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Upregulation of ANGPTL4 Messenger RNA and Protein
in Severely Calcified Carotid Plaques |

Hiroyuki Katano, mp, prp,*t and Kazuo Yamada, mp, Pnp*

Background: In carotid atherosclerotic lesions, calcified plagues are thought to be sta-
ble and to evoke very few symptoms. However, the molecular activity in calcified
plaques and their clinical significance have not been fully clarified yet. Methods:
Carotid plaques from 18 endarterectomy patients were classified into high- and
low-calcified plaques on the basis of Agatston calcium score. Twelve plaques were
investigated for the alteration of gene expression by microarray analysis and real-
time polymerase chain reaction (PCR) and 6 other plaques underwent protein as-
sessment to elucidate the difference in molecular biological activity between the
groups. Results: Microarray analysis demonstrated 93 angiogenesis or growth fac-
tor-related transcripts that are reliably expressed (175 probe sets). Among them,
angiopoietin-like protein 4 (ANGPTL4) expression was significantly elevated,
whereas fibroblast growth factor receptor 2 (FGFR2) expression was significantly
suppressed. Quantitative messenger RNA analysis was performed with real-time
PCR. Augmented or decreased protein expression of each gene was confirmed by
Western blotting analysis and immunohistochemistry. Conclusions: In high-
calcified plaques, ANGPTL4 might be upregulated for antiangiogenic modulating
function together with the downregulation of FGFR2, contributing to the stability
of the plaques. Key Words: Carotid plaque—calcification—microarray analysis—
ANGPTL4—FGFR2—angiogenesis.

© 2013 by National Stroke Association

Introduction

The mechanism of vascular calcification formation
and its clinical significance have not been fully clarified
yet. Calcification has been thought to be a terminal state
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of the tissue in the pathological course of atherosclerosis
that ended up in necrosis or apoptosis. Apoptotic bodies
derived from vascular smooth muscle cells have been re-
ported to serve as a nidus for calcification." Lipoprotein
such as acetylated low-density lipoprotein in atheroscle-
rotic plaque was found to prevent phagocytosis of
vascular-derived apoptotic vesicles that would other-
wise serve as a core of calcification.” In carotid athero-
sclerotic lesions, calcified plaques were, hence, thought
to be stable and hardly evoke symptoms, whereas unsta-
ble deleterious plaques were reported to be so-called
“soft,” hemorrhagic, or mobile plaques.3 Nandalur
et al* reported that plaque calcification of more than
45% of the total volume was significantly inversely asso-
ciated with the occurrence of symptoms, whereas Kwee®
found through a systematic review that clinically symp-
tomatic plaques have a lower degree of calcification than
asymptomatic plaques.

We planned, therefore, to classify the carotid plaques
into high- and low-calcified plaques on the basis of

Journal of Stroke and Cerebrovascular Diseases, Vol. @, No. @l (i#l-M), 2013: pp 1-15 1
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Agatston calcium score and investigate the alteration of
gene expression by microarray analysis followed by pro-
tein assessment to elucidate the difference in molecular
biological activity between the groups.

Materials and Methods
Patients and Specimens

Carotid plaques from 18 endarterectomy patients were
investigated. Of these, 12 plaques were used for the gene
expression analysis and another 6 plaques were used for
Western blotting and immunohistochemistry. In each
group, half of the plaques were highly calcified plaques
that showed a mean calcium score of 839.9 * 569.0,
whereas the rest of the low-calcified plaques showed
a mean calcium score of 52.5 + 36.7. Macroscopic hemor-
rhages and ulcers were more frequently found in the
low-calcified plaques than the high-calcified ones. The
percentage of symptomatic cases was the same (77.8%)
in both groups, and there were no significant differences
in the degrees of stenoses between the groups
(83.8% =+ 11.0% versus 80.6% = 6.2%). No remarkable
difference was found between high- and low-calcified
plaques concerning clinical data except hypertension
and smoking habit (Table 1).

All patients enrolled in this study received a detailed
explanation on the nature of the project, and all gave
written informed consent before undergoing endarter-
ectomy. Approval of the local ethical committee for hu-
man genetic research was also obtained before the start
of the study. The patients underwent preoperative
multidetector computed tomography angiography
(MDCTA) that identified the plaque location and the
degree of stenosis. Evaluation of calcification of the pla-
ques using Agatston calcium score was also performed
using MDCTA as described previously.® Briefly, calcifi-
cation of the carotid plaque was quantified using spe-
cialized software run on the workstation (Aquarious;
TeraRecon, Inc., San Mateo, CA) with preoperative
MDCTA data. Calcium scores were calculated as the
products of the areas of calcified lesions and the
weighted signal intensity scalars, dependent on the
maximal Hounsfield unit value within the lesion
(scalar = 1 if 130-199, 2 if 200-299, 3 if 300-399, and 4
if 400 Hounsfield units or greater). All carotid plaques
were obtained during carotid endarterectomy, and
whole specimens containing a calcified portion were
immediately treated with RNA later (Ambion, Austin,
TX). All samples were stored at —80°C and thawed
only once.

Microarray

The methods used for sample preparation, hybrid-
ization, data anélysis, sensitivity, and quantification
are based on the Affymetrix GeneChip Expression
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Analysis Manual (Affymetrix, Santa Clara, CA). We
used Affymetrix Human Genome U133 Plus 2.0 Array
containing more than 54,000 probe sets representing.
47,400 transcripts derived from 38500 well-
substantiated human genes and expressed sequence
tags (unknown genes). ,

Total RNA was extracted from each plaque sample,
cleaned, and converted to double-stranded complemen-
tary DNA (cDNA) and then to biotin-labeled complemen-
tary RNA according to the manufacturer’s protocols.
After quality confirmation with an Agilent 2100 Bioana-
lyzer (Aligent Technologies, Santa Clara, CA), biotiny-
lated complementary RNA was hybridized to the
Affymetrix Human Genome U133 Plus 2.0 chips. Hybrid-
ization of each chip was performed with the Hybridiza-
tion, Wash, and Stain Kit according to GeneChip 3'IVT
Express Kit User Manual and scanned with a probe array
scanner. GeneChip raw data were obtained with Affyme-
trix GeneChip Command Console Software. After the
mean value for the signal of each chip was normalized
and scaled using the Micro Array Suite 5 statistical algo-
rithm with Affymetrix Expression Console Software,
analysis of the expression ratio comparing low and highly
calcified groups was performed. Processed gene expres-
sion data were returned in a log2 scale. We compared 7
sets of high- and low-calcified plaques: set A: H1/L1, B:
H2/L1, C: H3/11, D: H1/12, E: H2/L2, F: H3/L2, and
G: H1/13. Genes expressed at a reliable level and show-
ing differential expression were identified by filtering.
Detection calls were classified as present (P; transcripts
detected), absent (A; transcripts not detected), or mar-
ginal (M; difficult to judge whether P or A). A transcript
was considered differentially expressed if it satisfied the
either following criteria: (1) (log2 ratio = 1 and the detec-
tion call of the highly calcified plaque “P”) in more than 5
of 7 comparison sets or (2) (log2 ratio = —1 and the detec-
tion call of the low-calcified plaque “P”) in more than 5 of
7 comparison sets. Among all the expressed transcripts by
GeneChip analysis, angiogenesis or growth factor-re-
lated, calcification or osteogenesis-related and hypoxia-
inducible transcripts were focused to extract for further
analysis.

Real-Time Polymerase Chain Reaction

Three high-calcified plaques (H4: 797.6, H5: 995.5, Hé:
2244.2) and 3 low-calcified plaques (L4: 2.0, L5: 4.8, Lé:
95.0) were used for real-time polymerase chain reaction
(PCR) analysis for angiogenesis or growth factor-related
transcripts expressed differently by microarray analysis.
Five hundred nanograms of total RNA from each sample
was reverse transcribed with oligodT and random hex-
amer primers using Transcriptor First Strand cDNA Syn-
thesis Kit (Roche Diagnostics, Basel, Switzerland). Twenty
microliters reactions containing 3 puL ¢DNA and gene-
specific primers were added to SYBRGreen I Master



Table 1. Characteristics of the plaques and the clinical data

Plaque Cascore Hemorrhage Ulcer Age Gender Stenosis (%) Symptom Hypertension Diabetes Dyslipidemia Smoking Antiplatelet Anticoagulant Renal malfunction

ooe

~

SINTVId AILO¥YVD AFIEIDTYD NI NOISSTNIXA FILIONV

Hl 5584 + - 73 M 83.0 A + + + + + - -
H2 3237 - - 63 M 90.0 S + ~ + + + - -
H3 4340 - - 70 M 85.0 A + ~ - + + - -
H4 7976 + - 70 M 80.0 S + ~ + + + - -
H5 9955 - - 6 M 95.0 S + ~ + + + - -
H6 22442 - - 70 M 76.5 s - ~ + + + - -
H7 9111 - - 74 F 600 s + ~ - —~ + - -
H8 6809 - - 66 F 90.0 S + ~ + + + - -
HO 6140 - - 63 M 95.0 S - + - + + - -
L1 38.8 + - 67 M 80.0 S + + + = + - -
L2 68.3 - - 67 M 78.0 A - ~ - - + - -
L3 98.0 + + 74 F 90.0 s + - - + + - -
L4 2.0 + + T3 0M 81.5 S - ~ + + + - -
Ls 48+ + 6 M 73.0 S + + + + + - -
L6 95.0 - - 76 M 90.0 s + ~ - + + - -
L7 26.6 + - 6 M 75.0 S - ~ + - + - -
L8 55.5 + + 60 M 83.0 A ~ + + + + - -
L9 83.5 - - 74 M 75.0 S + - - + + + -

Abbreviations: A, asymptomatic; F, female; M, male; H1-H9, high-calcified plaques; L1-L9, low-calcified plaques; S, symptomatic.




10€

Table 2. All angiogenesis and growth factor—related transcripts detected in microarray analysis for high- and low-calcified carotid plagues

Representative Average
No. Probe set ID Probe ID public ID Gene symbol Gene title log2 ratio
1 213176_s_at HU133p2_22479 AI910869 LTBP4 Latent transforming growth factor beta binding protein 4 1.73
2 204200_s_at HU133p2_13648 NM_002608 PDGFB Platelet-derived growth factor beta polypeptide (simian 1.24
sarcoma viral (v-sis) oncogene homolog)
3 201508_at HU133p2_10957 NM_001552 IGFBP4 Insulin-like growth factor-binding protein 4 1.22
4 223333 _s_at HU133p2_32611 AF169312 ANGPTL4* Angiopoietin-like protein 4 1.17
5 231762_at HU133p2_41017 NM_004465 FGF10 Fibroblast growth factor 10 1.12
6 207334_s_at HU133p2_16779 NM_003242 TGFBR2 Transforming growth factor, beta receptor II (70/80 kDa) 1.08
7 220789_s_at HU133p2_30074 NM_004749 TBRG4 Transforming growth factor beta regulator 4 1.08
8 223836_at HU133p2_33113 AB021123 FGFBP2 Fibroblast growth factor-binding protein 2 1.04
9 207822 _at HU133p2_17262 NM_023107 FGFR1 Fibroblast growth factor receptor 1 1.04
10 1555997_s_at HU133p2_02723 BM128432 IGFBP5 Insulin-like growth factor—binding protein 5 .97
11 209908 _s_at HU133p2_19315 BF061658 TGFB2 Transforming growth factor, beta 2 93
12 203425_s_at HU133p2_12873 NM_000599 IGFBP5 Insulin-like growth factor—binding protein 5 .92
13 216061 _x_at HU133p2_25354 AU150748 PDGFB Platelet-derived growth factor beta polypeptide .90
(simian sarcoma viral (v-sis) oncogene homolog)
14 221009_s_at HU133p2_30294 NM_016109 ANGPTL4 Angiopoietin-like protein 4 .90
15 204442 _x_at HU133p2_13890 NM_003573 LTBP4 Latent transforming growth factor beta binding protein 4 .81
16 203424 _s_at HU133p2_12872 AW157548 IGFBPS Insulin-like growth factor-binding protein 5 .76
17 211513 _s_at HU133p2_20840 AF172449 OGFR Opioid growth factor receptor ql
18 210973_s_at HU133p2_20341 M63889 FGFR1 Fibroblast growth factor receptor 1 .70
19 227760_at HU133p2_37015 ALS22781 IGFBPLL1 Insulin-like growth factor—binding protein-like 1 .69
20 223321 _s_at HU133p2_32599 AF312678 FGFRL1 Fibroblast growth factor receptor-like 1 .69
21 1561365_at HU133p2_05958 AA609131 NRP1 Vascular endothelial cell growth factor 165 .67
‘ receptor/neuropilin (VEGF165)
22 1552721_a_at HU133p2_00329 NM_033136 FGF1 Fibroblast growth factor 1 (acidic) .67
23 1552939_at HU133p2_00488 NM_139290 ANGPT1 Angiopoietin 1 .67
24 210628_x_at HU133p2_20014 AF051344 LTBP4 Latent transforming growth factor beta binding protein 4 .65
25 209542_x_at HU133p2_18956 M29644 IGF1 Insulin-like growth factor 1 (somatomedin C) .64
26 210998_s_at HU133p2_20366 M77227 HGF Hepatocyte growth factor (hepapoietin A; scatter factor) 64
27 '219922_s_at HU133p2_29207 NM_021070 LTBP3 Latent transforming growth factor beta binding protein 3 .63
28 243799_x_at HU133p2_53050 T40942 ANGPTL3 Angiopoietin-like 3, mRNA (cDNA clone IMAGE:3934961) .61
29 202718 _at HU133p2_12167 NM_000597 IGFBP2 Insulin-like growth factor—binding protein 2, 36 kDa .61
30 203683 _s_at HU133p2_13131 NM_003377 VEGFB Vascular endothelial growth factor B .60
31 205117_at HU133p2_14565 X59065 FGF1 Fibroblast growth factor 1 (acidic) .60
32 220961 _s_at HU133p2_30246 NM_030900 TBRG4 Transforming growth factor beta regulator 4 59
33 201506_at HU133p2_10955 NM_000358 TGFBI Transforming growth factor, beta-induced, 68 kDa .58
34 211958_at HU133p2_21266 R73554 IGFBPS Insulin-like growth factor-binding protein 5 56
35 202273 _at HU133p2_11722 NM_002609 PDGFRB Platelet-derived growth factor receptor, beta polypeptide .56
36 204731 _at HU133p2_14179 NM_003243 TGFBR3 Transforming growth factor, beta receptor III .56
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37

38
39
40

41

42
43

45
46
47
48

49
50
51
52
53

54

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

205608_s_at
237261 _at
213910_at

210443 _x_at

201984 _s_at

206814 _at
235277 _at
203085_s_at
226625_at
203851 _at
242701 _at
201983_s_at

207501_s_at
209540 _at

212143 _s_at
205210_at
1557285 _at

231382 _at

211599_x_at
210764 _s_at
211527_x_at
211148_s_at

© 205016_at

238469 _at
209541 _at
213004 _at
205463 _s_at
222860_s_at
213001 _at
203426_s_at
209652_s_at
209410_s_at
206589 _at
211577 _s_at
219514 _at
204659_s_at
201289_at
202841_x_at
203627_at

HU133p2_15056
HU133p2_46511
HU133p2_23210
HU133p2_19842
HU133p2_11433

HU133p2_16261
HU133p2_44527
HU133p2_12535
HU133p2_35881
HU133p2_13299
HU133p2_51951
HU133p2_11432

HU133p2_16944
HU133p2_18954
HU133p2_21450
HU133p2_14658

HU133p2_03547

HU133p2_40637

HU133p2_20925
HU133p2_20146
HU133p2_20854
HU133p2_20512
HU133p2_14464
HU133p2_47719
HU133p2_18955
HU133p2_22308
HU133p2_14911
HU133p2_32140
HU133p2_22305
HU133p2_12874
HU133p2_19062
HU133p2_18824
HU133p2_16036
HU133p2_20903
HU133p2_28799
HU133p2_14107
HU133p2_10738
HU133p2_12291
HU133p2_13075

U83508
BE501356
AW770896
AF172452
NM_005228

NM_002506
BG334930
BC000125
AW193698

NM_002178
AW977978
AW157070

NM_004113
AU144912
BF340228

NM_004257
AIB91075

AI798863

U19348
AF003114
M27281
AF187858
NM_003236
BE620374
AI972496
AI074333
NM_002607
AB033832
AF007150
M65062
BC001422

AF000017
NM_005263
M37484
NM_012098
AF124604
NM_001554
NM_007346
AIB30698

ANGPT1
ANGPT2
IGFBP7
OGFR
EGFR

NGF
AMOTLI
TGFBI
TGFBR3
IGFBP6
TBRG1
EGFR

FGF12
IGF1
IGFBP3
TGFBRAPI
AREGB

FGF18

MET
CYR61
VEGFA
ANGPT2

TGFA
OGFRLI1
IGF1
ANGPTL2
PDGFA
PDGFD
ANGPTL2
IGFBPS
PGF
GRB10
GFI1
IGF!
ANGPTL2
GFER
CYR61
OGFR
IGF1IR

Angiopoietin 1

Angiopoietin 2

Insulin-like growth factor-binding protein 7

Opioid growth factor receptor

Epidermal growth factor receptor (erythroblastic
leukemia viral (v-erb-b) oncogene homolog, avian)

Nerve growth factor (beta polypeptide)

Angiomotin-like 1

Transforming growth factor, beta 1

Transforming growth factor, beta receptor III

Insulin-like growth factor-binding protein 6

Transforming growth factor beta regulator 1

Epidermal growth factor receptor (erythroblastic leukemia
viral (v-erb-b) oncogene homolog, avian)

Fibroblast growth factor 12

Insulin-like growth factor 1 (somatomedin C)

Insulin-like growth factor-binding protein 3

Transforming growth factor, beta receptor associated protein 1

PREDICTED: Homo sapiens similar to amphiregulin
precursor, mRNA

Fibroblast growth factor 18, mRNA (cDNA clone MGC:
10529 IMAGE: 3948893)

Met proto-oncogene (hepatocyte growth factor receptor)

Cysteine-rich, angiogenic inducer, 61

Vascular endothelial growth factor A

Angiopoietin 2

Transforming growth factor, alpha

Opioid growth factor receptor-like 1

Insulin-like growth factor 1 (somatomedin C)

Angiopoietin-like 2

Platelet-derived growth factor alpha polypeptide

Platelet-derived growth factor D

Angiopoietin-like 2

Insulin-like growth factor-binding protein 5

Placental growth factor

Growth factor receptor-bound protein 10

Growth factor independent 1 transcription repressor

Insulin-like growth factor 1 (somatomedin C)

Angiopoietin-like 2

Growth factor, augmenter of liver regeneration

Cysteine-rich, angiogenic inducer, 61

Opioid growth factor receptor

Insulin-like growth factor 1 receptor

55
.55
54
54
53

52
52
51
51
51
.50
.50

A48
47
47
46
46

45

44
43
43
42
42
42
42
41
41
41
41
41
.40
.39
36
35
35
35
35
34
33
(Continued)
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Table 2. (Continued)

Representative Average
No. Probe set ID Probe ID public ID Gene symbol Gene title log2 ratio
76 203002_at HU133p2_12452 NM_016201 AMOTL2 Angiomotin-like 2 33
77 222719_s_at HU133p2_31999 AB033831 PDGFC Platelet-derived growth factor C 32
78 209747 _at HU133p2_19156 J03241 TGFB3 Transforming growth factor, beta 3 31
79 210755_at ~  HU133p2_20137 U46010 HGF Hepatocyte growth factor (hepapoietin A; scatter factor) .30
80 205638_at HU133p2_15086 NM_001704 BAI3 Brain-specific angiogenesis inhibitor 3 30
81 209409 _at HU133p2_18823 D86962 GRBI10 Growth factor receptor-bound protein 10 29
82 206254 _at HU133p2_15701 NM_001963 EGF Epidermal growth factor (beta-urogastrone) 27
83 211535_s_at HU133p2_20862 M60485 FGFR1 Fibroblast growth factor receptor 1 27
84 211959_at HU133p2_21267 AWO007532 IGFBP5 Insulin-like growth factor-binding protein 5 .26
85 221976_s_at HU133p2_31257 AW207448 HDGFRP3 Hepatoma-derived growth factor 2 (HDGF2) 25
86 209651_at HU133p2_19061 BC001830 TGFB111 Transforming growth factor beta 1-induced transcript 1 25
87 208240_s_at HU133p2_17665 NM_01339%4 FGF1 Fibroblast growth factor 1 (acidic) 22
88 204682 _at HU133p2_14130 NM_000428 LTBP2 Latent transforming growth factor beta binding protein 2 22
89 205572_at HU133p2_15020 NM_001147 - ANGPT2 Angiopoietin 2 22
90 225330_at HU133p2_34588 A1.044092 IGFIR Insulin-like growth factor 1 receptor 21
91 228121 at ~ HUI133p2_ 37376 AU145950 TGFB2 Transforming growth factor, beta 2 21
92 209909_s_at HU133p2_19316 M19154 TGFB2 Transforming growth factor, beta 2 .20
93 209101 _at HU133p2_18516 M92634 CTGF Connective tissue growth factor .19
94 215248_at HU133p2_24543 AU145003 GRB10 Growth factor receptor-bound protein 10 18
95 203084 _at HU133p2_12534 NM_000660 TGFB1 Transforming growth factor, beta 1 .18
96 224339_s_at HU133p2_33607 AB056476 ANGPTL1 Angiopoietin-like 1 .16
97 209960_at HU133p2_19367 X16323 HGF Hepatocyte growth factor (hepapoietin A; scatter factor) .16
98 1555103_s_at ~ HU133p2_02066 BC010956 FGF7 Fibroblast growth factor 7 (keratinocyte growth factor) .16
99 208042 _at HU133p2_17472 NM_013303 AGGF1 Angiogenic factor with G patch and FHA domains 1 15
100 230231_at HU133p2_39486 BE549937 FGF14 Fibroblast growth factor 14 .14
101 228266_s_at HU133p2_37521 BE703418 HDGFRP3 Hepatoma-derived growth factor, related protein 3 14
102 210513 _s_at HU133p2_19904 AF091352 VEGFA Vascular endothelial growth factor A 13
103 223690_at HU133p2_32967 AF113211 LTBP2 Latent transforming growth factor beta binding protein 2 13
104 227308_x_at HU133p2_36564 AWS515704 LTBP3 Latent transforming growth factor beta binding protein 3 12
105 220407 _s_at HU133p2_29692 NM_003238 TGFB2 Transforming growth factor, beta 2 12
106 204422 _s_at HU133p2_13870 NM_002006 FGF2 Fibroblast growth factor 2 (basic) 12
107 222112 _at HU133p2_31393 AV710549 EPS15L1 Epidermal growth factor receptor pathway substrate 15-like 1 .10
108 230681 _at HU133p2_39936 Al279879 TBRGI1 Transforming growth factor beta regulator 1 .10
109 236034 _at HU133p2_45284 AA083514 ANGPT2 Angiopoietin 2 .10
110 209961 _s_at HU133p2_19368 M60718 HGF Hepatocyte growth factor (hepapoietin A; scatter factor) .10
111 203628_at HU133p2_13076 HO05812 IGF1R Insulin-like growth factor 1 receptor .10
112 205609_at HU133p2_15057 NM_001146 ANGPT!1 - Angiopoietin 1 .07
113 215075_s_at HU133p2_24370 L29511 GRB2 Growth factor receptor-bound protein 2 .07
114 205226_at HU133p2_14674 NM_006207 PDGFRL Platelet-derived growth factor receptor-like .06
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115
116
117
118
119
120
121
122
123
124
125
126
127

128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154

209526_s_at
206987 _x_at
210999_s_at
238453 _at
201392_s_at
216867_s_at
215404 _x_at
225450_at
202728_s_at
203821_at
205110_s_at
223049 _at
202409_at

231773 _at
210428 _s_at
226705_at
203131 _at
222164_at
219304 _s_at
202729_s_at
216693_x_at
207937_x_at
205302_at
38037_at
210512_s_at
225459 _at
209524 _at
218847 _at
201494 _at
202609_at
203820_s_at
212171_x_at
201393_s_at
218718_at
211485_s_at
211568_at
232680_at
239183_at
204379_s_at
208441_at

HU133p2_18940
HU133p2_16434
HU133p2_20367
HU133p2_47703
HU133p2_10841
HU133p2_26158
HU133p2_24699
HU133p2_34708
HU133p2_12177
HU133p2_13269
HU133p2_14558
HU133p2_32329
HU133p2_11858

HU133p2_41028
HU133p2_19827
HU133p2_35961
HU133p2_12580
HU133p2_31445
HU133p2_28589
HU133p2_12178
HU133p2_25984
HU133p2_17374
HU133p2_14750
HU133p2_54303
HU133p2_19903
HU133p2_34717
HU133p2_18938
HU133p2_28132
HU133p2_10943
HU133p2_12058
HU133p2_13268
HU133p2_21478
HU133p2_10842
HU133p2_28003
HU133p2_20813
HU133p2_20894
HU133p2_41935
HU133p2_48433
HU133p2_13827
HU133p2_17861

AB029156
NM_003862
U66065
AJ628573
BG031974
X03795
AK024388
Al433831
AI986120
NM_001945
NM_004114
AF246238
X07868

BF002046
AF260566
BE467261
NM_006206
AU145411
NM_025208
NM_000627
AL133102
NM_023110
NM_000596
M60278
AF022375
AU157155
AK001280
NM_006548
NM_005040
NM_004447
NM_006547
H95344
NM_000876
NM_016205
AF211188
ABO11122
AI352424
W67461
NM_000142
NM_015883

HDGFRP3
FGF18
GRB10
FGFBP3
IGF2R
PDGFA
FGFR1
AMOTLI
LTBP1
HBEGF
FGF13
GRB2
IGF2///INS-IGF2

ANGPTL1
HGS
FGFR1
PDGFRA
FGFR1
PDGFD
LTBP1
HDGFRP3
FGFR1

- IGFBP!
HBEGF
VEGFA

AMOTL1
HDGFRP3
IGF2BP2
PRCP
EPS8
IGF2BP3
VEGFA
IGF2R
PDGFC
FGF18
BAI3
HDGFL1
ANGPTL1
FGFR3
IGF1R

Hepatoma-derived growth factor, related protein 3

Fibroblast growth factor18

Growth factor receptor-bound protein 10

Fibroblast growth factor-binding protein 3

Insulin-like growth factor 2 receptor

Platelet-derived growth factor alpha polypeptide

Fibroblast growth factor receptor 1

Angiomotin-like 1

Latent transforming growth factor beta binding protein 1

Heparin-binding EGF-like growth factor

Fibroblast growth factor 13

Growth factor receptor-bound protein 2

Insulin-like growth factor 2 (somatomedin A)///INS-IGF2
readthrough transcript

Angiopoietin-like 1

Hepatocyte growth factor—regulated tyrosine kinase substrate

Fibroblast growth factor receptor 1

Platelet-derived growth factor receptor, alpha polypeptide

Fibroblast growth factor receptor 1

Platelet-derived growth factor D

Latent transforming growth factor beta binding protein 1

Hepatoma-derived growth factor, related protein 3

Fibroblast growth factor receptor 1

Insulin-like growth factor-binding protein 1

Heparin-binding EGF-like growth factor

Vascular endothelial growth factor A

Angiomotin-like 1

Hepatoma-derived growth factor, related protein 3

Insulin-like growth factor 2 mRNA-binding protein 2

Prolylcarboxypeptidase (angiotensinase C)

Epidermal growth factor receptor pathway substrate 8

Insulin-like growth factor 2 mRNA-binding protein 3

Vascular endothelial growth factor A

Insulin-like growth factor 2 receptor

Platelet-derived growth factor C

Fibroblast growth factor 18

Brain-specific angiogenesis inhibitor 3

Hepatoma-derived growth factor-like 1

Angiopoietin-like 1

Fibroblast growth factor receptor 3

Insulin-like growth factor 1 receptor

.06
06
.05
.04
.03
.02
.02
.01
.00
.00
—.01
—.01
—.03

—.03
-.05
—.05
—.05
—-.07
-.07
—-.07
-.07
—.08
-.09
-.09
—.09
-.13
-.13
-.15
-.17
-.19
-.22
-23
-23
—-.25
—.28
—.29
-.31
.31
-.33
-.33
(Continued)
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" Table 2. (Continued)

Representative Average
No. Probe set ID Probe ID public ID Gene symbol Gene title log2 ratio
155 231031 _at HU133p2_40286 Al761573 KGFLP2 Keratinocyte growth factor-like protein 2 -34
156 208228_s_at HU133p2_17654 M87771 FGFR2 Fibroblast growth factor receptor 2 —.36
157 211029_x_at HU133p2_20396 BC006245 FGF18 Fibroblast growth factor 18 -38
158 209521_s_at HU133p2_18935 AF286598 AMOT Angiomotin . -.39
159 228699_at HU133p2_37954 Al741712 NRP2 Vascular endothelial cell growth factor 165 —-.40

) receptor 2 (VEGF165R2)
160 211551 _at HU133p2_20877 K03193 EGFR Epidermal growth factor receptor (erythroblastic —.42
: leukemia viral (v-erb-b) oncogene homolog, avian)
161 204421 _s_at HU133p2_13869 M27968 FGF2 Fibroblast growth factor 2 (basic) —42
162 205782_at HU133p2_15230 NM_002009 FGF7 Fibroblast growth factor 7 (keratinocyte growth factor) —44
163 205586_x_at HU133p2_15034 NM_003378 VGF VGF nerve growth factor inducible - .44
164 203819_s_at HU133p2_13267 AU160004 IGF2BP3 Insulin-like growth factor 2 mRNA-binding protein 3 - .47
165 215305_at HU133p2_24600 H79306 PDGFRA Platelet-derived growth factor receptor, alpha polypeptide —.49
166 1554741_s_at ~ HU133p2_01794 AF523265 FGF7///KGFLP1///KGFLP2  Fibroblast growth factor 7 (keratinocyte growth -.57
factor)///keratinocyte growth factor-like protein 1
167 230288 _at HU133p2_39543 AW418619 FGF14 Fibroblast growth factor 14 —.64
168 209946_at HU133p2_19353 U58111 VEGFC Vascular endothelial growth factor C -.82
169 230410_at HU133p2_39665 N25995 NRP2 Vascular endothelial cell growth factor 165 receptor -91
2 (VEGF165R2)

170 206204_at HU133p2_15651 NM_004490 GRB14 Growth factor receptor-bound protein 14 —.96
171 219803_at HU133p2_29088 NM_014495 ANGPTL3 Angiopoietin-like 3 -1.10
172 231684_at" ~ HU133p2_40939 AV659209 ANGPTL3 Angiopoietin-like 3, mRNA (cDNA clone IMAGE: 3934961) ~1.47
173 203638_s_at HU133p2_13086 NM_022969 FGFR2t Fibroblast growth factor receptor 2 —1.84
174 207750_at HU133p2._17192 NM_018510 EPS15L2 Epidermal growth factor receptor pathway substrate 15-like 2 —-2.22
175 206423 _at HU133p2_15870 NM_021146 ANGPTL7 Angiopoietin-like 7 —2.40

Abbreviations: cDNA, complementary DNA; mRNA, messenger RNA.

*More than 5 of comparison sets showing (log2 ratio = 1 and the detection call of the highly calcified plaque “P”).
tMore than 5 of comparison sets showing (log2 ratio = —1 and the detection call of the low-calcified plaque *P”’).
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ANGPTL4 EXPRESSION IN CALCIFIED CAROTID PLAQUES

Figure1. Results of microarray analysis, Gen- )
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tor 2.

(Roche Diagnostics) mix solution and were run in dupli-
cate in a LightCycler480 (Roche Diagnostics) (1 cycle at
95°C for 10 min, 40 cycles at 95°C for 10 s, 60°C for 10s,
and 72°C for 10 s (target genes) or 20 s (B-actin). The am-
plified transcripts were quantified by comparative com-
. puted tomography method using human B-actin as the
internal control. The primer sequences on the basis of
GenBank accession numbers were as follows: human
angiopoietin-like protein 4 (ANGPTL4; NM_139314.1,
124 bp)—forward: 5-ACT TGG GAC CAG GAT CAC
GA-3' and reverse: 5-GTG GGA TGG AGV GGA AGT-
3'; human fibroblast growth factor receptor 2 (FGFR2;
NM_000141.4, 98 bp)—forward: 5-AAC GGG AAG
GAG TTT AAG CA-3 and reverse 5-TTG TCA GAT
GGG ACC ACA CT-3".

Western Blotting

Three high-calcified plaques (H7: 911.1, H8: 680.9, H9:
614.0) and 3 low-calcified plaques (L7: 26.6, L8: 55.5, L9:
83.5) were used for Western blotting analysis. Total
+ cellular proteins were isolated with T-PER tissue protein
extraction reagent (Thermo Scientific, Pierce Biotechnol-
ogy, Rockford, IL). Proteins were quantitated by BCA pro-
tein assay reagent (Pierce Biotechnology), and equal
amounts of protein from each sample (10 pg per lane)
were separated on 10% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis followed by electroblot-
ting to polyvinylidene difluoride membranes (Hybond
P; GE Healthcare, Buckinghamshire, UK). Membranes
were blocked in 1% skimmed milk and .1% Tween 20 in
phosphate-buffered saline. ANGPTL4 was detected using
mouse polyclonal antibody (1:500; Abnova, Taipei, Tai-
wan). FGFR2 was detected using mouse monoclonal anti-
bodies (1:200; Abnova). The secondary antibody was
horseradish peroxidase—conjugated rabbit anti-mouse
immunoglobulin (IgG; 1:400,000; Millipore, Merck Milli-
pore, Billerica, MA). Proteins were visualized using ECL

Plus Western Blotting Detection Reagents (GE Health-

care). Semiquantitative analysis of protein concentration
from Western blots was performed using a scanner with
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analyzing software (Scion Image; Scion Co., Frederick,
MD).

Immunohistochemistry

The same plaques used in Western blotting analysis
were also applied for immunohistochemistry.
Paraformaldehyde-fixed sections of the specimens were

- embedded in paraffin. The sections were deparaffinized,

rinsed in Tris-buffered saline (TBS), and treated with
.3% hydrogen peroxide in methanol (30 min at room tem-
perature). Slides were placed in DAKO Protein Block
(Dako, Glostrup, Denmark) for 10 minutes before Avi-
din/Biotin Blocking Kit (SP-2001; Vector Laboratories,
Burlingame, CA) was applied. Primary antibodies
(ANGPTL4 mouse monoclonal antibody, 1:500, ALX-
804-723; ENZO Life Sciences, Farmingdale, NY; FGFR2
mouse monoclonal antibody, 1:500, Abnova H00002263-
MO1) were added, and sections were incubated overnight
at 4°C. Anti-rabbit Biotin (E0432; Dako) was applied fol-
lowing rinsing in TBS, and the slides were incubated for
30 minutes at room temperature. The streptavidin—perox-
idase complex (426062; Nichirei, Tokyo, Japan) was then
used, and the sections were incubated for 5 minutes fol-
lowed by rinsing in TBS. Diaminobenzidine was used as
the chromogen and counterstained with hematoxylin.
Mouse IgGl (X0931; Dako) and Mouse IgG2b
(MABO0042; R&D Systems, Minneapolis, MN) served as
negative controls, respectively.

Statistical Analysis

All statistical evaluations were performed with statisti-
cal software (Statview version 5.0; SPS, NC), and all
results are presented as mean * SEM values. The
Mann-Whitney U test was used to compare the expres-
sion of real-time PCR and the signal intensities of Western
blotting analysis for high- and low-calcified plaques and
to compare the degrees of stenosis between them. Values
of P less than .01 were considered significant.
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Table 3. Representative calcification/osteogenesis-related transcripts detected in microarray analysis for high- and low-calcified
' carotid plaques
Average
Representative log2
No. Probe set ID Probe ID public ID Gene symbol Gene title - ratio
1 1559201_a_at  HU133p2_04651 BU929456- OSTF1 Osteoclast stimulating factor .63
2 204114 _at HU133p2_13562 NM_007361 NID2 Nidogen 2 (osteonidogen) .62
3 218730_s_at HU133p2_28015 NM_014057 OGN Osteoglycin .53
4 222722 at HU133p2_32002 AV700059 OGN Osteoglycin 29
5 204479_at HU133p2_13927 NM_012383 OSTF1 Osteoclast stimulating factor 1 27
6 204832 _s_at HU133p2_14280 NM_004329 BMPRI1A Bone morphogenetic protein .16
receptor, type 1A
7 236179_at HU133p2_45429 AI754693 CDH11 Cadherin 11, type 2, .16
OB-cadherin (osteoblast)
8 225144 _at HU133p2_34402 AI457436 BMPR2 Bone morphogenetic protein .14
receptor, type II (serine/ -
threonine kinase)
9 206176_at HU133p2_15623 NM_001718 BMP6 Bone morphogenetic protein 6 .13
10 221615_at HU133p2_30898 AF104013 BMPSA/// Bone morphogenetic protein .07
BMP8B 8a///bone morphogenetic
protein 8b )
11 231873 _at HU133p2_41128 AL046696 BMPR2 Bone morphogenetic protein .07
' reeeptor, type II (serine/
threonine kinase)
12 205908_s_at HU133p2_15356 NM_005014 OMD Osteomodulin .06
13 213578 _at HU133p2_22879 AI678679 BMPRI1A Bone morphogenetic protein .06
receptor, type [A
14 207172_s_at HU133p2_16618 NM_001797 CDHI11 Cadherin 11, type 2, .04
OB-cadherin (osteoblast)
15 205289_at HU133p2_14737 AA583044 BMP2 Bone morphogenetic protein 2 .03
16 238516_at HU133p2_47766 BF247383 BMPR2 Bone morphogenetic protein —.04
. receptor, type II (serine/
threonine kinase)
17 1554503_a_at  HU133p2_01617 BC035023 OSCAR Osteoclast associated, —-.05
: immunoglobulin-like
. ‘ receptor
18 207173_x_at HU133p2_16619 D21254 CDH11 Cadherin 11, type 2, —.08
OB-cadherin (osteoblast)
19 212667 _at HUI133p2_21973  AL575922 SPARC Secreted protein, acidic, -.09
cysteine rich (osteonectin)
20 239286_at HU133p2_48536 AI038737 CDHI11 Cadherin 11, type 2, -.10
OB-cadherin (osteoblast) .
21 205290_s_at HU133p2_14738 NM_001200 BMP2 Bone morphogenetic protein 2 —-.13
22 243287 _s_at HU133p2_52538 H04482 OSTM1 Osteopetrosis—assoéiated -.13
transmembrane protein 1
23 205907_s_at HU133p2_15355 AI765819 OMD Osteomodulin -.19
24 231993 _at HU133p2_41248 AK026784 ITGBL1 Osteoblast-specific -.21
cysteine-rich protein i
25 1555778_a_at  HU133p2_02565 AY140646 POSTN Periostin, osteoblast-specific —.28
factor
26 202363_at - HU133p2_11812 AF231124 SPOCK1 Sparc/osteonectin, cwev, and -.34
i kazal-like domains
proteoglycan (testican) 1
27 241141 _at HU133p2_50391 AI968068 BMP6 CDNA FLJ51307 complete —.54
cds, highly similar to bone
morphogenetic protein
6 precursor
(Continued)
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Table 3. (Continued)
Average
Representative log2
No. Probe set ID Probe ID public ID Gene symbol Gene title ratio
28 1557079 _at HU133p2_03426 Al753143 ITGBL1 Osteoblast-specific -7
cysteine-rich protein
29 229975_at HU133p2_39230 Al826437 BMPR1B Bone morphogenetic protein -.77
. receptor, type IB
- 30 242579 _at HU133p2_51829 AA935461 BMPR1B Bone morphogenetic protein -1.00
receptor, type IB
31 206434 _at HU133p2_15881 NM_016950 SPOCK3 Sparc/osteonectin, cwcyv, and -1.61

kazal-like domains
proteoglycan (testican) 3

Results
Microarray

GeneChip analysis showed 93 angiogenesis or growth
factor-related transcripts reliably expressed (175 probe
sets, Table 2 and Fig 1). Among them, 2 genes showed sig-

- nificant difference to fulfill the criteria: (1) (log2 ratio = 1
and the detection call of the highly calcified plaque “P”) in
more than 5 of 7 comparison sets or (2) (log2 ratio = —1
and the detection call of the low-calcified plaque “P”) in
more than 5 of 7 comparison sets. ANGPTL4 expression
was significantly elevated, whereas FGFR2 expression
was significantly suppressed in the high-calcified pla-
ques.

As for calcification or osteogenesis-related factors and
hypoxia-inducible factors, 19 transcripts in 31 probe sets
(Table 3 and Fig 2) and 3 transcripts in 6 probe sets.
(Table 4 and Fig 3) expressed, respectively, but no genes
showed significant difference to fulfill the above criteria.
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Figure 2. Results of microarray analysis. As for calcification or
osteogenesis-related factors and hypoxia-inducible factors, 19 transcripts
in 31 probe sets expressed, but no genes showed significant difference to fulfill
the present criteria. Gene numbers correspond to those shown in Table 3 in

the order of average log2 ratio.
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Significant expression of osteopontin (BSP-1, BNSP,
ETA-1, and SPP1) was not observed in our series.

Real-Time PCR

ANGPTL4 and FGFR2 were analyzed by quantitative
real-time PCR. The messenger RNA (mRNA) expression
of ANGPTLA was significantly higher in highly calcified
plaques, and mRNA expression of FGFR2 was lower
than low-calcified plaques, revealing 1.28-fold induction
for ANGPTL4 and .58-fold induction for FGFR2 (both
P <.001) (Fig 4).

Western Blotting

Western blotting was used to quantify the relative pro-
tein expression of ANGPTL4 and FGFR2 for high- and
low-calcified plaques. The expression of ANGPTL4 pro-
tein with high-calcified plaques was significantly higher
than that of one with low-calcified plaques, whereas
FGFR2 protein expression was significantly lower
(P <.001, respectively, Fig 5, A,B).

Immunohistochemistry

Immunohistochemistry showed increased expression
of ANGPTL4 in endothelial cells and in smooth muscle
cells of the intima of high-calcified plaques (Fig 6, C).
FGFR2 staining was not remarkable in high-calcified pla-
ques, whereas strong immunoreactivity was observed
mainly in the intimal smooth muscle cells of low-
calcified plaques (Fig 6, G).

Discussion

In the present study, we first demonstrated increased
gene and protein expression of ANGPTL4 in high-
calgjfied plaques, whereas the expression of FGFR2 was
suppressed and was rather remarkable in low-calcified
plaques. :

Most of the investigators who have studied gene ex-
pression in carotid plaques have focused on the difference
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Table 4. Hypoxia-inducible factorsiprotein-related transcripts detected in microarray analysis for high- and low-calcified carotid
plaques
. Average
Representative log2
No.  Probe set ID Probe ID public ID Gene symbol Gene title ratio
1 .222124_at HU133p2_31405 NM_173503  EFCAB3//LOC  EF hand calcium-binding 1.72
) 100133744 domain 3///similar to
! . hypoxia-inducible protein 2
2 218507 _at HU133p2_27793 AK021881 HIF3A Hypoxia-inducible factor 3, 46
: alpha subunit
3 1553392_at ~ HU133p2_00818  BC001863 HIG2 Hypoxia-inducible protein 2 15
4 1556069_s_at  HU133p2_02771 NM_013332 HIG2 Hypoxia-inducible protein 2 —-.26
5 -1555318_at HU133p2_02232  AK021881 HIF3A Hypoxia inducible factor L =42
i 3, alpha subunit -
‘ 6 1554452_a_at HU133p2_01578 BC026308 HIF3A Hypoxia inducible factor -.63

3, alpha subunit

between symptomatic and asymptomatic plaqués‘ Vemu-
ganti et al performed microarray analysis and revealed
that the transcripts expressed more abundantly in the
symptomatic plaques were those concerning active cell
proliferation, neoplastic process, control ionic homeosta-
sis, the progression of degenerative neurological diseases,
and angiogenesis.”® Razuvaev et al® disclosed that genes
associated with inflammation (such as RANKL and
CD68) were overexpressed in symptomatic compared
with asymptomatic plaques using a database of clinical
information and microarray data from 106 CEA. Wahlg-
ren et al’® confirmed the lower expression of proinflam-
matory factors (mMRNA and protein expression for
monocyte chemotactic protein-1 and interleukin-8) in cal-
cified plaques compared with noncalcified plaques by
real-time PCR and Western blotting. However, there has
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Figure 3. Results of microarray analysis. As for hypoxia-inducible factors,
3 transcripts in 6 probe sets expressed, but no genes showed significant dif-
Sference to fulfill the present criteria. **," indicates the detection call of the
highly calcified plaque “A (absent).” Gene numbers correspond to those
shown in Table 4 in the order of average log2 ratio.

been no finding of more abundant gene expression de-
tected by microarray analysis in highly calcified plaques
compared with low-calcified plaques.

ANGPTL4 is known as a hepatic fibrinogen/
angiopoietin-related protein, fasting-induced adipose fac-
tor, -peroxisome proliferator-activated receptors, and
gamma angiopoietin-related protein. It is 1 of 7 members
of the ANGPTL family (ANGPTL1-7)."! ANGPTL4 was
previously referred to as ANGPTL2 but has been re-
named ANGPTL4. ANGPTL4 has been implicated in
the regulation of angiogenesis and a variety of diseases
including cardiovascular disease, wound repair, inflam-
mation, and arthritis.

However, Ito et al*? found that ANGPTLA4 did not induce
neovascularization in a corneal pocket assay. They showed
that ANGPTL4 inhibits vascular endothelial growth factor
(VEGF)-induced neovascularization. K14-ANGPTL4
transgenic mice show no evidence of increased vascularity
in skin tissues compared with controls. Tumor angiogene-
sis was inhibited when tumors were transplanted into the
skin of K14-ANGPTL4 mice, suggesting that ANGPTL4 is
an antiangiogenic factor. Peroxisome proliferator-acti-
vated receptor v is expressed in endothelial cells, and its
ligands are potent negative modulators of angiogenesis.'?
ANGPTLA is predicted to exert antiangiogenic effects.

On the other hand, the mammalian FGF family is com-
posed of 18 ligands that elicit their actions through 4
highly conserved transmembrane tyrosine kinase recep-
tors (FGFR1-4)."* FGFs have functions such as cell prolif-
eration, migration, differentiation, and angiogenesis in
various cells and tissues. The angiogenic properties of
FGF1 and 2 are well known. Specifically, FGF1 and 2 in-
duce the promotion of endothelial cell proliferation and
the physical organization of endothelial cells into tube-
like structures.'® Decreased expression of FGFR? in the
present study indicated that angiogenesis was sup-
pressed in the heavily calcified plaques.
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Figure 4. Results of real-time polymerase
chain reaction. The mRNA expression of
ANGPTL4 was significantly higher in HCPs
(H4-H6) and FGFR2 mRNA expression was
lower than LCPs (L4-L6), revealing 1.28-fold in-
duction for ANGPTL4 and .58~fold induction for
FGFR2 (both P < .001). Abbreviations:
ANGPTL4, angiopoictin-like protein 4; FGFR2,
fibroblast growth factor receptor 2; HCP, high-
calcified  plague; LCP, low-calpified  plague;
mRNA, messenger RNA.

¥
mRNA relative to beta-actin {x10-3)

Though Kadomatsu et al'® reported that ANGPTL4 ex-
pression was induced by both chronic hypoxia and en-
doplasmic reticulum stress resulting from adipose
tissue expansion, it is conceivable to think that
ANGPTL4 was induced to perform an antiangiogenic
modulating function rather than in response to the
chronic hypoxia, considering the downregulation of
FGFR?2 in high-calcified plaques. This possibility is com-
patible with the result that other well-known hypoxia-in-
ducible transcripts, HIF-1e. and its family, which might
lead to angiogenesis via expression of VEGFY were not
upregulated nor VEGF. This is consistent with the fact
that the highly calcified plaques contained fewer hemor-
rhages and ulcers compared with the low-calcified pla-
ques as in our specimens. However, because the
percentage of symptomatic cases was the same in high-
and low-calcified plaque groups in the present study,
the relationship between symptoms and ANGPTL4 ex-
pression was not apparent. However, many investigators

A 52KD A s

) 36KDam—
Figure 5. Results of Western blotting analy- :

sis. Significantly more abundant expression of

the ANGPTL4 gene was detected in high- B
calcified than in low-calcified plaques, whereas
more remarkable upregulation of the FGFR2
gene was observed in the low-calcified plagues
(A). Comparison of signal intensities revealed
significant  differences between high-calcified
(H7-H9) and low-calcified plaques (L7-L9) con-
cerning the protein expression of ANGPTL4
and FGFR2 on Western blotting (B). Abbrevia-
tions: ANGPTLA, angiopoietin-like protein 4;
FGFR2, fibroblast growth factor receptor 2;
HCP, high-calcified plaque; LCP, low-calcified
plaque; mRNA, messenger RNA.
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have reported the association between hemorrhages or
ulcers in carotid plaques and symptoms,’*?’ and there
is a possibility that upregulation of ANGPTL4 may
contribute to the stability of plaques at least in part.
Because limited cases might affect the present result,
further studies with larger numbers of patients may
elucidate this point.

We could not observe any significant expression to ful-
fill the present criteria regarding calcification or
osteogenesis-related genes in both groups. The expression
of bone morphogenetic protein was reported to be in-
creased at calcification site,” whereas transforming
growth factor-B is produced by osteoblasts and released
from the bone matrix and regulates bone metabolism. Os-
teoglycin interacts with transforming growth factor-f and
induces bone formation.”” The precise reason for no sig-
nificant upregulation of these genes in high-calcified ca-
rotid plaques is not clear. There is a possibility of less
association of these genes to formation of calcification in
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Figure 6. Representative immunohistochemical study of high-calcified plaques (H7, A-D) and low-calcified plaques (L9 E-H). Hematoxylin—eosin (A, B, E, and
F), ANGPTL4 (C), FGFR2 (G), mouse IgG1 (D), and mouse IgG2b (H) staining. (B), (C), (D), (F), (G), and (H) show higher magnifications of the square parts
than (A) and (E). Original magnification X1 (A and E) and X200 (B, C, D, F, G, and H). Abbreviations: ANGPTL4, angiopoietin-like protein 4; FGFR?, fibro-
blast growth factor receptor 2; IgG, immunoglobulin G.

carotid wall, but small number of specimens in the pres-

ent study and strict criteria for significance of expression
might affect the result of analysis.

Conclusions

In high-calcified plaques, ANGPTL4 might be upregu-~
lated for antiangiogenic modulating function together
with the downregulation of FGFR2, contributing to the
stability of the plaques.
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