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Abstract

Background and Purpose ——Recent studies have shown that the cellular immune response 

in the development of vascular remodeling modulates the resulting pathological alterations. We 

show that hypoxia-inducible factor 1 (Hif-1) (specifically expressed in T cells) is involved in the 

immune response to vascular remodeling that accompanies arteriosclerosis.

Methods and Results ——To study the role of T cells in the development of vascular 

remodeling, femoral arterial injury induced by an external vascular polyethylene cuff was 

examined in mice lacking Hif-1 (specifically in T cells). We found that cuff placement caused 

prominent neointimal hyperplasia of the femoral artery in Hif-1-(T-cell)-deficient mice compared 

with that in control mice and that infiltration of inflammatory cells at the adventitia was markedly 

increased in the mutant mice. Studies to clarify the mechanism of augmented vascular remodeling 

in the mutant mice showed enhanced production of cytokines by activated T cells and augmented 

antibody production in response to a T-dependent antigen in the mutant mice.
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Conclusions ——The results of this study revealed that Hif-1 α in T cells plays a crucial role in 

vascular inflammation and remodeling in response to cuff injury as a negative regulator of T cell-

mediated immune response. Potential new therapeutic strategies that target Hif-1 α are described.

Keywords

Arteriosclerosis; T cells; Hif-1 α Hypoxia; Vascular remodeling

The vascular response to mechanical arterial injury involved in arteriosclerosis or in-stent 

restenosis leads to neointimal formation and inward remodeling. Recent studies have shown 

that the immune system plays an important role in the development of vascular remodeling 

in response to arterial injury.1 Studies2–4 in mice have shown that arterial injury is associated 

with local accumulation of antibodies, and mice lacking functional T and B cells exhibit 

increased neointima formation, indicating that adaptive immune responses to neoantigens in 

the damaged tissue modulate the vascular remodeling. During the development of vascular 

remodeling, a hypoxic microenvironment accompanying arteriosclerosis or stent-mediated 

overdistention in the injured vascular region is thought to be one of the factors modulating 

proliferation of myofibroblasts and increased matrix synthesis in the adventitial region.5 It 

has also been reported that hypoxia accelerates the progression of atherosclerosis6,7 and 

modulates vascular remodeling after arterial injury.8 Several studies10,11 have shown 

evidence of hypoxia within the arterial wall in atherosclerosis in an animal model9 and in 

human disease. Adaptation to low oxygen tension in local tissues is important for activities 

of immune cells, because immune cells are often exposed to different oxygen tensions that 

markedly affect cellular metabolism as they survey different tissue microenvironments.12 

These findings indicate that adaptation of immune cells to a hypoxic condition in vascular 

remodeling modulates the pathogenesis. However, there are many unanswered questions as 

to how the immune response is regulated in vascular remodeling and how it may be targeted 

for therapeutic intervention.13 Little is known about the functions of T cells under the 

condition of progression of vascular remodeling.

Hypoxia-inducible factor 1 (Hif-1) is a transcription factor that regulates gene expression in 

response to hypoxia; it is composed of heterodimers of an oxygen-sensitive α subunit and a 

constitutively expressed β subunit (also known as arylhydrocarbon receptor nuclear 

translocator). Hif-1α regulates the expressions of genes in response to hypoxia to maintain 

physiological oxygen homeostasis.14 In addition to hypoxic stabilization of Hif-1α, resulting 

in upregulation of Hif-1α functions, several factors relevant to inflammation and oxidative 

stress, including nitric oxide, tumor necrosis factor α,15 angiotensin II,16 interleukin (IL) 1, 

insulin, and insulinlike growth factors,17,18 have been shown to induce nonhypoxic Hif-1α 
stabilization. Recently, it has also been shown that hypoxia alone is not sufficient and that T-

cell receptor (TCR)-mediated signaling is required for the accumulation of Hif-1α in human 

peripheral T cells. TCR engagement does not influence hypoxia-dependent stabilization; 

however, it stimulates synthesis of Hif-1α, probably via the phosphatidylinositol 3-kinase/

mammalian target of the rapamycin pathway.19 Therefore, it is plausible that Hif-1α in T 

cells is involved in T-cell activation for immune responses in vivo.
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In the present study, we showed that cuff placement at the femoral artery caused prominent 

neointimal hyperplasia in Hif-1α-T-cell-deficient mice compared with that in control mice. 

This finding of augmentation of arterial hyperplasia in the mutant mice and the results of 

several experiments on T-cell-mediated immune responses in vivo and in vitro suggested that 

Hif-1α in T cells plays a crucial role in vascular inflammation and remodeling in response to 

cuff injury as a negative regulator of T-cell-mediated immune response. These results are 

consistent with the results of recent studies showing that Hif-1α is a negative regulator of T-

cell response in vitro and in vivo in models of acute inflammation.20

Methods

A detailed description of all methods is available in the supplemental materials (available at: 

http://atvb.aha.journals.org).

Animal Experiments

All experimental procedures conformed to the guidelines for animal experimentation 

administered by the University of Tokushima, Tokushima, Japan. Mice with either a Hif-1a-

disrupted allele (Hif-1aD) or Hif-1a-floxed allele (Hif-1aflox) were generated as described 

previously. The Hif-1a+/D mice were mated with Lck-Cre transgenic mice, and their 

offspring carrying both the lck promoter-driven Cre transgene and the Hif-1a-disruped gene 

(Lck-Cre;Hif-1a+/D) were mated with Hif-1aflox/flox mice to produce Lck-Cre;Hif-1aflox/D 

mice. Femoral cuff placement was performed in male Lck-Cre;Hif-1αflox/Δ or Lck-
Cre;Hif-1αflox/+ mice (aged 8–12 weeks), as previously described.21 Vascular remodeling of 

the mice was characterized six weeks after femoral arterial injury induced by an external 

vascular polyethylene cuff model. Polyethylene tubing (inside diameter, 0.58 mm; Becton 

Dickinson, Franklin Lakes, New Jersey) was used as the cuff. Animals were anesthetized by 

the injection of 2,2,2-tribromoethanol (Sigma-Al-drich Co, St Louis, Mo) into the peritoneal 

cavity.

Detection of Hypoxia With Hypoxyprobe

Hypoxyprobe (Hypoxyprobe Inc, Burlington, Mass) is a pimonidazole that forms covalent 

protein adducts in viable hypoxic cells in a manner that is inversely proportional to oxygen 

concentration in the physiological range.22 Briefly, mice were injected with 60 mg/kg body 

weight of the pimonidazole agent and then euthanized two hours after injection to 

characterize the distribution of pimonidazole-protein adducts via in situ 

immunohistochemical analysis.

Results

Detection of Hypoxia With Pimonidazole Around Vascular Walls in a Cuff-Injured Artery

We examined whether hypoxia is present in or around a cuff-injured femoral artery by 

binding of pimonidazole, a hypoxia detection agent that binds to regions of hypoxia in a 

manner that is inversely proportional to oxygen concentration.22 The cuff-injured artery 

demonstrated binding of this hypoxia-sensitive compound in the region around vascular 

walls from day 1 after cuff placement (Figure 1A). Consistent with the pimonidazole-
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positive regions around cuffed vascular walls, expression levels of Hif-1α around cuffed 

vascular walls were higher (Figure 1A). On day 14 after cuff placement, CD3-positive T 

cells were detected around the cuffed vascular walls, and some parts of these signals (green) 

were merged with Hif-1α-positive signals (red), as well as with those of pimonidazole 

(Figure 1A and Supplementary Figure S1). The formation of neointimal hyperplasia in the 

development of cuff-induced vascular remodeling was detected on day 42 after cuff 

placement, not on day 14, when infiltration of CD3-positive T cells around the cuffed 

vascular walls started (Figure 1B). These results suggest that there are at least two events 

before the progression of cuff-induced neointimal formation: (1) binding of pimonidazole 

and Hif-1α expression around cuffed vascular walls and (2) infiltration of Hif-1α-expressing 

T cells around cuffed vascular walls.

Increase in Number of T Cells in T-Cell-Specific Hif-1 𝛂-Deficient Lymph Nodes

To investigate the biological function of Hif-1α in T cells, the Hif-1α gene was specifically 

inactivated in mouse T cells using the Cre-loxP system. Mice with either an Hif-1α-

disrupted allele (Hif-1αΔ) or an Hif-1α-floxed allele (Hif-1αflox) were generated as 

previously described23 (supplementary text and Supplementary Figure S2). We examined 

whether Hif-1α deficiency in T-lineage cells affects T-cell development and distribution in 

lymphoid organs. The total nucleated lymphoid cell numbers in lymphoid organs from 

Hif-1α-deficient mice were comparable with those of the control mice (Figure 2A and B). In 

addition, the numbers of CD4- and CD8-single positive T cells in lymph nodes from mutant 

mice were significantly increased compared with those in lymph nodes from control mice, 

although the number of B220-positive B cells was not decreased (Figure 2A and B). As 

shown in Figure 2C, the structure of reticular fibroblasts constructed with ER-TR7-positive 

mesenchymal cells and the distribution of CD3-positive T cells and B220-positive B cells 

were normal in the mutant mouse lymph nodes. These results indicated that T-cell-specific 

Hif-1α-deficient T cells were normally generated in the thymus and that their distribution in 

the spleen and lymph nodes was unimpaired.

Enhancement of T-Cell Activation, Proliferation, and Thymus-Dependent Antibody 
Production in T-Cell-Specific Hif-1α-Deficient Mice

To determine how Hif-1α in T cells may participate in the immune response, the TCR 

responsiveness of Hif-1α-deficient T cells in vitro was examined. As shown in Figure 3A, T 

cells from the Lck-Cre;Hif1αflox/Δ mice exhibited normal increases in CD25 (IL-2Rα) and 

CD69 on stimulation with either the combination of anti-CD3 and anti-CD28 antibodies or 

concanavalin A (Con A), indicating that T cells lacking Hif-1α normally transmit TCR 

signals that provoke early cellular responses. Interestingly, IL-2 production on stimulation 

with the combination of anti-CD3 and anti-CD28 antibodies was significantly increased in 

the mutant T cells (Figure 3B). Consistent with this result, augmentation of the proliferation 

of mutant T cells on stimulation with anti-CD3 and anti-CD28 antibodies or Con A was also 

observed (Figure 3C). This enhanced IL-2 production in Hif-1α-deficient T cells may be 

relevant to increased T-cell numbers in peripheral lymphoid organs in the Lck-
Cre;Hif1αflox/Δ mice, as shown in Figure 2B. Furthermore, messenger RNA transcripts 

encoding interferon (IFN) γ were significantly increased in Hif-1α-deficient T cells after 

TCR stimulation (Figure 3D). In addition to enhanced T-cell activation in the Lck-
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Cre;Hif1αflox/Δ mice, lymphocytes from these mice were unimpaired in an allogeneic mixed 

lymphocyte reaction, similar to that for healthy mice (Figure 3E). These results suggest that 

Hif-1α in T cells may modulate T-cell activation via TCR signaling, including changes in 

production levels of inflammatory cytokines.

To further investigate the effect of the mutant T cells on B-cell functions through activation 

and proliferation of T cells, we examined the levels of antigen-specific antibodies elicited by 

T-cell responses in vivo. Mice were immunized with the thymus-dependent antigen 

trinitrophenyl (TNP)-keyhole limpet hemocyanin, given in incomplete Freund adjuvant, and 

the titers of induced antibodies against TNP in the serum were determined. As shown in 

Figure 4A, nonimmunized Lck-Cre;Hif1αflox/Δ mice exhibited higher serum levels of total 

IgM and IgG2b among the isotypes examined than did control Lck-Cre;HIF-1αflox/+ mice. 

This experiment included initial immunization followed by a boost with TNP-keyhole limpet 

hemocyanin in phosphate-buffered saline on day 30. IgM and IgG3 TNP-specific antibody 

responses in the mutant mice were comparable to those in the control mice, whereas IgG1 

and IgG2b anti-TNP antibody responses were significantly augmented (Figure 4B). These 

results suggest that Hif-1α-deficient T cells can support an antigen-specific antibody 

response mediated by B cells in vivo but that Hif-1α in T cells is necessary for regulation of 

antibody response to a thymus-dependent antigen.

Unimpaired Chemotactic Activity of Hif-1 α-Deficient T Cells Toward Stroma Cell-Derived 
Factor 1 in an In Vitro Experiment

Hif-1α has been reported to be involved in neointima formation after vascular injury and to 

mediate the upregu-lation of stroma cell-derived factor 1 (SDF-1).24 To investigate the role 

of Hif-1α in T cells in chemokine-mediated migration of T cells, we next examined the 

chemotactic activity of Hif-1α-deficient T cells to SDF-1, which is expressed in the vascular 

region.24 We did not find distinct responses of the Hif-1α-deficient T cells or control cells 

toward SDF-1 under a hypoxic condition (Figure 5), suggesting that the Hif-1α deficiency in 

T cells does not alter the function of T cells in SDF-1-mediated migration under a hypoxic 

condition.

Enhancement of Intimal Hyperplasia in T-Cell-Specific Hif-1α-Deficient Mice by Arterial 
Cuff Injury

To clarify the function of Hif-1α in T cells in vascular remodeling, we examined 

morphological changes of the injured artery six weeks after polyethylene tube cuff 

placement using T-cell-specific Hif-1α-deficient mice. Morphological changes were 

estimated by changes in thickening of the vascular wall after cuff injury. No morphological 

differences were observed in uninjured femoral arteries between the control and Lck-
Cre;Hif1αflox/Δ mice. Cuff-injured femoral arteries in the mutant mice showed a prominent 

increase in the intimal area (indicated by arrowheads in Figure 6A) but not in the medial 

area compared with those in the control mice (Figure 6A). As shown in Figure 6B, the ratios 

of intima to media and intima to lumen in the mutant mice that had been subjected to cuff 

injury were also significantly increased compared with those in the controls. Furthermore, 

immuno-histological studies showed that the numbers of CD3-positive T cells and CD79a-

positive B cells were increased at the inflamed adventitia in the mutant mice, although 
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increases in these cells were not found at the intima and media (Figure 6C). These results 

indicate that Hif-1α deficiency in T cells augments the intimal hyperplasia developed by 

cuff-injured femoral arteries, accompanying infiltration of inflammatory cells.

Discussion

In this study, we investigated the role of Hif-1α expressed in T cells in vascular remodeling 

by using an arterial cuff injury model, because characteristics of the cellular immune 

response to vascular remodeling by arterial injury accompanied by a hypoxic 

microenvironment during the inflammatory progression are likely to influence the resulting 

pathological alterations.6–11 We first showed that hypoxia was present at the vascular wall 

around the cuff-injured artery and that Hif-1α-expressing T cells infiltrated around the 

hypoxic vascular region. These results suggest that the function of infiltrating T cells around 

cuff-injured vessels in the development of vascular remodeling might be modulated by 

Hif-1α in a hypoxic microenvironment, even though there are many other modulators of 

Hif-1α in addition to hypoxia in the vascular wall, such as inflammation and oxidative stress 

(ie, nitric oxide, tumor necrosis factor α,15 angiotensin II,16 IL-1, insulin, and insulinlike 

growth factors).17,18

The results of our in vitro experiments showed that chemotactic activity of Hif-1α-deficient 

T cells toward SDF-1 was not impaired. These results are consistent with other results of the 

present study showing that migration of even Hif-1α-deficient T cells to areas around cuff-

injured vessels was not impaired in mice. These results suggest that aggravation of vascular 

inflammation and remodeling in response to cuff injury may not result from dysfunction of 

chemotactic activity of T cells in Hif-1α-deficient mice and that another T cell-mediated 

aberrant immunologic response may be involved in its pathogenesis.

The present study also demonstrated that Hif-1α in T cells was a negative regulator of T 

cell-mediated immune response to vascular remodeling, which includes regulation of the 

production of cytokines and specific antibodies. Thus, Hif-1α in T cells is required for 

regulation of the adaptive immune response, including both cellular and humoral immunity. 

These results were relevant to a recent article20 showing that a defect of Hif-1α in T cells 

improved septic pathogenesis via their functional inhibition in a genetic mouse model; 

therefore, Hif-1α is a negative regulator of T-cell response in vivo in models of acute 

inflammation. The present study further demonstrated that the function of Hif-1α in T cells 

extends to the adaptive immune system, including humoral immune responses.

Recent studies2–4 have shown that T and B cells contribute to the modulation of vascular 

remodeling by arterial injury. The results of these studies have suggested that the adaptive 

immune system evoked by arterial tissue injury serves to limit the extent of the subsequent 

vascular repair process and that the mechanisms involved in restriction of the vascular repair 

process might include inhibition of smooth muscle cell growth by T cell-derived IFN-γ and 

antibody-mediated removal of proinflammatory debris. The present study showed that 

aberrant production of IFN-γ and antibodies in mice lacking the Hif-1α gene in T cells 

result in enhancement of arterial injury-mediated vascular remodeling (including neointima 
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formation), indicating that immune response by Hif-1α in T cells is strictly regulated during 

vascular remodeling.

Previous studies showed that T helper type1 (Th1) cytokines, especially IFN-γ, might be 

key factors for inducing vascular intimal hyperplastic lesions as well as more typical 

vascular remodeling.25 This is supported by the results of the present study showing 

enhanced IFN-γ production in activated T cells lacking expression of the Hif-1α gene. On 

the other hand, production of transcripts encoding IL-4 and IL-13, T helper type2 (Th2)-

related cytokines, was also not impaired, suggesting possible roles for Hif-1 as a negative 

regulator in T-cell activation. Furthermore, enhanced IL-2 production in Hif-1α-deficient T 

cells may result in increased T-cell numbers in peripheral lymphoid organs in the mutant 

mice. Taken together, these results suggest that mechanisms involved in excess vascular 

remodeling resulting from Hif-1α deficiency in T cells include aberrant production of 

cytokines in injured arterial tissues.

However, it remains to be elucidated how Hif-1α regulates TCR-mediated T-cell activation 

as a suppressive modulator in Th1 and Th2 cytokine production. The mechanisms involved 

in aberrant cytokine production in Hif-1α- deficient T cells remain to be elucidated; they 

may include additional transactivation of the IL-2 gene by crosstalk between the 

arylhydrocarbon receptor and Hif-1α/β signaling pathways. Indeed, previous studies 

revealed that the IL-2 promoter region contains novel distal regulatory elements for the 

arylhydrocarbon receptor, another competitive heterodimeric partner of Hif-1β, which can 

induce IL-2 and can cooperate in modulation of the proximal promoter.26 This finding 

suggests that the deficiency in Hif-1α allows the arylhydrocarbon receptor to recruit more 

Hif-1β, resulting in activation of arylhydrocarbon receptor/Hif-1β signaling and resultant 

IL-2 production in T cells.

Regarding autoreactive inflammation in the development of vascular remodeling by arterial 

injury, the present study showed an increased production of antibodies against specific 

antigens in Hif-1α-deficient mice, indicating possible roles of Hif-1α in enhancement of 

autoreactivity. Also, autoimmunity and inflammatory tissue damage were found in chimeric 

mice with complete Hif-1 α deletion in T and B cells.27 However, it remains to be elucidated 

how Hif-1α in T cells modulates autoreactivity against injured artery tissue. To examine 

autoimmunity in Hif-1α-deficient T cells in vivo, we characterized morphological 

phenotypes in the kidney and liver and determined the number of regulatory suppressor T 

cells in the thymus. However, no significant difference was found in the morphology of 

these organs, even though the amounts of antibodies in serum were increased, or in the 

number of Foxp3-positive cells, a marker of regulatory suppressor T cells, which are 

localized in thymic medullar regions (data not shown). Thus, the autoreactive phenotype 

observed in the previous study may result from a lack of normal B-cell functions by 

deficiency of Hif-1α in B cells in Lck-Cre;Hif1αflox/Δ mice.

Overall, the modulations of initiation and progression of vascular remodeling in response to 

arterial injury by Hif-1α in T cells may suppress immune responses in hypoxic regions in 

the body and represent a protective mechanism against unnecessary and excess immune 

responses, such as in autoimmune and allergy diseases. This implies that control of the 
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hypoxic microenvironment by modulation of Hif-1α activity in arteriosclerosis or in-stent 

restenosis remains a possible therapeutic target for local intervention.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Development of vascular remodeling of cuff-injured artery in mice. A, Immunofluorescence 

analysis of cuff-injured femoral arteries. Representative cross sections for CD3 (green), 

pimonidazole-protein adducts (red, upper panel), and hypoxiainducible factor (Hif) 1α (red, 

lower panel) at 1 and 14 days after cuff placement. Green signals of intima, media, and other 

muscle tissues around vessels are nonspecific signals, as proved in Supplementary Figure 

S1. The bar indicates 200 μm. B, Representative cross sections with hematoxylin-eosin 
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staining of the cuffed femoral artery at 14 and 42 days after cuff placement. Elastica van 

Gieson staining (EVG) indicates.
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Figure 2. 
Flow-cytometric analysis of lymphoid cells from Lck-Cre;Hif-1aflox/+ (lck-Hifflox/+) and 

Lck-Cre;Hif-1aflox/D (lck-Hifflox/D) mice. A, Lymphoid cells from thymus, lymph node, and 

spleen samples of 5-week-old mice with the indicated genetic characteristics were two-color 

stained with fluorescein iso-thiocyanate-labeled antibody (x-axis) and 

phosphatidylethanolamine-labeled antibody (y-axis) with the indicated specificity. The data 

are representative dot blots. Numbers within each box indicate the frequency of cells within 

the box. B, Data in bar graphs are mean±SE of lymphoid cell numbers in Lck-
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Cre;Hif-1αflox/+ or Lck-Cre;Hif-1αflox/Δ mice. DN indicates; DP, ; and SP, . *P<0.05. C, 

Three-color immunofluorescence analysis of adult lymph node sections for CD3 (green), 

B220 (red), and ER-TR7 (white).
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Figure 3. 
In vitro experiments on activation, proliferation, and function of Hif-1α–deficient T cells. A, 

Initiation of TCR signals provoking early cellular responses. After 16 hours in culture with 

either the combination of anti-CD3 and anti-CD28 antibodies or Con A (2.5μg/mL), 

lymphocytes from mandibular lymph nodes were two-color stained with 

phosphatidylethanolamine-labeled anti-CD4 antibody and fluorescein isothiocyanate–

labeled anti-CD25 or anti-CD69 antibody or normal IgG. The profiles of CD25 and CD69 

expression are shown by electrically gated CD4+ cells, in the presence of stimulants (dark 

gray area) or the absence of stimulants (gray area). Numbers indicate the mean fluorescence 

intensity of CD25 and CD69 within the cells. B, Lymphocytes from lymph nodes after 16 

hours inculture with the combination of anti-CD3 and anti-CD28 antibodies were used for 

measurement of interleukin (IL) 2 transcripts. The culture supernatants were used for 

measurement of IL-2 proteins by enzyme-linked immunosorbent assay. The values are 

shown as absorbance at 450 nm. C, On day 2 of culture, cultured wells were tested for cell 

proliferation by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay. 

The values are shown as absorbance at 450 nm. Values are expressed as mean_SD. 

*P<0.001. D, Lymphocytes from lymph nodes after 12 hours in culture with the combination 

of anti-CD3 and anti-CD28 antibodies were used for measurement of transcripts for 

interferon (IFN) γ, IL-4, IL-13, and IL-17. E, Thymidine-incorporation assay of 

proliferating allogeneic BALB/c lymph node lymphocytes (5.0×105 cells) incubated with an 
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equal amount of lymphocytes derived from Lck-Cre;Hif-1αflox/+ or Lck-Cre;Hif-1αflox/Δ 

mice. *P<0.05.
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Figure 4. 
Thymus-dependent antibody responses in Lck-Cre;Hif-1αflox/+ and Lck-Cre;Hif-1αflox/Δ 

mice. A, Preimmune serum immunoglobulin levels in Lck-Cre;Hif-1αflox/+ (shaded bars) or 

Lck-Cre;Hif-1αflox/Δ (unshaded bars) mice as measured by enzyme-linked immunosorbent 

assay. *P_0.05. B, Antigen-specific immune responses in Lck-Cre;Hif-1αflox/+ (shaded 

circles) or Lck-Cre;Hif-1αflox/Δ (unshaded circles) mice immunized with trinitrophenyl 

(TNP)–keyhole limpet hemocyanin (KLH). Eight-week-old mice were immunized with 

TNP-KLH in incomplete Freund adjuvant on day 0 and boosted with the antigen in 

phosphate-buffered saline on day 30. Values are expressed as meanαSE. Data represent the 

serum antibody titers to TNP for five individual mice. *P¼0.05.
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Figure 5. 
Transwell chemotaxis of Hif-1α-deficient T cells to stroma cell-derived factor (SDF) 1. 

Freshly isolated splenocytes were examined for chemotactic responses to recombinant 

SDF-1 (250 ng/mL) after 2 hours of incubation. The responses are expressed as percentage 

of migrated CD45+CD3+ T cells within input total cells. Migrated cells were stained for 

CD45 and CD3 to identify the subset of T-cell subpopulations in total splenocytes. Values 

are expressed as meanαSE. NS indicates nonsignificant.
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Figure 6. 
Neointimal formation after cuff placement in Lck-Cre;Hif-1αflox/+ and Lck-Cre;Hif-1αflox/Δ 

mice. A, Histologica analyses of uninjured and cuff-injured femoral arteries. Representative 

cross sections with hematoxylin-eosin (HE) and (EVG) staining of the cuffed femoral artery 

at 42 days after cuff placement. Arrowheads indicate neointima formation. B, Quantitative 

analysis of arterial intimal area, ratio of intimal area to medial area, and ratio of intimal area 

to luminal area in uninjured and cuff-injured femoral arteries. Values are expressed as 

meanαSD. *P<0.05. NS indicates nonsignificant. C, Immunohistochemical analyses for 
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αCD3 and αCD79a in uninjured and cuff-injured femoral arteries. Arrowheads indicate 

infiltration of immune cells. The bar indicates 200 μm.
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