 —3.98 <0.001
Sex (femate) —-0.0637 0.0264 —-242 6.02
eGFR —0,0009 0.0015 -~ 6.06 <0.001
Log (1-84 PTH) 0.1357 0.0363 374 <0.001
P 03071 0.0394 780 <0.001
25D 0.0127 0.0044 2.89 0.004
125D -0.0092 0.0016 -~ 5,60 <0.001

R?==053

25D, 25-hydroxyvitamin D; 1250, 1,25-dihydroxyvitamin D: PTH, parathyroid
hormone.

Intercept =282

significantly more often used in group D (thiazide; 12% in group D, 4%
in group N, P<0.05, loop; 47% in group D, 13% in group N, P<0.0001).

Differences in serum Ca and P between groups stratified by renal function
We compared biochemical laboratory findings in the two groups.

Corrected calcium (Ca) was higher in group D (P=0.0027) than group
N through all CKD stages, and decreased in both groups as renal

a
25-hydroxyvitamin D (ng/mL)
35
301
25¢ — o B o
++ 4
20¢
151
D versus N group P<0.0001
10T eGFR P=0.029
5t interaction (DMkeGFR) P=0.0048
1 ] ] H

CKD 1+2 CKD 3 CKD 4 CKD S
1,25-dihydroxyvitamin D (pg/mL)
80
70k D versus N group P=0.0419
60k eGFR P<0.0001

interaction (DM} eGFR) P=0.4278
50
40+
30r
20+
10+
J
CKD 1+2 CKD 3 CKD 4 CKD 5

Fig. 3. Differences in vitamin D status and serum calcitriol level between the two groups
by CKD stage. Differences between the two groups in 25-hydroxyvitamin D (a) and
1,25-dibydroxyvitamin D {b)} level by CKD stage. The broken line represents group N
and the solid line group D. Each bar represents the mean -+ SD for group N or mean-SD
for group D, +, P<0.05; +4, P~0.01; results of post-hoc analysis for comparison
between groups within each CKD stage. Serum 25-hydroxyvitamin D in ng/mlL may be
converted to nmol/L by multiplying by 2.496; serum 1,25-dihydroxyvitamin D in pg/mL
to pmol/L by multiplying by 2.6.

function declined {P=0.0052). No significant interaction was detected
(Fig. 1a). Serum phosphate (P} was also significantly higher in group D
(P=0,0258), but increased in both groups as renal function declined
(Fig. 1b); once again, interaction was not significant. Consequently, Ca
P product, which was reported td be associated with the extent of
vascular calcification in hemodialysis patients [19-21}, was signifi-
cantly higher in group D (P==0.0018), and increased in both groups as
renal function declined. Again, no significant interaction was observed
(Fig. 1c).

Two phosphaturic hormones

in the same fashion, we examined the difference between groups
in two phosphaturic hormones, 1-84 PTH and full length FGF-23.
Levels of both hormones increased as renal function declined, with no
interaction observed, No significant differences were found in levels of
either phosphaturic hormone between the groups (Figs. 2a, b),
despite bigher serum phosphate level in group D. Moreover, there
was a trend toward lower FGF-23 in group D in early CKD (stages 1 +
2), though this difference decreased in late CKD. Thus, since group D
had significantly higher phosphate than group N, our finding that
group D had a borderline significantly lower FGF-23 overall (P=0.06)
was paradoxical. In this context, we examined the relationship
between DM and low FGF-23 by multiple regression analysis of FGF-
23 in the group of all enrolled patients, with adjustment for serum
phosphate (Table 2), and found that DM was significantly and

& N group
urinary protein

CKD stage
b Dgroup

P=0.02 (chi-square test)
P<0.0001 (Cochrane-Armitage trend test)
]

urinary protein

23+

2+

CKD stage

Fig. 4. The prevalence of proteinuria category as determined by dipstick test in each CKD
stage by DM status, Urinary protein was measured semiquantitatively by dipstick test.
(b) The differences in amount of proreinuria across CKD stages were significant in group
D (P=:0.02 by chi-square test) but not in group N {a). There was also a significant trend
toward increase in percentage of patients with urinary protein 2 3+ with progression of
CKD stage {P<0.0001 by Cochrane-Armitage trend test). NS means not significant.
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Table 3
Multiple linear regression analyses for 25-hydroxyvitam D.
Independent variable Model 1 Model 2
3 P 6] P
DM —1.6547 <0.001 —1.1502 <0.001
Sex (female) -0.8790 ~0.001 - 10879 «0.001
Log {1-84 PTH) - 1.1829 <0.001 —0.9413 0.001
Scason {spring and autumn) 0.0843 0.8 0.1139 0.7
Season {summer) 1.2824 <0.001 1.3004 <0.001
uPro {x) - - 03564 0.3
uPro (1+) - - —0.4953 0.1
uPro (2+) - - —0.8654 0.01
uPro (~3-) - - ~2.3371 ~0,001
R*=0n R#*=0.15

#, corrected R? for degree of freedom.
uPro, urinary protein; PTH, parathyroid hormone.

Reference of the seasons was set at winter, reference of uPro was no urinary protein, i.e. (-) by dipstick tests.

Model 1 is a« model without uPro, Model 2 with uPro.

independently associated with low FGF-23, with adjustment for
numerous confounders such as eGFR and serum phosphate.

Impact of DM and renal function on vitamin D status and calcitriol

Group D had poorer vitamin D status (Fig. 3a) with comparable
tevels of 1-84 PTH (Fig. 2b), leading to lower calcitriol levels in
comparison with group N (Fig. 3b). Marked difference between the
groups was observed in the association between CKD stage and serum
25-hydroxyvitamin D (25D) level. In group D, 25D decreased as renal
function declined, while in group N it was constant through ali CKD
stages (Fig. 3a, interaction P = 0.048). The percentage of patients with
proteinuria =+ 3 increased as renal function declined in group D
(P<0.0001 by Cochrane-Armitage trend analysis), but was constant in
group N (Fig. 4). It is known that in nephrotic syndrome 25D is lost in
urine with vitamin D binding protein {22]. Therefore, attributing the
difference in vitamin D status between the groups to their difference
in degree of proteinuria, we performed multivariate linear regression
analyses for 25D with adjustment for proteinuria. Model 2 including
proteinuria as an explanatory variable had a higher corrected R? for
degrees of freedom than model 1, which did not include proteinuria. In
both models, however, DM remained an independent factor for poor
vitamin D status (Table 3).

In order to confirm that lower serum calcitriol level in DM was due
to poorer vitamin D status, we constructed two multivariate models
for serum calcitriol with or without 25D, the substrate of 1,25-
hydroxyvitamin D {1,25D). Inclusion of 25D {Model 2) eliminated the
significant effect of DM on 1,25D found in Model 1 (Table 4).

Impact of DM on bone markers and bone mineral density
We could not observe any difference in serum BSAP or NTX level

between the two groups {data not shown). Neither did we observe
any difference in bone mineral density Z-score (at femoral neck or

lumbar spine) {(data not shown), although body mass index was
significantly higher in diabetic patients,

The percentage of prior cardiovascular disease in both groups

Twenty-three percent of diabetic patients (26 out of 112) had prior
cardiovascular disease (CVD) including myocardial infarction, angina
pectoris, myocardial ischemia, whereas only 5% of non-diabetic
patients (6 out of 112) had prior CVD.

Sensitivity analysis

As a sensitivity analysis, we made another matched non-DM group
consisted of 112 patients. The same results were obtained regarding
the differences in laboratory data between groups (data not shown).

Discussion

We investigated the effects of DM on laboratory parameters related
to CKD-MBD in this cross-sectional study with enroliment of a sex-,
age-, and eGFR-matched CKD cohort. The subjects of our study, who
were mainly ambulatory patients who had never been treated for
CKD-MBD, had never received vitamin D, estrogen, raloxifene, or
bisphosphonate.. The following findings were obtained: (1) Compared
with non-diabetic subjects, diabetic patients had higher serum
corrected Ca and P levels and comparable levels of 1-84 PTH despite
poor vitamin D status and higher serum P. (2) Multiple regression
analysis adjusted for serum P and eGFR revealed a relationship
between DM and low FGF-23. (3) Whereas serum 25D leve] was
constant across CKD stages in non-DM patients, it deceased in patients
with DM as CKD stage progressed. The relationship between poor
vitamin D status and DM remained robust even after adjustment for
degree of proteinuria. (4) Serum calcitriol was also significantly
decreased in DM patients, especially in advanced CKD. Multiple

Table 4
Multiple linear regression analyses Yor 1,25-dihydroxyvitamin D.
Independent variable Model 1 Model 2
i) P B P
DM —2.4657 0.007 —1.0258 0.2
eGFR 03864 <0.001 03941 <0.001
Log (FGF-23) - 6.7567 <0001 -~ 71915 <0.001
Log (1-84 PTH) 23939 0.02 3.7110 <0,001
25D - - 0.8793 <0.001
R** =040 R¥* =047

#, corrected R for degree of freedom.

250, 25-hydroxyvitamin D: FGF-23, fibroblast growth factor-23: PTH, parathyroid hormone.

Madel 1 is a inodel without 25D, Model 2 with 25D,
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regression analysis implied that poor vitamin D status was a reason for
the low serum calcitriol levels in DM.

Higher corrected serum Ca in DM was also reported in elderly
patients above age 70 in nursing homes {23}, Higher CaP product in
DM might be one of the reasons for the higher coronary artery
calcification score reported in predialysis DM patients [5]. Although it
is unclear how DM contributes to higher serum Ca despite lower
vitamin D status. More frequent prescription of thiazide diuretics in
group D might play a role in it. However, loop diuretics associated with
negative calcium balance was also used more often in group D.
Another possibility might be low bone turnover in DM. Inaba et al.
reported in an in vitro study that exposure to high glucose impaired
the response of huiman osteoblast-like cells to PTH [24} and 1,25D [25].
They also found that poor glycemic control impaired the response of
bone formation markers to exogenous calcitriol in patients with type 2
DM [26]. Although BSAP and NTX level was comparable between the
groups, we cannot say safely that low bone turnover was not present
in group D, since we lack data on serum osteocalcin, which is reported
to be negatively correlated with by HbA1c in diabetic patients [23]).
Therefore potential low bone turnover in DM may lead to low
buffering capacity of bone, resuiting in higher serum Ca and P. Since
FGF-23, one of the phosphaturic hormones, is produced mainly in
osteocytes [27] under conditions of high serum P level {2829].
Considering a report that body weight is positively associated with
serum FGF-23 {30}, group D patients with higher body weight should
have had higher serum FGF-23, however, we found a independentlink
between DM and low FGF-23. Given that the plasma half-life of this
hormone is in the range of 46-58 min |31}, low serum FGF-23 can be
attributed to its reduced production. Therefore, the finding of lower
FGF-23 level in DM in early stages of CKD despite higher serum P
implies that the function of osteocytes is disturbed or osteocyte
density is reduced in DM. This resuit can be otherwise interpreted as
indicating that impaired osteocyte function in DM resulted in
relatively low FGF-23 levels, leading to higher serum P. In fact,
osteocyte density was reported to be reduced in a rat model of acute
DM |32}, the mechanism of which may involve oxidative stress, as
reported in osteoblasts { 33]. It seemns likely that uremia overcomes the
effects of DM on FGF-23, resulting in comparable levels of FGF-23 in
subjects with and without DM in late stages of CKD.

In our analysis, we revealed the link between lower FGF-23 and
DM, which predisposes patients to high morbidity and mortality. Our
results are not inconsistent with previous literature arguing that high
serum c¢FGF-23 level at the initiation of hemodialysis therapy was
reported to be associated with higher mortality risk {34]. They
adjusted for DM in this brilliant manuscript, meaning that higher
serum cFGF-23 was associated with higher mortality risk in DM and
also in non-DM (regardless of diabetic state). They did not insist that
higher mortality in DM was due to higher FGF-23 level in them. In
fact, they did not show a result such that inclusion of FGF-23 into the
model attenuated or disappeared the deleterious effect of DM on
mortality.

A large difference in the dietary recipe between the group D and
group N might explain the difference in serum P. In early CKD stages,
no protein restriction was performed in diabetic patients, leading to
higher protein intake than in non-diabetic CKD patients. Because of
lower serum level of FGF-23 in CKD stage 1 + 2, urinary excretion of
phosphate might not compensate for this higher phosphate intake,
resulting in higher serum phosphate in this population.

Even though diabetic patients had higher serum P and lower 25D
and 1,25D levels, they had levels of 1-84 PTH comparable to those in
non-diabetic patients, suggesting that parathyroid function is aiso
impaired in predialysis DM patients. These results accord with the
finding of in vitro analysis that increasing medium concentration of
glucose caused suppression of PTH secretion by cultured bovine
parathyroid cells [35]. These findings together suggest that the
function of parathyroid cells and bone cells may be impaired in DM.

The progression of proteinuria with decrease in eGFR in DM
suggested that massive proteinuria is one of the reasons for poor
vitamin D status in advanced CKD in patients with DM. In fact,
inclusion of amount of proteinuria in the model increased the
corrected R? for degrees of freedom. However, the relationship
between DM and poor vitamin D status remained robust even after
adjustment for proteinuria. The relationship between low vitamin D
status and low insulin sensitivity reported for both the general
population {36} and CKD patients {37} is consistent with our findings.
As confirmed by multiple regression analysis, the low calcitriol level in
advanced CKD in patients with DM was due to low 25D level. A clinical
study reported that low 25D level at the initiation of hemodialysis is
associated with poor prognosis |38], and another observational study
by London et al. reported that nutritional vitamin D deficiency and low
1,25D could be associated with arteriosclerosis and endothelial
dysfunction [39]. Therefore, the poorer vitamin D status and lower
calcitriol level found in DM might contribute to the increased
likelihood of cardiovascular disease in diabetic patients. In fact, the
prevalence of the patients with prior CVD was as high as 23% in group
D, whereas only 5% in group N.

One of the limitations of our study is that it was cross-sectional.
We lack findings regarding the effects of control of blood glucose on
the parameters we measured, and are thus unable to determine
whether the DM-specific findings for laboratory parameters we
detected are due to high insulin resistance, low serum level of insulin
like growth factor-1, oxidative stress in DM, or high glucose level
itself. Since an experimental study revealed that intensive control of
blood glucose by insulin therapy resulted in improvement of bone
turnover in a mouse model of type 1 DM |13}, a clinical study in CKD is
clearly needed to determine whether lowering of blood glucose by any
agent will affect bone turnover or biochemical parameters associated
with it.

Our examination of predialysis patients revealed some impacts of
DM on laboratory abnormalities, one of the characteristics of CKD-
MBD, including higher CaP product through all stages of CKD, poorer
vitamin D status, lower serum calcitriol level in advanced CKD, and
lower FGF-23 level. Poor vitamin D status and low calcitriol level in
DM could bring about functiona! changes in the vasculature mediated
by endothelial dysfunction, and high CaP product in DM could bring
about structural changes in the vasculature, i.e. vascular calcification,
another aspect of CKD-MBD. The finding of comparable levels of two
phosphaturic hormones in subjects with and without DM despite
higher phosphate and poor vitamin D status in those with DM implies
impairment of bone and parathyroid function in DM.
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Clinicopathblogical Study of Expression of Lymphatic Vessels in
Renal Allograft Biopsy After Treatment for Acute Rejection

K. Oka, Y. Namba, N. Ichimaru, T. Moriyama, M. Kyo, Y. Kokado, E. imai, and S. Takahara

ABSTRACT

Background. Lymph vessel expression is related to inflammatory cell infiltration, around
renal tubules in acute rejection episodes (ARE) of transplanted kidneys. However, there
is little information on the lymph vessels after treatment of an ARE, particularly in relation
to renal function and histological findings.

Patients and Methods. We investigated 13 cases of ARE diagnosed by kidney transplant
biopsy performed from 1997 to 2005 within 3 years of transplantation. Treatment of the ARE lead
to an improved serum creatinine level in all cases. There was neither an ABO-incompatible nor an
acute humoral rejection case. Lymphatic vessels in re-biopsies were examined using immunohis-
tochemical staining with D240 antibody that detected lymphatic endothelium. Re-biopsy cases in
which the baseline creatinine had increased by more than 20% despite treatment were
considered the severe group; the others, as the stable group. The relation between lymphatic
vessel density (LVD) and renal function was examined using Banff scores.

Resuits. LVD was significantly higher in the severe than the stable group. The expression
of lymph vessels versus the Banff score showed a direct relation: greater Banff scores
showed higher expressions of lymph vessels.

Conclusions. The expression of lymph vessels in renal allograft specimens after treat-
ment of an ARE was related to deterioration of renal function and inflammatory cell
invasion. We plan a further examination of the relationship between the expression of

lymph vessels and long-term prognosis.

EVERAL NEW, RELIABLE antibodies have been pro-
duced to show lymphatic vessels. In the human kidney,
lymph vessels are present around arterial branches at the level
of the interlobular arteries, but not in peritubular spaces or
around glomeruli." It has been reported that lymphatic neo-
angiogenesis is associated with cellular infiltration. In renal
allograft cases of acute rejection episodes (ARE), lymphatic
neoangiogenesis is located in peritubular spaces and around
glomeruli.! Lymphatic neoangiogenesis appears soon after
transplantation.” It has been speculated that lymphatic neo-
angiogenesis contributes to cell drainage maintaining alloim-
mune responses to the graft.! In this study, we examined the
clinicopathological significance of lymph vessel expression in
renal allograft tissue biopsies after treatment of an ARE.

METHODS
Patients and Tissue Samples

We have performed 671 renal allograft biopsies from 1997 to 2005,
including 39 in patients diagnosed with ARE greater than grade 1.

0041-1345/09/$-see front matter
doi:10.1016/j.transproceed.2009.09.067
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Furthermore, among 39 patients who had ARE treated fewer than
3 years prior, 13 subjects underwent protocol biopsies. (Table 1).

Their mean serum creatinine (s-Cr) at ARE was 2.1 + (.6
mg/dL. Following ARE, treatment s-Cr improved in all cases and
no case showed ARE upon a re-biopsy. Cases in which s-Cr
increased more than 20% after treatment at re-biopsy were con-
sidered the severe group; whereas, other cases were the stable
group. There was neither an ABO-incompatible nor an acute
humoral rejection case. The study protocol was approved by our
ethics committee. Written informed consent was obtained from
each patient who underwent a biopsy. No patient suffered from
diabetes mellitus.
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EXPRESSION OF LYMPHATIC VESSELS

Table 1. Clinical Finding Profiles of Patients

Sex Male 7, female 6

Grade of AR AR-IA, 9; AR-IB, 1; AR-IIA, 3

Days after transplantation to AR onset 107 = 128
Period from diagnosis of AR to re-biopsy {y} 1.9 + 1.2

Abbreviation: AR, acute rejection.

Immunohistochemistry

Lympbatic vessels were detected in paraflin sections using an
antibody against lymphatic endothelivum—the mouse moenoclonal
anti-N2-40 immunoglobulin G (#17730-23, Signet Laboratories
Inc.). This novel monoclonal antibody recognizes a Mr, 40,000
O-linked sialoglycoprotein that reacts with a fixation-resistant
epitope in lympbatic endothelium. D2-40 has been described as a
reliable marker for lymphatic endothelium in paraffin-embedded
tissue, It binds 1o human podoplanin.

Immunohistochemical staining for D2-40 was performed as
described previously: histological specimens fixed in 109% butfered-
formalin were routinely processed for parafiin embedding, and
serial 2-pm sections that were deparafiinized, were heated in an
autoclave in 0.01 M citric acid buffer (pH 6.4; 121°C/15 min),
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incubated with 0.3% hydrogen peroxide in methanol for 15 minutes
at room temperature to inhibit endogenous peroxidase activity, and
washed in 0.05 M phosphate buffer (pH 7.6) 3 times for 3 minutes
al room temperature before treatroent with PBA for 5 minutes to
block nonspecific staining. The sections were incubated with the
mouse antihuman D2-40 monoclonal antibody (1:500) overnight at
4°C., After washing in 0.05 M phosphate buffer (pH 7.6) 3 times at
room lemperature for 3 minutes, they were processed using an
avidin-biotinylated peroxidase complex method (Vectastain ABC
kit, Vector Laboratories, lnc, Burlingame, California, United
States) with diaminobenzidine as the chromogen and counter-
stained with hematoxylin.

Quantitative Analysis of D2-40 Staining

The expression level of lymphatic vessels was evaluated based on
the method previous reported by Yamamoto et al.” The lymphatic
vessel density (LVD) in biopsies was quantified as the number of
D2-40 positive vascular profiles per unit area of the cortex using
image analysis (MacScope). The analyses were performed by two of
the authors (K.O., Y.N,) without prior knowledge of patients’
characteristics.

Fig 1. Stable group [(A) PAS staining X 100, (B} immunohistochemistry staining of D2-40}. Severe group [{C} PAS staining x 100,
{D) immunohistochemistry staining of D2-40].
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Histological Evaluation

We used the Banfi97 system to evaluate renal allograft biopsies and
to explore a relation to LVD and renal function.

Statistical Analysis

Results were expressed as mean values = SEM. The Mann-
Whitney U test was used to compare unpaired means of the
2-groups with differences evaluated using Stat View software
(Abacus Concepts Inc., Berkeley, California, United States). P
values <.05 were considered to be significant.

RESULTS

Among 13 patients, the stable group included 10 patients,
and the severe group, 3 patients. The expression of lymph
vessels in the stable group was mainly observed around
blood vessels. In the severe group, it was recognized around
cortical renal tubules, in addition to blood vessels (Figure
1). LVD was significantly higher among the severe com-
pared with the stable group (Figure 2). Cases in which the
Banff i score indicated higher degrees of mononuclear cell
interstitial inflammation showed greater lymph vessels ex-
pression (Figure 3). Because all of the other Banff scores
were 0, no comparisons could be performed for these
examinations. Table 2 shows the real numbers or scores for
lymphatic vessels or Banff scores.

DISCUSSION

We examined the expression of lymph vessels after treat-
ment of an ARE, showing that patients in whom renal
function showed a 20% increase of s-Cr displayed greater
expression of lymph vessels upon re-biopsy. The expression
of lymph vessels was related to interstitial cell infiltration in
terms of the Banff i score. The cases in which renal function
was stable after treatment displayed little expression of
lymph vessels around renal tubules.

There are several reports of the relationship between
interstitial cell infiltration and the expression of lymph
vessels in renal allograft specimens during an ARE.'~* The
expression of lymph vessels has been immediately recog-
nized in inflammatory cell invasion.? Although it may be a
speculation because examined specimen were only obtained
after treatment, we considered that specimens from cases in
which inflammation had disappeared would also show
disappearance of lymph vessel, and that specimens showing
persistence of inflammation would also show persistence of
lymph vessel expression. Stuht et al.? reported that intersti-
tial cell infiltration without lymphatic neoangiogenesis was
related to renal function degeneration upon protocol biop-
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Fig 2. Comparison of lymph vessel density between the stable
group and the severe group.

sies. This observation contradicts our result; however, the
difference may depend on the fact that we used episode
biopsies, whereas they used protocol biopsies.

In conclusion, the expression of lymph vessels in renal
allograft specimens after treatment of an ARE was related
to deterioration of renal function and inflammatory cell
invasion. We plan to examine the relation of lymph vessel
expression to long-term prognosis.
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Table 2. The Real Numbers or Scores for Lymphat Vessels or

Banff Scores

Group LVD/mm? t i ot ci

1 Severe 13.36 1 1 1 0
2 Severe 7.60 0 1 1 1
3 Severe 2.57 0 1 1 0
4 Stable 8.59 0 1 0 1
5 Stable 4.33 0 1 1 0
[ Stable 4.32 0 1] 0 0
7 Stable 3.21 0 0 0 0
8 Stable 2.96 0 0 o] 0
9 Stable 2.91 [¢] o] 0 0
10 Stable 2.50 [¢] 0 0 0
11 Stable 237 0 1 0 0
12 Stable 0.83 0 0 0 0
13 Stable 0.66 0 0 4] 0

Abbreviations: ¢i, xxx; ct, xxx; i, xxx; LVD, lymphatic vessel density; t, xxx.
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