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ABSTRACT
Rationale. Human genome-wide association studies have identified genetic variants in the
chromosome 9p21 region that confer increased risk of coronary artery disease and other agerelated diseases. These variants are located in a block of high linkage disequilibrium with the
neighbouring Ink4/Arf tumour-suppressor locus (also named CDKN2A/CDKN2B). Since
previous studies suggest an atheroprotective role of the Ink4/Arf locus, here we assessed
whether gain-of-function of the encoded genes can be exploited therapeutically to reduce
atherosclerosis.
Methods. Generation and characterization of apolipoprotein E-null mice carrying an additional
transgenic copy of the entire Ink4/Arf locus (apoE-/-Super-Ink4/Arf) that reproduces the normal
expression and regulation of the endogenous locus.
Results. Although liver and aorta of apoE-/-Super-Ink4/Arf mice only showed a trend towards
increased Ink4/Arf transcript levels compared to apoE-/- controls, cultured macrophages with
increased Ink4/Arf gene dosage exhibited augmented apoptosis induced by irradiation with
ultraviolet light, indicating that low level of transgene overexpression can lead to augmented
Ink4/Arf function. However, increased Ink4/Arf gene dosage did not affect atherosclerosis
development in different vascular regions of both male and female apoE-/- mice fed either
normal or high-fat diet. Increased gene dosage of Ink4/Arf similarly had no effect on atheroma
cell composition or collagen content, an index of plaque stability.
Conclusion. In contrast with previous studies demonstrating cancer resistance in SuperInk4/Arf mice carrying an additional transgenic copy of the entire Ink4/Arf locus, our results cast
doubt on the potential of Ink4/Arf activation as a strategy for the treatment of atherosclerotic
disease.
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INTRODUCTION
Atherosclerosis and associated ischemic events are the leading cause of morbidity and mortality
in industrialized countries. Atherosclerotic plaque development is a multifactorial chronic
inflammatory process characterized by increased neointimal cell proliferation [1], senescence [2]
and apoptosis [3], which is affected by both environmental and genetic factors. Recent genomewide association studies have demonstrated that certain

common single-nucleotide

polymorphisms (SNPs) in the chromosome 9p21 region confer increased risk of coronary artery
disease and other atherosclerotic conditions in humans [4-12]. The core region of the 9p21
atherosclerosis risk haplotype contains no protein coding genes, but is located in a block of high
linkage disequilibrium with the neighbouring Ink4/Arf locus, which includes the cyclin-dependent
kinase (CDK)-inhibitory genes CDKN2A (encoding p16Ink4a) and CDKN2B (encoding p15Ink4b),
and the CDKN2A alternative reading-frame transcript Arf (human p14Arf, mouse p19Arf).
Moreover, the 9p21 risk region overlaps with the sequence that produces ANRIL (Antisense
Noncoding RNA in the Ink4 Locus), a large non-coding RNA with multiple splice variants whose
expression is associated with the 9p21 genotype [13-17].
The mechanisms by which the 9p21 locus affects atherosclerosis development remain
incompletely understood. It is noteworthy that the CDKN2A and CDKN2B genes are tumour
suppressors that regulate several cellular processes that contribute to atherosclerosis
development, including cell proliferation and apoptosis [18]. p16Ink4a and p15Ink4b are negative
regulators of cell proliferation that block cell-cycle progression by inhibiting cyclin D-containing
CDK4,6 complexes and the ensuing accumulation of hypophosphorylated retinoblastoma
protein. Arf suppresses growth and promotes apoptosis by stabilizing p53 through inhibition of
the ubiquitin ligase MDM2. Remarkably, p16Ink4a, p15Ink4b and Arf are expressed in human
atherosclerotic plaques [19], and some studies in blood cells have found a significant
association between altered expression of Ink4/Arf transcripts and certain high-risk SNPs within
the 9p21 region [15, 17]. These findings support the possibility that impaired Ink4/Arf gene
expression is involved in the increased atherosclerosis susceptibility associated with the 9p21
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risk haplotype. Consistent with this notion, ANRIL has been shown to directly repress the
expression of the Ink4/Arf locus [20, 21], and deletion of a 70-kb non-coding region on mouse
chromosome 4, orthologous to the human 9p21 locus, greatly reduces cardiac expression of the
murine CDKN2A and CDKN2B genes [22]. However, given the complexity of the Ink4/Arf locus
and the multiplicity of ANRIL variants, further studies are required to establish a clear link
between the 9p21 region and disturbed expression or function of Ink4/Arf gene products [12,
23].
Regardless of the molecular connection between 9p21 and Ink4/Arf expression, animal
studies strongly support a role of the encoded genes in vasculoproliferative disease. Local
delivery of p15Ink4b significantly inhibits in-stent neointimal hyperplasia in a rabbit angioplasty
model [24]. Moreover, we have shown that whole-body ablation of Arf reduces apoptosis of
neointimal macrophages and vascular smooth muscle cells (VSMCs) and accelerates
atherosclerosis in hypercholesterolaemic apolipoprotein E-null (apoE-/-) mice [25]. More
recently, Kuo et al. [26] reported that transplantation of bone marrow-derived cells with p16Ink4a
and Arf deficiency into irradiated cholesterol-fed low-density lipoprotein receptor (LDLR)deficient mice accelerates atherosclerosis, coinciding with increased monocyte/macrophage
proliferation. Likewise, primary VSMCs lacking the 70-kb non-coding region on mouse
chromosome 4 orthologous to the human 9p21 locus exhibit excessive proliferation [22]. While
these studies suggest an atheroprotective role for the Ink4/Arf locus, they leave unanswered the
question of whether gain-of-function of the encoded genes can be exploited therapeutically to
reduce atherosclerosis. In this study, we approach this question by analysing atherosclerosis
development in apoE-/- mice with increased dosage of the murine Ink4/Arf locus (apoE-/-SuperInk4/Arf).
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METHODS
Mice, diet, and metabolic measurements. Care and manipulation of mice was in accordance
with European Commission guidelines and was approved by institutional ethics review board.
Transgenic Super-Ink4/Arf mice carrying one extra transgenic copy of the entire Ink4/Arf locus
[27] were backcrossed for more than 8 generations in a C57BL/6J background and then
interbred with apoE-/- mice (C57BL/6J, Charles River) to generate apoE-/-Super-Ink4/Arf mice.
For the analysis of native atherosclerosis, apoE-/- and apoE-/-Super-Ink4/Arf mice were
maintained on a low-fat standard diet (2.8% fat; Panlab) and were sacrificed at eight months of
age. For diet-induced atherosclerosis, 2-month-old mice were challenged for 10 weeks with a
high-fat atherogenic diet (10.8% total fat, 0.75% cholesterol, S4892-E010, SSNIFF). Plasma
lipid levels in overnight-fasted mice were measured by enzymatic procedures (WAKO). The
number of mice included in each study is indicated in the legends of the figures.

Gene expression analysis by quantitative real-time PCR (qPCR). RNA was obtained from
murine liver and aorta (aortic arch and thoracic aorta) using TRIzol Reagent (Invitrogen). After
verification of purity and concentration by the A260/280 ratio, RNA (0.5-1μg) was retrotranscribed with High Capacity cDNA Reverse Transcription Kit and amplified using Power
SYBER green master mix (both from Applied Biosystems). The following primers (Forward: Fw;
Reverse: Rv) designed with the Primer Express software (Applied Biosystems) were used
(mouse sequences):
Ink4a: Fw-5’-CGAACTCTTTCGGTCGTACCC-3’; Rv-5’-TTGAGCAGAAGAGCTGCTACG-3’
Ink4b: Fw-5’-AGATCCCAACGCCCTGAACC-3’; Rv-5’-ACAGGTCTGGTAAGGGTGGC-3’
Arf: Fw-5’-TCTTGAGAAGAGGGCCGCACC-3’; Rv-5’-GAATCTGCACCGTAGTTGAGC-3’
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Reactions were run on a thermal Cycler 7500 Fast System and results were analyzed with the
software provided by the manufacturer (Applied Biosystems). Gene expression was normalized
to housekeeping controls (GAPDH and 18S for liver and 18S for aorta).

Macrophage culture and apoptosis assay. Bone marrow-derived macrophages were
obtained from suspensions of femoral bone marrow, plated at 1x106 cells/mL and differentiated
for 7d in DMEM supplemented with antibiotics, 10% fetal bovine serum and 10% L929-cell
conditioned medium as a source of macrophage colony-stimulating factor. Macrophages were
irradiated with ultraviolet (UV) light (80 J/m2), and cultured for an additional 24h. Cells were
trypsinized, washed with PBS, collected by centrifugation (5min, 400g), fixed with 80% ethanol
(1h, -20°C), and labelled with propidium iodide (50 g/ml) in the presence of RNase A (0.025
mg/ml) for 30min at room temperature. Apoptotic hypodiploid cells were detected using a BD
FACSCanto Flow cytometer (BD Biosciences).

Atherosclerosis burden. Mice were sacrificed and the aorta was removed after in situ
perfusion with PBS followed by 4% paraformaldehyde/PBS. Fixation was continued overnight at
4ºC. Whole aortas were stained with 0.2% Oil Red O in 80% methanol, and portions of aortic
sinus and ascending aorta were paraffin-embedded to obtain cross-sections as described [25].
An operator blinded to genotype quantified the extent of atherosclerosis in Oil Red O-stained
whole-mount tissue and in hematoxylin/eosin-stained cross-sections using computer-assisted
morphometric analysis (SigmaScan Pro5, Aspire Software International). For each mouse,
atherosclerosis burden in cross-sections was calculated as the average of 4 independent
sections separated by 6 µm.
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Immunohistochemical analysis of atheroma. Immunohistopathological examination of
atheromas was performed by a researcher blinded to genotype and included quantification of
macrophage, VSMC, and collagen content. VSMCs were identified with alkaline-phosphataseconjugated mouse anti-smooth muscle -actin (SMα-actin) monoclonal antibody (1/25 dilution,
clone 1A4) and Fast Red substrate (both from Sigma). Macrophages were identified with rat
anti-Mac3 monoclonal antibody (1/200 dilution, clone M3/84, sc-19991, Santa Cruz
Biotechnology), followed by incubation with biotin-conjugated goat anti-rat secondary antibody
(1/300 dilution, sc-2041, Santa Cruz Biotechnology), streptavidin- HRP (TS-060-HR, Lab Vision
Corporation) and DAB substrate (BUF021A, AbD Serotec). Collagen was detected by Masson´s
trichrome staining. Tissue sections were counterstained with hematoxylin and images were
acquired with an Olympus CAMEDIA-C5060 wide zoom digital camera (Olympus) mounted on
an Axiolab stereomicroscope (Carl Zeiss). Collagen was quantified with Metamorph (Molecular
Devices), and Mac3 and SMα-actin using ImageJ (National Institutes of Health).

Neointimal cell proliferation and apoptosis. Proliferation within atherosclerotic plaques was
estimated by double staining with anti-Ki67 plus anti-F4/80 or anti-Ki67 plus anti-SMα-actin to
identify proliferating macrophages and VSMCs, respectively. After deparaffinization, antigen
retrieval and blockade of non-specific interactions (5% horse serum in PBS, 45min), histological
sections were incubated for 2h at 37º C with anti-Ki67 antibody (prediluted, Clone SP6; Vitro)
together with anti-F4/80 (1/100 dilution, MCA497G, AbD Serotec) or anti-SMα-actin (1/75
dilution,Cy3-conjugated, C6198, SIGMA). F4/80 was visualized with Alexa Fluor 488-conjugated
secondary antibodies (A11006, Invitrogen) and Ki67 with Alexa Fluor 635-conjugated anti-rabbit
IgG (A31577, Invitrogen). Plaque apoptosis was determined using the terminal deoxynucleotidyl
transferase dUTP

nick-end

labelling

(TUNEL)

method,

following

the manufacturer’s

recommendations (In Situ Cell Death Detection Kit Fluorescein, Roche). Nuclei were stained
with DAPI and slides were mounted in Slow-Fade Gold Antifade reagent to acquire images on a
Leica SP5 confocal microscope fitted with a 40X oil-immersion objective. Settings were adjusted
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to maximize the signal-to-noise ratio. The sequential mode was used for image acquisition in
order to avoid any interference from overlapping fluorescence. Images were analyzed with
Metamorph by a researcher who was blinded to genotype.

Data analysis. Results are expressed as meansSE. In experiments with two groups, statistical
significance was evaluated with a 2-tailed, unpaired t-test. Otherwise, a two-way ANOVA with
Bonferroni’s post-hoc test was used (GraphPad Prism software). A value of p<0.05 was
considered significant.
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RESULTS
Atherosclerosis development in fat-fed apoE-/- and apoE-/-Super-Ink4/Arf mice. To assess
whether increased Ink4/Arf gene dosage protects against atherosclerosis development, we
crossed atherosclerosis-prone apoE-/- mice with Super-Ink4/Arf mice to generate apoE-/- mice
with either normal Ink4/Arf gene dosage or with an extra transgenic allele of the entire
endogenous locus (apoE-/-Super-Ink4/Arf mice). Previous studies have shown that SuperInk4/Arf mice regulate transgene expression similarly to the endogenous gene, exhibiting
moderately increased p16Ink4a, p15Ink4b and p19Arf expression in a number of tissues at old ages
(~1.5-year-old mice) [27]. Likewise, the basal levels of p16Ink4a and p19Arf were only modestly
increased in mouse fibroblasts obtained from Super-Ink4/Arf embryos [28]. Consistent with
these previous studies, we observed a modest upregulation of Ink4/Arf transcript levels in liver
and aorta of 4-8-month-old apoE-/-Super-Ink4/Arf mice compared to age-matched apoE-/controls (Fig.1A). Although differences only reached statistical significance in Ink4b expression
in liver, we found higher UV-induced apoptosis in macrophages derived from apoE-/-SuperInk4/Arf bone marrow than in apoE-/- cells, suggesting increased functionality of the Ink4/Arf
transgene in spite of its low level of expression (Fig.1B). We next analysed atheroma size in
different vascular regions of female mice that had been fed a high-fat diet for 10 weeks. Fatfeeding significantly increased circulating levels of cholesterol and triglycerides, with no
differences observed between genotypes (Fig.2A). Atheroma size was also comparable
between female apoE-/- and apoE-/-Super-Ink4/Arf mice, as revealed by examination of wholemount oil Red-O–stained aortic arch and thoracic aorta (Fig.2B), and hematoxylin/eosin-stained
cross-sections of aortic sinus and ascending aorta (Fig.2C). Similarly, the atherosclerosis
burden in the aortic arch, thoracic aorta and aortic sinus was indistinguishable in fat-fed apoE-/and apoE-/-Super-Ink4/Arf males (Fig.S1, online supplement). Immunohistological examination
of plaque composition in the aortic sinus of males and females also revealed no differences
between genotypes in lesional content of Mac3-immunoreactive macrophages, SMα-actinimmunoreactive VSMCs or collagen (Fig.3).
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Atherosclerosis development in apoE-/- and apoE-/-Super-Ink4/Arf mice fed standard
chow. To investigate the consequences of increased gene dosage of Ink4/Arf on
atherosclerosis development under a less atherogenic setting, we examined 8-month-old apoE/- and apoE-/-Super-Ink4/Arf mice fed standard low-fat chow. These studies revealed similar
plasma lipid levels (Fig.4A) and comparable atheroma size in the aortic arch (Fig.4B) and aortic
sinus of mice of both genotypes (Fig.4C). The relative plaque content of macrophages and
collagen was also comparable in apoE-/- and apoE-/-Super-Ink4/Arf mice (Fig.4D). However,
we observed a slight increase in VSMC content in atherosclerotic plaques of apoE-/-SuperInk4/Arf mice fed standard chow that just reached statistical significance (p= 0.0471) (Fig.4D).

Increased gene dosage of the Ink4/Arf locus does not affect neointimal cell proliferation
or apoptosis. The size and stability of atherosclerotic lesions are both determined by the
balance between cell proliferation and apoptosis. Given the important role of the Ink4/Arf locus
in regulating these processes, we measured cell proliferation and apoptosis in plaques from 8month-old

apoE-/-

immunofluorescence

and

apoE-/-Super-Ink4/Arf

studies

revealed

similar

mice

fed

percentage

standard
of

chow.

neointimal

Double

proliferating

macrophages (Ki67-F4/80 double-positive cells) (Fig.5A) and VSMCs (Ki67-SMα-actin doublepositive cells) (Fig.5B) in both genotypes. To assess plaque apoptosis, aortic sinus crosssections were examined using the TUNEL method. Only 1.2-1.5% of total cells were TUNELpositive in apoE-/- and apoE-/-Super-Ink4/Arf atheromata, and average values did not display
statistically significant differences between genotypes (Fig.5C).
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DISCUSSION
Recent studies have identified common SNPs in a region of chromosome 9p21 near the
Ink4/Arf locus that confer increased risk of atherosclerotic disease [4-12]. Although animal
studies suggest that expression of p16Ink4a and Arf protect against atherosclerosis [25, 26], it
remains to be determined whether the Ink4/Arf locus can be manipulated to inhibit disease
development. We approached this question by analysing the effects of increased Ink4/Arf gene
dosage on the development of atherosclerosis in hypercholesterolaemic apoE-/- mice. For this,
we interbred apoE-/- mice with Super-Ink4/Arf mice that carry one extra transgenic copy of the
entire Ink4/Arf locus [27]. We find a trend towards augmented Ink4/Arf transcript levels in liver
and aorta of apoE-/-Super-Ink4/Arf mice aged 4-8 months compared to age-matched apoE-/controls, but differences only reached statistical significance in hepatic Ink4b expression. Such
modest response in apoE-/-Super-Ink4/Arf mice is in agreement with previous studies
demonstrating that Ink4/Arf expression is only moderately increased in fibroblasts obtained from
Super Ink4/Arf mouse embryos [28] and in tissues from ~1.5-year-old Super-Ink4/Arf mice [27],
consistent with age-dependent increase in Ink4/Arf expression [29]. Importantly, low level of
Ink4/Arf transgene expression confers cancer resistance in Super-Ink4/Arf mice without
affecting normal viability or aging [27], and significantly augments nitric oxide-dependent
apoptosis and caspase 3 activity in cultured Super-Ink4/Arf mouse embryonic fibroblasts [28].
Similarly, transgenic Super-p53 mice carrying an extra allele of the endogenous p53 gene do
not exhibit significantly higher levels of p53 but have increased p53 functionality, as suggested
by augmented apoptotic response to DNA damage [30, 31]. We also find higher UV-induced
apoptosis in apoE-/-Super-Ink4/Arf bone marrow-derived macrophages than in apoE-/- controls,
suggesting that the transgene leads to augmented Ink4/Arf function in spite of its low level of
expression. However, increased Ink4/Arf gene dosage does not attenuate atherosclerosis
development, since atherosclerotic plaques in various vascular regions were of similar size in
apoE-/- and in apoE-/-Super-Ink4-Arf mice, whether animals were fed a high-fat diet or standard
chow. Moreover, macrophage, VSMC and collagen content in the atherosclerotic plaque were
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also generally comparable in both genotypes, irrespective of dietary regimen, with the exception
of a modest increase in VSMC content in the aortic sinus of apoE-/-Super-Ink4/Arf mice fed
standard diet that just reached statistical significance (p= 0.047). Thus, low level of Ink4/Arf
overexpression in transgenic mice carrying one extra transgenic copy of the Ink4/Arf locus can
confer cancer resistance [27] but does not protect against atherosclerosis development.
Our in vitro studies demonstrated augmented UV-induced apoptosis in apoE-/-SuperInk4/Arf bone marrow-derived macrophages compared to apoE-/- controls. However, despite
that 70-80% of apoptotic cells in apoE-/- lesions are macrophages [25], we did not observe
differences in TUNEL staining when comparing plaques of both genotypes. Nonetheless, it
should be noted that the percentage of TUNEL-positive neointimal cells in our in vivo studies
was extremely low (apoE-/-: ~1.2%, apoE-/- Super-Ink4/Arf: ~1.5%), therefore it cannot be ruled
out that differences between genotypes exist at disease stages featuring high level of apoptotic
cell death. The observation that neointimal cell proliferation and apoptosis and atherosclerosis
burden were unaffected in apoE-/-Super-Ink4/Arf mice was somewhat unexpected given that Arf
gene ablation accelerates atherosclerosis development and reduces plaque apoptosis in apoE/- mice [25], and that reduction of p16Ink4a and Arf expression in bone marrow-derived cells
increases atherosclerosis development and monocyte/macrophage proliferation in transplanted
LDLR-deficient mice [26].

It is possible that the moderate increase in Ink4/Arf expression

achieved in apoE-/-Super-Ink4/Arf mice by introducing a single extra allele of the Ink4/Arf locus
under the control of its own promoter is insufficient to enhance potential atheroprotective effects.
Although the effect of higher level of Ink4/Arf expression could be tested, it is noteworthy that
supraphysiological Ink4/Arf activation might provoke major noxious side effects, especially given
that Ink4/Arf proteins appear to inhibit tissue regeneration in several settings [29, 32-34].
Another possibility is that, unlike p16Ink4a and Arf, p15Ink4b expression might promote
atherosclerosis development in spite of its inhibitory effect against in-stent neointimal
hyperplasia [24], so that the net effect of increasing activity of the entire Ink4/Arf locus in apoE-/Super-Ink4/Arf mice is nil. A similar situation might pertain to the closely related CDK inhibitory
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proteins p21Cip1 and p27Kip1, which inhibit neointimal thickening following angioplasty [35-38] but
appear to play opposite roles in atherosclerosis development [39-41]. Moreover, distinct Ink4/Arf
transcripts might exert different functions in the various cell types involved in atherosclerosis.
Thus, before ruling out the utility of targeting the Ink4/Arf locus as a means of preventing or
treating atherosclerotic disease, future studies are warranted to thoroughly analyse the
consequences for atheroma progression of overexpressing each Ink4/Arf–encoded proteins
individually and selectively in the different cell types that are present in atherosclerotic lesions
(e.g., VSMCs, endothelial cells, macrophages, and T-cells).
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FIGURE LEGENDS

Fig 1: Increased Ink4/Arf gene dosage moderately increases p16Ink4a, p15Ink4b and p19Arf
transcript levels and augments UV-induced apoptosis of macrophages. (A) qPCR of liver
and aorta from 4-month-old mice fed high-fat diet and 8-month-old mice fed standard chow,
respectively. Transcript levels in apoE-/-Super-Ink4/Arf mice are shown relative to apoE-/- (=1).
(B) Bone marrow–derived macrophages were untreated or irradiated with UV light (80 J/m2) and
harvested after 24h. Apoptotic macrophages were identified by flow cytometry as the subG0/G1

population

after

propidium

iodide

staining

(n=3

independent

experiments).

Representative plots of UV-treated cells are shown (y-axis: cell counts; x-axis: intensity of
fluorescent signal).

Fig.2. Increased Ink4/Arf gene dosage does not affect diet-induced atherosclerosis in
female apoE-null mice. Female apoE-/- and apoE-/-Super-Ink4/Arf mice were fed a high-fat
diet for 10wk (n=8 each genotype). (A) Plasma lipid levels before and after fat-feeding (prediet and post-diet, respectively). (B) Atherosclerosis burden quantified in Oil Red-O-stained
aortic arch and thoracic aorta. (C) Atherosclerosis burden quantified in hematoxylin/eosinstained cross-sections of aortic sinus and ascending aorta (average of 4 cross-sections
separated by ~6 µm) Atherosclerotic plaques are delineated by discontinuous lines.

Fig. 3. Increased Ink4/Arf gene dosage does not affect atherosclerotic plaque
composition in fat-fed apoE-null mice. Mice were fed a high-fat diet for 10wk, and
neointimal content of macrophages (anti-Mac3 immunostaining), VSMCs (anti-SMα-actin
immunostaining) and collagen (Masson’s trichrome) was quantified in the aortic sinus.
Atherosclerotic plaques are delineated by discontinuous lines. (A) Female mice (n=8 each
genotype). (B) Male mice (n=9 apoE-/-, n=8 apoE-/-Super-Ink4/Arf).
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Fig.4. Increased Ink4/Arf gene dosage does not affect atherosclerosis development in
apoE-null mice fed standard chow. Atherosclerosis was analyzed in 8-month-old apoE-/mice (7 males, 7 females) and apoE-/-Super-Ink4/Arf mice (6 males, 4 females) that were
always fed standard chow after weaning. (A) Plasma lipid levels. (B) Atheroma size in the
aortic arch quantified by en-face Oil Red-O staining. (C) Atheroma size in aortic sinus
quantified in hematoxylin/eosin-stained cross-sections (average of 4 cross-sections separated
by ~6 µm). (D) Neointimal content of macrophages (anti-Mac3 immunostaining), VSMCs (antiSMα-actin imunostaining) and collagen (Masson’s trichrome) in aortic sinus. Atherosclerotic
plaques in cross-sections are delineated by discontinuous lines.

Fig.5 Neointimal cell proliferation and apoptosis in apoE-null mice is not affected by
increased Ink4/Arf gene dosage. Double immunofluorescence analysis of aortic sinus crosssections of 8-month-old mice fed standard chow (n=5 each genotype) to quantify neointimal
cell proliferation (anti-Ki67) and apoptosis (TUNEL) (atheromata delineated by discontinuous
lines). (A) Percentage of proliferating macrophages (Ki67-F4/80 double-positive cells) within
the F4/80-positive population (green: Ki67; red: F4/80; blue: DAPI). (B) Percentage of
proliferating VSMCs (Ki67-SMα-actin double-positive cells) within the SMα-actin-positive
population (green: Ki67; red: SMα-actin; blue: DAPI). (C) Percentage of apoptotic cells (green:
TUNEL; red: DAPI). Arrows point to double-positive cells in A and B and to TUNEL-positive
nuclei in (C).
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