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ating the initiation and progression of vascular lesion forma-
tion.”*2> In contrast to these well-characterized processes
within the vessel wall, changes in the adventitia during
vascular remodeling have been largely neglected.

The adventitial and periadventitial tissues are composed of
various cell types including adipocyltes, vascular cells, mac-
rophages, T cells, mast cells, and fibroblasts.26-3 It was
demonstrated that perivascular adventitial adipose tissue re-
leases a transferable adventitia-derived relaxing tactor that
acts by tyrosine kinase~dependent activation of K' channels
in vascular SMCs.3! Recent reports showed that periadventi-
tial fal secreles various kinds of chemokines and might
contribute to the progression of obesity-associated atheroscle-
rosis.? Epicardial adipose tissue has been reported to be a
source of inflammatory mediators??* and is an indicator of
cardiovascular risk.3 Quile recently. Chatterjee et al reported
that perivascular adipocytes exhibit reduced differentiation
and proinflammatory state, suggesting that dysfunction of
perivascular adipose tissues induced by fat feeding may link
metabolic signals to inflammation in the blood vessel wall.?s
Patients with obesity'* and coronary artery disease?® have low
plasma APN levels. It was suggested that perivascular adipo-
cytes loose activities to secrete APN in obesity, leading to
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Figure 5. APN suppresses the PDGF-BB-induced increased
SMC numbers through AMPK. Number of SMCs (percentage of
growth) was evaluated by MTS assay. Pretreatment with APN
suppressed the increased SMC numbers induced by PDGF-BB
{20 ng/mL) but did not modify SMC numbers without PDGF-BB.
Transduction with dn-AMPK reversed the suppressive effects of
APN on increased SMCs number induced by PDGF-BB. In con-
trast, transduction with ca-AMPK suppressed increased SMC
numbers induced by PDGF-BB. The data from 3 independent
experiments are shown as means+SEM. *P<20.05, »*P<0.01.

Figure 4. The effect of conditioned medium from sub-
cutaneous fat of STD and HF/HS mice on SMCs. A,
Number of SMCs (percentage of growth) was evalu-
ated by MTS assay. The conditioned medium from the
subcutaneous fat of STD mice (WT), but not of HF/HS
mice (WT), attenuated increased SMCs number
induced by PDGF-BB {10 ng/mL). The conditioned
medium of HF/HS fat increased SMC number. Pre-
treatment of anti~TNF-« antibody suppressed the
increased SMCs number. The conditioned medium
from the subcutaneous fat of APN-deficient mice
increased SMCs number compared with conditioned
medium from STD subcutaneous fat. B, APN protein
levels were significantly higher in the conditioned
medium from STD mice than in that from HF/HS mice.
The data from 3 independent experiments are shown
as means*SEM. *P<0.05, *P<0.01, ™P<0.001.

hypoxia, inflammation, and oxidative stress.?” These results
suggested that perivascular fat may play a role in increcased
risk of cardiovascular discase in obese individuals. However,
the physiological and/or pathological role ol perivascular
adipose tissue in the maintenance of vascular homeostasis
and in pathological vascular remodeling remains to be
elucidated.™

In this study, we provide direct evidence that perivascular
fat may protect against neointimal formation after angioplasty
under physiological conditions and that inflammatory
changes in the periadventitial fat may have a direct role in the
pathogenesis of vascular discase accelerated by obesity. It
was suggested that APN secreted from perivascular fat may
play a prolective role in neointima formation of the adjacent
artery in situ after vascular injury in lean mice.

We made efforts to transplant periadventitial {at from one
blood vessel to the other. However, it was impossible to
obtain enough amount of periadventitial fat for the transplan-
tation to coat the artery of another mouse. Alternatively, in
this study, we implanted subcutaneous or visceral fat from
other mice around the wire-injured femoral artery after
removal of endogenous perivascular fat. Qur experiments
using subcutaneous or visceral fat transplantation from the
mice fed on STD or HF/HS diet successfully demonstrated
the importance of adipose tissues in perivascular area in
regulating ncointima formation in the injured vesscl via
paracrine elfects of adipocytokines. Consist with notion, local
delivery, but not systemic administration, of APN to perivas-
cular area effectively inhibited neointima formation.

In summary, we provide direct evidence that obesity
increases periadventitial adipose tissue inflammation and
may contribute to pathological vascular remodeling in re-
sponse to injury. Our findings support the notion that changes
in periadventitial adipose tissue may have a role in obesity-
associated cardiovascular complications. The results de-
scribed here suggest the previously unappreciated role of
periadventitial fat in the regulation of vascular remodeling.
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Material and Methods

Immunohistochemical staining

Paraffin-embedded sections (4-pm thick) were deparaffinized and blocked using 2% rabbit or horse serum.
The sections were then incubated with anti-CD31 antibody (BD Pharmingen), followed by incubation
with avidin-biotin complex and Vector Red substrate (Vector Laboratories). Sections were counterstained

with hematoxylin.
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Online supplement Figure 1

Fat transplantation induced neovascularisation around the artery
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Fat transplantation induced accumulation of vascular endothelial cells around the artery.
Immunohistochemical analysis showed accumulation of CD31-positive vascular endothelial cells (arrows)

within periadventitia in fat transplantation mice at one week. Scale bar, 50 um. Results are expressed as

mean + S.E.M. ***P<(,01. n=6.



Online supplement Figure 11
Transplantation of subcutaneous or visceral fat from standard chow diet (STD) or high fat high

sucrose diet (HF/HS) mice after removal of perivascular adipose tissue
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Morphometric analysis of injured femoral arteries at 4 weeks. Subcutaneous or visceral fat from STD
(n=6 each) or HF/HS mice (n=6 each) was transplanted after removal of endogenous periadventitial
adipose tissue. Results are expressed as mean = S.E.M. *P<0.05, **P<0.01, NS, not statistically

significant.
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Online supplement Figure III

Obese and visceral fat induced inflammatory changes in adipose tissue
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Expression of mRNA in subcutaneous and visceral fat from STD (n=3 each) and HF/HS (n=3 each)
wild-type C57BL6 mice. Expression level was assessed by real-time PCR normalized to GAPDH level.
Results are expressed as mean = S.E.M. *P<0.05. STD, standard chow diet. HF/HS, high fat high sucrose

diet.
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ORIGINAL ARTICLE  Ischemic Heart Disease

Long-Term Follow-up of Neointimal Coverage
of Sirolimus-Eluting Stents
—— Evaluation With Optical Coherence Tomography —

Ken-ichi Ishigami, MD; Shiro Uemura, MD; Yoshinobu Morikawa, MD; Tsunenari Soeda, MD;
Satoshi Okayama, MD; Taku Nishida, MD; Yasuhiro Takemoto, MD; Kenji Onoue, MD;
Satoshi Somekawa, MD; Yukiji Takeda, MD; Hiroyuki Kawata, MD;

Manabu Horii, MD; Yoshihiko Saito, MD

Background: Late stent thrombosis related to delayed neointimal growth is a major concern after drug-eluting
stent (DES) implantation. The time course of neointimal growth and risk factors of uncovered stent struts after
sirolimus-eluting stent (SES) was studied using optical coherence tomography (OCT).

Methods and Results: The 60 patients were enrolled and classified into G1 (follow-up period <9 months, n=27),
G2 (9-24 months, n=18), and G3 (>25 months, n=15). The time elapsed since SES implantation was associated
with a significant increase in mean neointimal area and neointimal thickness, and also with a significant decrease
in the number of uncovered stent struts (G1: 14.8%, G2: 11.7%, and G3: 4.1%, P<0.001). However, only 17.6%
of implanted SES was completely covered by neointima, even in the G3 period. Small-diameter SES, complex
coronary lesions with lipid and calcium content adjacent to stent struts, and diabetes predicted delayed neointimal
coverage of SES strats in G1.

Conclusions: Neointima inside SES progressively increases after the routine follow-up period, but only a few
SES were completely covered at 3 years after implantation. OCT is a useful modality for assessing neointimal
formation after SES implantation, and may give important information about the strategy of antiplatelet therapy

Cire J 2009, 73: 2300-2307

after DES implantation.  (Circ J 2009; 73: 2300-2307)

Key Words: Antiplatelet therapy; Drug-eluting stents; Optical coherence tomography; Thrombosis

stents (DES) inhibit neointimal proliferation and

reduce the risk of in-stent restenosis.)-2 However,
there have been major concerns regarding the potential
development of late stent thrombosis related to delayed
neointimal formation over the struts of the DES and the
discontinuation of dual antiplatelet therapy.? Although the
incidence of DES thrombosis is reported to be less than
1% .48 the incidence of death or myocardial infarction asso-
ciated with this thrombosis is greater than 60% .9 and related
mortality rates range from 20% to 45%.5-10 In 2008, the
AHA/ACC/SCAT recommended that dual antiplatelet drug
therapy should continue for at least 12 months after DES
implantation if patients are not at high risk of bleeding,"!
longer than had previously been suggested. In order to
establish guidelines for the safe cessation of antiplatelet
therapy after DES implantation, a large randomized clinical
trial should be performed. Furthermore, it seems important
to know whether adequate neointimal coverage of DES has
been achieved before stopping dual antiplatelet therapy,
especially the thienopyridines. With this clinical perspec-
tive, several intravascular ultrasound (IVUS) studies have

Recent clinical trials have proved that drug-eluting

sought to evaluate the neointimal coverage of sirolimus-
eluting stent (SES), but they have revealed that IVUS is
unable to detect the neointimal layers covering the struts of
most DES, even at long-term follow-up, because of its rela-
tively low spatial resofution.!?

Editorial p2210

Intravascular optical coherence tomography (OCT) is a
newly developed intravascular imaging modality with a
maximal spatial resolution of 10zm,!3-15 which is approxi-
mately 10-fold higher than that of IVUS. The aim of the
present study was to use intravascular OCT to analyze the
time course of neointimal coverage of SES in the chronic
phase, and to identify the predictive factors influencing
delayed neointimal coverage of stent struts.

Methods

Study Population
From September 2006 to January 2009, we enrolled 60
patients (50 men, 10 women) with coronary artery disease
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OCT Evaluation of SES
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Figure 1. OCT images of strut apposition and neointimal coverage of a sirolimus-eluting stent. (A) Strut apposing the
vessel wall and covered by neointimal tissue. (B) Strut apposing the vessel wall, but not covered by neointimal tissue.
(C) Strut not apposing the vessel wall (arrows). Bidirectional arrow indicates the distance between the center reflection of
the strut and the internal margin of the vessel wall just behind the strut. Arrows indicate the struts.

who had previously received SES in native coronary
arteries. At the time of SES implantation, the endpoint of
deployment was determined by angiography. All patients
enrolled in this study underwent routine angiographic
follow-up within 8 months after SES implantation, and
27 patients also underwent OCT study at that time. The
remaining 33 patients voluntarily underwent an OCT study
and concomitant second coronary angiography from several
months to 43 months after the completion of the first follow-
up angiography by accepting the purpose of the present
study. None of the patients underwent OCT study more
than twice. Patients were excluded from the study if they
had left main or ostial coronary lesions, congestive heart
failure, or renal insufficiency with baseline serum creatinine
>2.0mg/dl.

Patients were classified into 3 subgroups according to
time since SES implantation: G1 (<9 months, 27 patients),
G2 (9-24 months, 18 patients) and G3 (2543 months, 15
patients). All patients were taking aspirin (100 mg/day) and
ticlopidine (200 mg/day) for at least 8 months after SES
implantation, after which all patients were taking aspirin
100 mg/day, except 1 patient in the G3 group who was
taking only ticlopidine.

For the purpose of assessing coronary risk factors, hyper-
tension was considered to be present if a patient’s blood
pressure was >140/90 mmHg, or antihypertensive medica-
tion was being taken. Diabetes mellitus was considered
present if the patient was taking glucose-lowering medica-
tions or insulin, or the fasting plasma glucose concentration
was >126 mg/dl. Dyslipidemia was considered to be present
if a patient’s low-density lipoprotein level was >120mg/dl
or the patient was taking statins.

This study was approved by the Ethical Committee of
Nara Medical University (2006-2020), and written informed
consent was given by each patient.

Angiographic and OCT Image Acquisition

The OCT system used in the present study has been
described previously. !¢ After routine coronary angiogra-
phy, an intravascular OCT catheter (ImageWire, LightLab
Imaging, Westford, MA, USA) was inserted through a 6 or
7Fr guiding catheter into the target coronary arteries beyond
the implanted SES. After complete vasodilatation of the
coronary artery by nitroglycerin (0.5 mg), OCT images were
recorded during continnous infusion of Lactated Ringer’s
solution at 0.5ml/s through the occlusion catheter (OBC,

Ciradlation Journal  Vol. 73, Decenber 2009

LightLab Imaging) in order to remove blood from the field
of view and allow clear visualization of the vessel wall.
The coronary occlusion time for each OCT imaging was
less than 40s. Serial OCT images were obtained using an
automatic pullback device at arate of 1.0mm/s. The images
were processed and analyzed using proprietary software
from LightLab Imaging.

OCT Data Analysis

OCT images were analyzed by 2 independent observers
who did not know the patients’ clinical background or angi-
ographic lesion characteristics. For the assessment of neo-
intimal coverage of stent struts, cross-sectional OCT images
were obtained at 1-mm intervals (every 15 frames) from
the distal to proximal ends of each implanted SES. For
each cross-sectional OCT image, the surface of every strut
was examined and then classified into 1 of 3 categories: (1)
strut apposing vessel wall and covered by neointimal tissue,
(2) strut apposing vessel wall, but not covered by neointi-
mal tissue, or (3) strut not apposing vessel wall (malapposi-
tion). Because the thickness of the SES struts is 140.m,
and the maximal spatial resolution of OCT ranges from 10
to 30m, malapposition of the stent strut to the vessel wall
was defined as the presence of more than 170.m between
the center reflection of the strut and the internal margin of
the vessel wall just behind the strut. We excluded segments
that overlapped or were located in side branches, and also
images with poor quality. Representative OCT images are
shown in Figures 1A-C.

For each implanted SES, planimetric measurement of
neointimal thickness (NIT) and area (NIA) within the SES
was performed. NIT and NIA were measured every 1 mm
from the distal to the proximal ends of each SES. Stent area
and lumen area in every image were measured by manual
tracing.

We also evaluated the tissue characteristics of the vas-
cular wall attached to the SES strut every I mm from the
distal to the proximal ends of each SES. Because the image
Just behind strut was impossible to determine because of
the shadow artifact of the strut, tissue characteristics adja-
cent to the edge of the shadow artifact were analyzed and
classified into 1 of 3 categories: (1) intimal layer consisting
of simple fibrous tissue, (2) intimal layer containing lipid
and fibrous tissue, and (3) intimal layer containing calcifi-
cation and fibrous tissue. Discernment of specific tissues
with OCT was accomplished using the definitions of Kume
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Table 1. Patients’ Baseline Characteristics

ISHIGAMI K et al.

G1 (5-8 months) G2 (9-24 months) G3 (25-43 months) P value
Clinical background
No. of patients ; 27 18 15
Time to OCT procedure (months) 7.120.8 13.8£3.6 32.635.6
Age. years 63.0£10.4 63.419.6 65.1£10.3 0.52
Men (%) 21(77.8%) 15 (83.3%) 14 (93.3%) 043
ACS (%) 4 (14.8%) 3(16.7%) 3(20.0%) 0.91
Risk factors
Dyslipidemia. n (%) 16 (59.3%) 12 (66.7%) 9 (60.0%) 0.87
Hypertension.® n (%) 16 {59.3%) 12 (66.7%) 9 (60.0%) 0.87
Diabetes mellitus.t n (%) 13 (48.1%) 9 (50.0%) 8 (33.3%) 0.94
Smoking. n (%) 16 (59.3%) 12 (66.7%) 8 (33.3%) 0.73
HDL-cholesterol (mg/dl) S4£16 52£16 49%15 0.60
LDL-cholesterol (mg/d}) 121£29 108+25 110430 0.26
Triglyceride (mg/d}) 11745 112452 98436 0.49
Procedural background
No. of stents 28 21 17
LAD/LCX/RCA, (n) 15/10/3 12/4/5 6/417 0.15
AHA type of lesion
A/B1.(n) 1/8 0/5 0/7
B2/C. (n) 12/7 10/6 6/4
Stent diameter (mm) 2.75£0.29 2.97+0.34 2.85+0.36 0.10
Stent length (mm) 20.4%5.32 22.9+5.28 20.5+5.10 0.21
Max. inflation pressure (atm) 18.443.73 16.84+4.20 18.1£3.90 0.59

*Defined as systolic and diastolic pressure >140 mmHg and/or >90 mmHg. respectively. or subject taking antihypertensive medica-

tion.

*Based on use of glucose-lowering medications and/or insulin or if fasting plasma glucose >126 mg/dl.
OCT. optical coherence tomography: ACS. acute coronary syndrome: HDL. high-density lipoprotein: LDL. low-density lipoprotein:
LAD. left anterior descending: LCX, left circumflex: RCA. right coronary artery: AHA. American Heart Association.

Table 2. Quantitative Analysis of OCT Images

G1 (5-8 months)

G2 (9-24 months) (3 (25-43 months)

No. of patients 27 18 15
No. of stents 28 21 17
MLD (mm) 2.85+0.37 3.01+0.41 2.97+0.43
LA (mm?) 6.23+1.12 6.84+1.48 6.43£1.56
SA (mm?) 6.86+1.36 7.71£1.62 7.58+£2.02
NIA (inm?) 0.63£0.17 0.87+0.447 1.1540.54*
NIT {(nm) 53.4423.9 70.1:40.6 98.6:+40.2*
No. of stent struts counted 3.531 2,735 2.209
Malapposition. n (%) 49 (1.4%) 15 (0.5%) 7(0.3%)*
Uncovered strut, n (%) 523 (14.8%) 320 (11.7%) 91 (4.1%)*+
Fully covered stent. n (%) 2/28 (1.1%) 1721 (4.8%) 3/17(17.6%)
Thrombus. n (%) 2 (71.1%) 0 1(5.9%)

*P<0.001. G1 vs G3: tP<0.05. G1 vs G2: P=0.01. G2 vs G3.
MLD. minimum lumen diameter: LA, lumen area: SA. stent area: NIA. neointimal area; NIT. neointimal thickness. Other abbrevia-

tion see in Table 1.

et al.'” In order to validate the assessment of tissue charac-
teristics adjacent to the stent strut, 2 observers compared
the first or last cross-sectional image showing both ends of
the stent and the cross-sectional image just one frame distal
or proximal to the target image.

Statistical Analysis

Continuous data are expressed as meanstSD. Baseline
characteristics and measurements were analyzed using the
Pearson chi-square test or 1-way ANOVA, as appropriate.
Univariate and multivariate regression analysis was con-
ducted to determine the independent variables for a higher
rate of uncovered stent struts (more than the median value
of each group). For the assessment of interobserver vari-
ability of plaque diagnosis, we calculated Cohen’s kappa
coefficient. Statistical analysis was performed with StatView
5.0 software (SAS Institute, Cary, NC, USA). A P value

<0.05 was specified as the confidence level for statistical
significance.

Results .

Baseline Characteristics
Clinical and procedural background data for the patients
classified by follow-up period are listed in Table 1.
Diagnostic examination was performed 5-43 months
after SES implantation. The average time between stent
implantation and OCT imaging follow-up was 7.1+0.8
months in the routine follow-up group (G1: 5-8 months),
13.8£3.6 months in the mid-term follow-up group (G2: 9~
24 months), and 32.6£5.6 months in the long-term follow-
up group (G3: 25-43 months).
No significant differences in demographic or baseline
characteristics, including coronary risk factors, were found
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Figure 2. Thrombus formation in a sirolimus-eluting stent. (A) Thrombus on a stent strut not covered by neointimal
tissue. (B) Thrombus on a stent strut covered with neointimal tissue. Arrows indicate thrombus.

Table 3. Clinical and Procedural Background and Percentage of Uncovered Stent Struts in G1

Clinical background Rate of uncovered struts (%) P value
Diabetes, +/— 18.7/12.0 0.018
Hypertension, +/— 15.4/14.2 0.69
Dyslipidemia. +/- 14.8/15.1 0.92
Smoking, +/- 13.9/16.6 0.39
Stent diameter, 2.5 mm/3 or 3.5 mm 18.9/11.3 0.009
Stent length, <18 mm/>18 mm 17.1/12.6 0.13
Stented coronary artery LAD/LCX/RCA 13.9/16.2/15.3 0.78
AHA lesion type, A/B1/B2/C 11.3/11.6/16.6/17.7 0.39

Abbreviations sce in Table 1.

between groups. The treated vessel segments were dis-
tributed as follows: 30 left anterior descending lesions
treated with 33 stents, 18 left circumflex lesions treated with
18 stents, and 15 right coronary artery lesions treated with
15 stents. The 3 follow-up groups did not differ signifi-
cantly in terms of implanted stent diameter or length. In
the present study, none of the SES exhibited angiographic
restenosis as defined by more than 50% luminal loss. None
of the patients in this study developed coronary events
related to stent thrombosis.

Changes in Neointimal Coverage After SES Implantation
OCT findings for each follow-up period are summarized
in Table 2. OCT images of 66 SES were obtained from 60
patients, and the total number of evaluated stent struts was
8,475 (3,531 struts in G1, 2,735 in G2, and 2,209 in G3).
There were no significant differences in minimal lumen
diameter, lumen area or stent area among the 3 groups. Both
mean NIA and NIT increased significantly with the length
of follow-up period (NIA: G1 0.63£0.17mm?, G2 0.87%
0.44mm?2, G3 1.1520.54 mm2, P=0.001; NIT: G1 53.4%
23.9,m, G2 70.1£40.6m, G3 98.6+40.2,m, P<0.01). A
longer follow-up was associated with a significant decrease
in the percentage of incompletely apposed stent struts (Gl
1.4%, G2 0.5%, G3 0.3%, P<0.01) and uncovered stent
struts (G1 14.8%, G2 11.7%, G3 4.1%, P<0.01). However,
even in the G3 group, only 17.6% of SES were completely
covered by neointimal tissue. We observed thrombus for-
mation on 3 stents (4.5%), even with antiplatelet therapy,
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2 thrombi attached to uncovered stent struts (Figure 2A),
and another thrombus located on the neointimal tissue over
the stent strut (Figure 2B).

Clinical Factors Influencing Neointimal Coverage
Table 3 shows the relationship between coronary risk
factors and the percentage of uncovered SES struts in the
G1 patient-group. Patients with diabetes had a significantly
higher percentage of uncovered stent struts than those with-
out diabetes (19.7% vs 11.4%, P<0.01), but this percentage
was not influenced by smoking, dyslipidemia, or hyperten-
sion. In both the G2 and G3 groups, clinical parameters did
not correlate with the percentage of uncovered rate of SES
strut (data not shown).

The relationship between procedural indices of percuta-
neous coronary intervention (PCI) and the percentage of
uncovered stent struts in the G1 group was also examined.
Small diameter stents (2.5mm) were associated with a sig-
nificantly higher percentage of uncovered struts than larger
diameter stents (3.0 and 3.5mm; 19.7% vs 10.8%, P<0.001).
Complex coronary lesions (AHA type B2/C) had a higher
percentage of uncovered stent struts than simple coronary
lesions (AHA type A/B1), but this difference did not reach
statistical significance. In the G2 group, smaller diameter
stents also showed a significantly higher rate of uncovered
struts compared with larger stents (15.4% vs 10.5%. P<0.05),
but no procedural parameters correlated with the uncovered
rate in the G3 group (Table 3).

Multiple linear regression analysis revealed that a smaller
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Table 4. Univariate and Multivariate Analyses for Predicting Higher Rate of Uncovered Struts

Gl G2 G3
Univariate Multivariate Univariate Univariate

Diabetes 0.02 0.85 0.90 0.43
Hypertension 0.67 0.87 0.69
Dyslipidemia 0.30 0.21 0.43
Smoking 0.15 0.18 0.55
Stent diameter 0.0012 0.028 0.01 0.69
Stent length 0.06 0.63 0.25
AHA lesion type 0.29 0.40 0.38

Abbreviation see in Table 1.

Figure 3. Representative optical coherence tomography images of vascular wall attachment to a sirolimus-eluting stent.
(A) Fibrous tissue marked by a thickened intimal layer with a homogeneous, signal-rich texture. (B) Lipid-rich tissue with
homogenous, diffusely bordered, signal-poor regions with overlying signal-rich bands at 5-7 o’clock (curved line indicates
the region of lipid accumulation). (C) Calcified tissue with sharply delineated, signal-poor or signal-rich regions. Arrow-
heads indicate the border between fibrous tissue and calcium deposits. Arrows indicate the stent struts in each panel.

Table 5. Coronary Arterial Lesion Characteristics and Rate
of Uncovered Stent Struts

Fibrous Lipid Calcium

Gl
No. of stent struts 3.446 39 46
No. of uncovered struts 494 1 18
Rate of uncovered struts (%) 14.3 28.2% 39.1t
G2
No. of stent struts 2.678 22 35
No. of uncovered struts 302 6 12
Rate of uncovered struts (%) 11.3 27.2* 34.2t
G3
No. of stent struts 2.141 23 45
No. of uncovered struts 85 2 4
Rate of uncovered struts (%) 4.0 8.7 8.9

*P<(0).05 vs Fibrous, 'P<0.01 vs Fibrous.

diameter stent was an independent predictor for a higher
rate of uncovered struts in the G1 group (F=5.5, P<0.001)
(Table 4).

OCT-Based Tissue Characteristics of the Vascular Wall
and Uncovered Stent Struts

Figure 3 shows representative OCT images of various
tissue characteristics of the arterial wall adjacent to stent
struts: a stent strut located on simple fibrous intimal layer.
lipid-rich plaque or atheromatous plaque with calcium
accumulation. Two observers assessed the tissue character-
istics adjacent to the strut artifact and in successive images.
The agreement in diagnosis of strut-containing images and
successive OCT images without struts was 100% for both

observers. Interobserver agreement on tissue diagnosis was
99.3% (Cohen’s K value, 0.87).

Table 5 shows the relationship between the OCT-based
characteristics of plaques adjacent to each stent strut and
the percentage of uncovered SES. In the G1 and G2 groups
this percentage was significantly higher for stent struts
located on either lipid- or calcium-containing plaques than
those positioned over simple fibrous plaques (G1 14.3%,
28.2%, 39.1%, respectively, P<0.01; G2 11.3%, 27.2%,
34.2%, respectively, P<0.01). By contrast, in the G3 group,
the rate of uncovered stent struts tended to be higher for
plague containing lipid and calcium, but this difference did
not reach statistical significance.

Discussion

We used the newly developed intravascular OCT system
with an excellent spatial resolution of 10xm to visualize
the very thin neointimal tissue covering SES struts, a task
that was not possible with IVUS. The salient findings of the
present study are that 14.8% of SES struts were not covered
by neointimal tissue at 8 months after SES implantation,
and that the percentage of uncovered stent struts continued
to decrease by 4.1% in patients with the longest follow-up
period, secondary to late neointimal growth. However, com-
plete coverage of stent struts was achieved only in 17.6%
of all implanted SES. even 32 months after implantation.
Furthermore, a smaller diameter SES, the presence of under-
lying coronary lesions with lipid and calcium content, and
diabetes correlated with delayed local neointimal coverage
of the stent struts.
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Late Neointimal Growth After SES Implantation
Because DESs are associated with a striking reduction in
restenosis after PCI, they are routinely and widely used
around the world.'8:! However, in 2004, McFadden et al
reported 4 cases of late thrombosis of a DES after discon-
tinuation of antiplatelet therapy because of surgery or inva-
sive endoscopic examination.Z0 Their report raised general
concerns about the safety of routine use of DES, because
late thrombosis often results in myocardial infarction or
death. Subsequently, physicians have aimed to prolong the
duration of dual antiplatelet therapy,?! because the likeli-
hood of late stent thrombosis rises considerably with inad-
equate or discontinued antiplatelet therapy and delayed
reendothelialization of the DES.22.23

Recently, Matsumoto et al used OCT to study neointimal
growth over stent struts after SES implantation.?* Although
their findings were limited to observations at 6 months after
implantation, they showed that the average percentage of
neointima-covered struts in an individual SES was 89%,
and that only 16% of implanted SES had struts fully covered
by neointimal tissue. We also observed that a relatively low
percentage of implanted SES was fully covered by neo-
intima at 8 months after implantation. In the present study,
we found that neointimal growth over stent struts continued
for as long as 32 months after implantation, and this late
neointimal growth was accompanied by a higher rate of
covered SES struts and lower rate of malapposed stent
struts. Such progressive decrease in the rate of uncovered
SES struts seems necessary for preventing stent thrombosis,
and our observations support the recent principle that longer
therapy with dual antiplatelet drugs is safer. Furthermore,
our observation is partly consistent with previous reports
by Takano et al in which they demonstrated that 5% of SES
struts were uncovered in patients for up to 24 months after
SES implantation.?5-26 We were not able to confirm the
plateau stage of neointimal growth after SES implantation,
so we need know whether all implanted SES are completely
covered at 3 years after implantation, as well as whether
late neointimal growth results in angiographic restenosis at
time points long after SES implantation.

Clinical Predictors for Delayed Neointimal Coverage

of SES

Based on the findings of previous large DES-related clinical
trials, science advisory committees of the ACC/AHA/SCAY/
ACS/ADA summarized the factors relating to late stent
thrombosis:?7 stenting in small vessels, multiple lesions,
long stents, overlapping stents, ostial or bifurcated lesions,
prior brachytherapy, suboptimal stenting result, low ejec-
tion fraction, advanced age, diabetes, renal failure, acute
coronary syndrome, and premature discontinuation of anti-
platelet therapy. In the present study, we found that small
diameter (2.5mm) stents, the tissue characteristics of the
stented coronary segment, and diabetes were important
predictors for a higher rate of uncovered struts.

The mechanisms whereby these factors suppress neo-
intimal growth over SES struts are not clear, but tissue dis-
tribution of eluted sirolimus might play an important role.
The dose of sirolimus loaded on the struts for a given length
of SES is fixed, irrespective of stent diameter,® so the tissue
concentration of sirolimus per unit area may be higher with
smaller rather than larger diameter stents. Accordingly, the
higher rate of uncovered struts in smaller diameter SES
may be because of more significant suppression of vascular
cell proliferation as compared with larger diameter SES,
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and this might mediate the delayed neointimal coverage of
smaller SES.

Several previous studies have demonstrated the feasibil-
ity of intravascular OCT for evaluating the vascular tissue
characteristics of coronary atherosclerotic plaques.293¢ Qur
OCT observations revealed that neointimal growth is
impaired when SES struts are deployed in coronary seg-
ments with atheromatous plaques containing either lipid or
calcium, as compared with normal coronary segments or
plaque consisting of simple fibrous tissue. Supporting this
finding, preprocedural angiographic findings showed that
complex coronary lesions (type B2/C) tended to be accom-
panied by a higher rate of uncovered SES in the chronic
phase. These findings indicate the importance of the histo-
pathological characteristics of coronary lesion on the healing
process after SES implantation, especially with regard to
neointimal formation. We assume the reason for this finding
is that sirolimus inhibited smooth muscle cell proliferation
more strongly in calcified or lipid plaque than in the simple
fibrous plaque lesion. One explanation is the increased stiff-
ness of the coronary artery because of complex coronary
plaque, especially with calcium deposition. In the case of
SES implantation in hard coronary segments, inhomoge-
neous distribution of the stent struts occurs because of
incomplete expansion, and this may lead to an increased
focal drug concentration that induces focal over-suppres-
sion of neointimal formation. Secondly, it is possible that
there 1s a relatively small volume of viable fibrous tissue
at the focal site of a complex coronary atheroma. In such
complex lesions, the nonviable calcium and/or lipid content
1s separated by relatively thin fibrous tissue. Vascular smooth
muscle cells and fibroblasts included in thin fibrous tissue
are known to be the origin of proliferation and production
of extracellular matrix.3! Accordingly, the constant dose of
sirolimus for a smaller volume of fibrous tissue in complex
lesions might be responsible for the over-suppression of
neointimal coverage of the stent struts.

Diabetes is an established risk factor for in-stent reste-
nosis, but why diabetes correlated with a higher rate of
uncovered struts in this study is unknown. Previous experi-
mental studies have shown that hyperglycemia promotes
endothelial cell apoptosis and inhibits endothelial cell
proliferation.3233 We further speculate that the increased
stiffness of the coronary arteries in diabetic patients because
of the presence of complex coronary plaque, such as calcium
deposition or diffuse and long atheroma distribution, is
related to such divergent coronary lesions. In the complex
coronary lesions of diabetes, heterogeneous tissue con-
centration of sirolimus would occur because of the uneven
strut distribution, and might induce focal over- or under-
suppression of neointimal formation over the stent struts 283!
The result of multivariable analysis that a small diameter
stent was an independent predictor supports the concept
that diabetic patients have a higher rate of uncovered strut
because they often have diffuse and longer narrowing of
the coronary stenosis with complex lesion characteristics.

Together with the longer follow-up period, the effects of
both clinical and procedural parameters on the rate of
uncovered SES struts decreased, which we assume is partly
the reason for the significantly lower rate of uncovered
struts in the G2 and G3 groups than in G1. This finding
suggests that, irrespective of the patient’s background, slow
but steady growth of neointima over the struts continues in
all implanted SES in the chronic phase.
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Late Stent Thrombosis and Uncovered Struts of SES
None of the patients in this study experienced ischemic
events after SES implantation, but 3 small thrombi inside
the SES were incidentally observed, even with continued
antiplatelet therapy; 2 were found on uncovered stent struts,
supporting the theory that uncovered or malapposed stent
struts are the primary cause of late stent thrombosis. On
the other hand, 1 thrombus was located on neointimal tissue
covering the stent struts, which suggests that neointimal
tissue may be related to the endothelium in 2 ways: first, its
margin may be lined by dysfunctional endothehal cells, and
second, it may not be accompanied by an endothelial cell
layer 343 It is difficult to investigate these points using OCT,
so further studies examining the function of neointimal
tissue covering the SES struts need to be performed. On the
other hand, the actual incidence of late stent thrombosis
was much lower than the incidence we would expect based
on the high percentage of uncovered SES struts,3637 and
that suggests factors other than delayed endothelialization,
such as the patient’s hemostatic status, focal hemodynamic
alterations in the implanted SES, and so on, also play an
important role in the development of late stent thrombo-
sis. 8

Study Limitations

First, our findings were based on observations in a rela-
tively small number of patients, and we did not use a
prospective or randomized study protocol. Second, OCT
is unable to image the stent struts and vascular wall in the
presence of blood. Insufficient blood removal limits the
application of OCT for certain coronary lesions, especially
ostial and very tortuous lesions, and we were not able to
assess SES that were deployed in such coronary segments.
A third limitation is the resolution of OCT. Although the
spatial resolution of OCT 1is the highest of all available
intravascular imaging modalities, we might have incor-
rectly judged some monolayers of regenerated endothelial
cells covering the stent struts as uncovered struts. Fourth,
none of the enrolled patients developed cardiac events
related to stent thrombosis during the observation period.
Moreover, we were not able to identify factors predicting
delayed neointima coverage of the SES at 24 months after
implantation. Because it is reported that stent thrombosis
steadily develops, even in the very late phase of SES implan-
tation, further study with more patients should be performed
in the future to clarify the relationship between the patients’
background and delayed neointimal growth, as well as the
development of stent thrombosis.

Conclusions

OCT imaging enabled us to visualize the thin neointimal
tissue covering SES struts. Neointimal growth inside the
SES progressively increased after the &-month routine
follow-up period, but complete coverage of the stent struts
was established in only 17.6% of SES, even 32 months after
implantation. In determining when dual antiplatelet therapy
should be discontinued, the clinician should consider the
patient’s clinical background, especially a history of dia-
betes, whether or not a small diameter SES is implanted, and
the tissue characteristics of the stented coronary segment.
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Epithelial-Mesenchymal Transition as a Potential Explanation for

Podocyte Depletion in Diabetic Nephropathy

Yukinari Yamaguchi, MD," Masayuki lwano, MD," Daisuke Suzuki, MD,? Kimihiko Nakatani, MD,’

Kuniko Kimura, MD, Koji Harada, MD,” Atsushi Kubo, MD," Yasuhiro Akai, MD,’

Masao Toyoda, MD,? Masao Kanauchi, MD," Eric G. Neilson, MD,® and Yoshihiko Saito, MD'

Background: Depletion of glomerular podocytes is an important feature of progressive diabetic
nephropathy. Although the most plausible explanation for this podocyte depletion is detachment from
the glomerular basement membrane after celiular apoptosis, the mechanism is unclear. Fibroblast-
specific protein 1 (FSP1; encoded by the ST00A4 gene) is a member of the S100 family of calcium-
binding proteins and is constitutively expressed in the cytoplasm of tissue fibroblasts or epithelial cells
converted into fibroblasts by means of epithelial-mesenchymal transition.

Study Design: Retrospective cross-sectional analysis.

Settings & Participants: 109 patients with type 2 diabetes mellitus, of whom 43 {39%) underwent
kidney biopsy.

Predictor: Clinical stage (4 categories) and histological grade (5 categories) of diabetic nephropathy.

Outcome: FSP1 expression in podocytes in urine and glomeruli in kidney biopsy specimens.

Measurements: Immunohistochemistry, real-time polymerase chain reaction, and in situ hybridization.

Resuits: 38 of 109 patients (35%) were normoalbuminuric, 16 (15%) had microalbuminuria, 8 (7%) had
macroalbuminuria, and 47 (43%) had decreased kidney function. Approximately 95% of podocytes in urine
sediment were not apoptotic, and 86% expressed FSP1. The number of FSP1-positive podocytes in urine
sediment was significantly larger in patients with macroalbuminuria than in those with normoalbuminuria (P
= 0.03). Intraglomerular expression of FSP1 occurred almost exclusively in podocytes from patients with
diabetes, and the number of FSP1-positive podocytes was larger in glomeruli showing diffuse mesangiopa-
thy than in those showing focal mesangiopathy (P = 0.01). The number also was larger in glomeruli with
nodular lesions than in those without nodular lesions {P < 0.001). FSP1-positive podocytes selectively
expressed Snail1 and integrin-linked kinase, a known trigger for epithelial-mesenchymal transition.

Limitations: Nonrepresentative study population.

Conclusions: These results suggest that the appearance of FSP1 in podocytes of patients with diabetes
is associated with more severe clinical and pathological findings of diabetic nephropathy, perhaps because

of induction of podocyte detachment through epithelial-mesenchymal transition-like phenomena.
Am J Kidney Dis 54:653-664. © 2009 by the National Kidney Foundation, Inc.

INDEX WORDS: Podocyte; diabetes; nephropathy; epithelial-mesenchymal transition; fibroblast-

specific protein 1.

Editorial, p. 590

D iabetic nephropathy is characterized by per-
sistent proteinuria and a gradual decrease
in renal function associated with thickening of
the glomerular basement membrane (GBM) and
expansion of the mesangial matrix, which pro-
duces progressive mesangiopathy leading to glo-
merulosclerosis.'™ Notably, these pathological

changes can be attenuated by strict glycemic
control and antihypertensive therapy.*” Of all the
histological changes in glomeruli associated with
diabetic nephropathy, reduced numbers of podo-
cytes per glomerulus are the most reliable diagnos-
tic marker for assessing glomerular injury.%'°

A number of recent studies have locused on
the role of podocyte depletion in the pathogene-
sis of proteinuria.®*'" The most plausible expla-
nation for the depletion is detachment from the

"From the First Department of Internal Medicine, Nara
Medical University, Kashihara, Nara; > Department of Internal
Medicine, Tokai University School of Medicine, Isehara, Kana-
gawa, Japan; and Department of Medicine and Cell and
Developmental Biology, Vanderbilt University School of Medi-
cine, Nashville, TN.

Received October 16, 2008. Accepted in revised form May
7, 2009. Originally published online as doi: 10.1053/j.ajkd.
2009.05.009 on July 21, 2009.

Address correspondence to Masayuki hvano, MD, First
Department of Internal Medicine, Nara Medical University,
840 Shijo, Kashihara, Nara 634-8522, Japan. E-mail:
mivwano@naramed-u.ac.jp

© 2009 by the National Kidney Foundation, Inc.

0272-6386/09/5404-0010836.00/0

doi:10.1053/].ajkd. 2009.05.009

American Journal of Kidney Diseases, Vol 54, No 4 (October), 2009: pp 653-664 653



654

underlying GBM. Nakamura et al'* described podo-
cyturia as a useful marker of disease activity in
diabetic nephropathy, and Vogelmann et al'* showed
that a majority of urinary podocytes are viable.
Increased cellular dysfunction in the diabetic mi-
lieu and attenuation of adhesion molecules in the
face of persistent glomerular hyperfiltration may be
involved with podocyte detachment'*; however,
little is known about the specific mechanism.

One possibility is that podocytes become ap-
optotic with persistent exposure to adverse meta-
bolic changes in diabetic plasma'®'>'® and de-
tach into the tubular fluid. However, only 2
studies have assessed podocyte apoptosis in hu-
man nephropathy. Kumar et al'’ showed no ap-
optosis in glomerular cells, whereas Verzola et al'®
showed an increase in glomerular apoptosis with-
out quantifying the degree of podocyte apoptosis.

Another possibility is that podocytes undergo
phenotypic modulation that weakens their cellular
attachment in patients with diabetes. One such
change might be epithelial-mesenchymal transition
(EMT)."”?! Fibroblast-specific protein 1 (FSPI;
encoded by the ST00A4 gene) is a member of the
S100 family of calcium-binding proteins and is
constitutively expressed in the cytoplasm of tissue
fibroblasts or epithelial cells converted into fibro-
blasts by means of EMT.***' FSP1 is not simply a
marker for EMT, it also has a role in determining
the function of fibroblasts and has been implicated
in actin rearrangement, cytoskeletal-membrane in-
teractions, calcium sensing, and cellular growth
and differentiation.”*> The interaction of FSP1
with cytoskeletal moieties and its early role in EMT
suggests it may enable fibroblast motility. In the
kidney, FSP1-positive (FSP™*) cells in the tubuloint-
erstitium are associated closely with progressive
interstitial fibrosis.2"***! However, little is known
about intraglomerular expression of FSP1 during
disease. In the present study, we examined FSP1
expression in podocytes by using renal biopsy
samples and urine sediment obtained from patients
with diabetic nephropathy. Our aim is to determine
whether FSP1 in podocytes is associated with their
detachment and the progression of diabetic nephrop-
athy.

METHODS
Study Population

This study consecutively enrolled 109 patients (75 men,
34 women) with type 2 diabetes mellitus. who were divided

Yamaguchi et al

into 4 groups based on urine albumin-creatinine ratio (ACR)
and level of kidney function. Level of kidney function was
assessed as estimated glomerular filtration rate (GFR), calcu-
lated by using the isotope dilution mass spectrometry—
traceable 4-variable Modification of Diet in Renal Disease
(MDRD) Study equation modified by a Japanese Society of
Nephrology—Chronic Kidney Disease Initiatives coeffi-
cient** or estimated creatinine clearance obtained by using
the Cockcroft-Gault equation.® Tn enrolled patients, nor-
moalbuminuria was defined as urine ACR less than 30 mg/g
with estimated GFR (eGFR) of 60 mL/min or greater;
microalbuminuria, as urine ACR of 30 to 300 mg/g with
eGFR of 60 mL/min or greater; and macroalbuminuria, as
urine ACR of 300 mg/g or greater with eGFR of 60 mL/min
or greater. Decreased kidney function was defined as eGFR
less than 60 mL/min. Ten patients (3 men, 7 women) with
renal biopsy specimens showing minimal change disease
(MCD) also were enrolled as a control group. Proteinuria in
patients with MCD was protein less than 2.0 g/d, and
immunofluorescence microscopy showed no staining with
antibodies specific for immunoglobulin G (IgG), IgA, IgM,
C3,C4,0or Clg.

Clinical and laboratory data for all participants are listed
in Table 1. Blood pressure was measured at the time of urine
collection. Glycated hemoglobin, total serum protein, serum
creatinine, and urine ACR were measured within 1 month
after urine collection. Every patient gave informed consent
before enrollment, and our institutional review board ap-
proved the study.

Immunohistochemical Analysis of Urinary Sediment

Podocytes expressing FSP1 were detected immunohisto-
chemically in fresh urine samples voided in the morning.
Podocyte in urine sediment were counted by using a modifi-
cation of the method of Hara et al.'*!>*¢ Ten milliliters of
freshly voided urine was centrifuged at 700g for 5 minutes.
The supernatant then was decanted and the pellet was
resuspended in 1 mL of phosphate-buffered saline (PBS),
followed by centrifugation onto glass slides using a Cyto-
spin Cytocentrifuge (Shandon Inc, Pittsburgh, PA). The
slides were then air dried and fixed with 4% paraformalde-
hyde for 15 minutes at 4°C. After washing 3 times with PBS,
slides were incubated with Protein Block Serum-Free
(DakoCytomation Inc, Carpinteria, CA) for 30 minutes at room
temperature. Each sample then was incubated for 60 minutes
with mouse anti-human podocalyxin monoclonal antibody
(PHMS5; 1:200 dilution; Australian Monoclonal Develop-
ment, Artamon, NSW, Australia) and rabbit polyclonal anti—
human FSP1 antibody™ (1:500 dilution). After washing 3
times with PBS, slides were incubated for 30 minutes with
Cy3-conjugated goat anti-mouse IgG antibody (1:1,000
dilution; Jackson ImmunoResearch Laboratories Inc, West
Grove, PA) and Cy2-conjugated donkey anti-rabbit 1gG
antibody (1:500 dilution; Jackson ImmunoResearch). Fi-
nally, slides were counterstained with 4'6-diamidine-2'-
phenylindole dihydrochloride (DAPT; Molecular Probes Inc,
Eugene, OR) and viewed under a fluorescence microscope
(Axiovert 2000; Carl Zeiss, Oberkochen, Germany).

Synaptopodin and CD68 also were used to examine
urinary podocytes and hematopoietic cells. Each sample of
centrifuged urinary cells was incubated for 60 minutes with
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cell by using a cytospin procedure, then detected
immunocytochemically. By also staining for the
podocyte marker podocalyxin, podocytes can be
detected. A representative podocalyxin */FSP1*
cell is shown in Fig 1. We counted podocalyxin™
and podocalyxin'/FSP1" cells in each urine
sediment. We did not count podocalyxin™ cells
with diameters less than 15 um. This was to
exclude CD68" monocytes, which express podo-
calyxin, but have diameters less than 15 um
(data not shown).*® Podocalyxin also is ex-
pressed by extraglomerular endothelial cells in
the kidney,*"** but no podocalyxin™® cell ex-
pressed the endothelial marker CD31 (data not
shown). Detectable FSP1 staining was seen in
86% of urinary podocytes from the total cohort
of patients with diabetes. Assessed by means of
DAPI staining, 95% of FSP1 " podocytes were
not apoptotic. We also identified urinary podo-
cytes by using synaptopodin as a podocyte marker
and found that 91% of urinary synaptopodin™®
podocytes expressed FSP1. Thus, about 90% of
detached podocytes were not apoptotic and ex-
pressed FSP1.

Total numbers of podocytes (podocalyxin™
cells) were significantly greater in patients with
diabetes than in those with MCD (P < 0.001; Fig
2A), as were numbers of podocalyxin*/FSP17*
podocytes (P << 0.001). Percentages of podo-
cytes positive for FSP1 were 86% in patients
with diabetes and 66% in patients with MCD.
The total number of podocytes was also signifi-
cantly greater in patients with macroalbuminuria
than in those with normoalbuminuria (P = 0.01;
Fig 2B). Likewise, the number of podocalyxin™/
FSP1" podocytes in urine sediment was signifi-
cantly greater in patients with macroalbuminuria
than in those with normoalbuminuria (P = 0.03).
However, the percentage of FSP1" podocytes
was about the same in the different groups (84.3%
in normoalbuminuria, 86.1% in microalbumin-
uria, 86.4% in macroalbuminuria, and 86.1% in
decreased kidney function). Numbers of FSP1*
podocytes significantly correlated with levels of
proteinuria (r = 0.35; P < 0.001). Finally, there
were fewer FSP1™ podocytes in urine sediment
from paticnts with reduced renal function than in
those with microalbuminuria. In another analy-
sis, we categorized patients with diabetes into 4
groups based on estimated creatinine clearance,
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Figure 2. Quantitative analysis of urinary podocytes.
(A) Numbers of urinary podocytes {podocalyxin-positive
[*] cells) {open box) and fibroblast-specific protein 1
(FSP1)™ podocytes (closed box) in patients with minimal
change disease (MCD) and diabetic nephropathy (DN). (B,
C) Numbers of urinary podocytes (podocalyxin* cells;
open box) and FSP1~ podocytes (closed box) in the 4
groups of patients with DN (normoalbuminuric [normo},
microalbuminuric {micro], macroalbuminuric [macro], de-
creased kidney function defined as a glomerular filtration
rate [GFR] < 60 ml/min). (B) GFR was estimated by using
the Modification of Diet in Renal Disease (MDRD) Study
equation modified with the Japanese coefficient. (C) Creat-
inine clearance was estimated using the Cockcroft-Gauit
formula.

calculated by using the Cockcroft-Gault formula.
Results were similar, as shown in Fig 2C.

Localization of FSP1 in Renal Biopsy Specimens

We used synaptopodin, ZO-1, and GLEPPI as
markers to identity podocytes in frozen sections
of renal biopsy specimens (Fig 3). Almost all
FSP1" cclls within diabetic glomeruli expressed
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Figure 3. Representative immunofluorescence evaluation of a renal biopsy specimen from a patient with diabetic
nephropathy. (A, D, G) Synaptopodin, zona occludens 1 (ZO-1), and glomerular epithelial protein 1 (GLEPP1) serve as
markers of podocytes (red staining), respectively. (B, E, H) Cells expressing fibroblast-specific protein 1 (FSP1) (green
staining) are clearly present within diabetic glomeruli. (C, F, 1) Merged images show colocalization of podocyte markers and
FSP1, confirming that some podocytes express FSP1 in diabetic glomeruli. Nuclei were stained with DAPI (4’6-diamidine-2’-
phenylindole dihydrochloride; blue). {Original magnification X400.)

synaptopodin, Z0O-1, and GLEPPI1, but only a
fraction of the synaptopodin */ZO-1"/GLEPP1 ™"
podocytes expressed FSPI1; that is, all cells ex-
pressing FSP1 within glomeruli were podocytes,
but not all podocytes expressed FSP1 (Fig 3A to
I). FSP1™ cells were not observed within MCD
glomeruli (Fig S1; provided as online supplemen-
tary material available with this article at www.
ajkd.org).

We also confirmed FSP1 expression by podo-
cytes by using in situ hybridization; mRNA en-
coding FSP1 was expressed in podocytes in
patients with diabetic nephropathy (Fig 4A), but
not in podocytes of patients with MCD (Fig 4B).
Glomerular expression of FSP1 mRNA analyzed

by means of laser-capture microdissection and
real-time PCR showed that glomerular FSP1
expression was significantly upregulated in dia-
betic nephropathy (Fig 4C).

Histological Grade of Diabetic Nephropathy
and Numbers of FSP1™ Podocytesin Renal
Biopsy Specimens

Dual-labcling studics showing the glomcrular
distribution of FSP1 and collagen type IV show
progressive mesangiopathy and nodular sclerosis
with incrcasing grade (Fig 5). FSP1" podocytes
were present on the outer side of the GBM. Some
FSP1" podocytes appear to have detached from
the GBM in grade 4 glomeruli, although an
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Figure 4. Detection of fibro-
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artifact stemming from the angle of scctioning
cannot be ruled out (Fig SB). Numbers of FSP1*
podocytes from paticnts with each grade of dia-
betic nephropathy and MCD are listed in Tablc 2.
In patients with MCD or in normal glomcruli
obtained from ncphrectomy, the number of
FSP1" podocytes per glomerular profile was less
than for grade 1 glomeruli (P < 0.001). In grade
2 glomeruli, the number of FSP1" podocytes per
glomerular profilc was significantly larger than
in grade 1 glomeruli (P = 0.007), and in grades 3
and 4 glomeruli, numbers of FSP1™ podocytes
per glomerular profile were significantly larger
than in grade 2 (P < 0.001). Thus, thc number of
FSP1" podocytes per glomcrular profilc in-
creascd with the scverity of mesangiopathy and
the development of nodular lesions. However, a
markcd decreasc in FSP1™ podocytes was scen
at diabctic grade 5 comparcd with the other
groups, which may rcflect prior dctachment.
When we also counted glomerular podocytes in
the same sections, we found that podocyte num-
bers decreased with the severity of mesangiopa-
thy and development of nodular lesions (Tablc
2). This reciprocal change in numbers of FSP1 "

and glomerular podocytes suggests that EMT
may cxplain the loss of podocytces in diabctcs. As
reported previously, FSPI also was localized in
interstitial fibroblasts, circulating fibroblasts in
the capillary lumen, and tubular epithelial cells
undergoing EMT (data not shown).*'-*°

Podocyte Expression of EMT Markers in
Diabetic Nephropathy

We next cxamined the expression of EMT
markers in podocytes in biopsy spccimens from
paticnts with diabetic nephropathy. ZO-1 is a
membrane protein localized at tight junctions,
and its loss is a standard marker of EMT. As
shown in Fig 6A to C, glomerular FSP1*/Z0-1-
negative cells are more common at advanced
stages (corresponding to grade 4 in Fig 5A) of
diabetic nephropathy than in earlier stages (com-
pare Fig 6C with Fig 3F). In contrast, Snaill, a
zinc-finger transcription factor that represses the
expression of various adherens and tight junction
proteins,'”*** was observed in podocytes at
early stages (grade 2 in Fig 5A) of diabetic
nephropathy (Fig 6D to I). No Snaitl was ob-
served in podocytes from patients with MCD
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Figure 5. Representative glomeruli of different histological grades of diabetic nephropathy. (A) Periodic acid—Schiff
staining of representative glomeruli in renal biopsy sections from patients with minimal change disease (MCD) and each
histological grade (G1 to G5) of diabetic nephropathy. (Original magnification x200.) (B) Immunohistochemical
detection of fibroblast-specific protein 1 (FSP1; purple) and collagen type IV (brown) in renal biopsy sections from
patients with MCD and each histological grade (G1 to G5) of diabetic nephropathy (all sections were stained with both
anti-FSP1 and anti—collagen type 1V antibodies). FSP1-positive (FSP1') podocytes (purple) at G1 to G3 are localized
to the outside of the glomerular basement membrane. FSP1 ' cells at G4 are drifting into Bowman space (arrowheads)
as detached podocytes. (Counterstain is nuclear fast red; original magnification xX200.}



