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Chapter 6

Abstract

Objective: The immune system plays an important role in vascular remodeling.
Monocytes, CD4+ and CD8+ T cells were already proven to be modulators of
vascular remodeling. NK cells were indicated to contribute to vascular remodeling in
atherosclerotic lesion development and recently in revascularisation. Genetic differences
between C57BL/6 and BALB/c mice, particularly in the Natural Killer gene Complex
(NKC) where linked to differences in revascularization. Here we expand the role of NK
cells, and in particular of the C57BL /6 NKC, in vascular remodeling in general.

Methods and Results: C57BL/6, BALB/c and BALB.B6-CMV1" (CMV1") mice, of which
the latter is congenic for the C57BL /6 NKC, were used in two different models of vascular
remodeling, induction of intimal hyperplasia by femoral artery cuff placement and vein
graft remodeling by placement of a venous interposition in the mouse carotid artery.
NK cell depleted C57BL/6 mice demonstrated significant reduced intimal hyperplasia
after cuff placement compared to controls. Subsequently, cuff placement and vein
grafting in C57BL /6, BALB/c mice and in BALB/ ¢ mice congenic for the C57BL/6 NKC,
BALB.B6-CMV1* (CMVTY), resulted in profound intimal hyperplasia in C57BL/6 mice,
but also in CMV1" mice, whereas this was significantly reduced in BALB/c mice. CD45
staining for leukocytes, showed significant larger leukocyte infiltration in both C57BL /6
and CMV1* vein graft segments, compared to BALB/ ¢ vein graft segments.

Conclusions: These data demonstrate a role for NK cells in vascular remodeling in
general.
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Introduction

Vascular remodeling is a multi factorial process that induces structural alteration of the
vessel wall composition [1] and applies to several vascular diseases, such as atherosclerosis
[2], vein graft disease, and also contributes to outward growth of collateral arteries [3,
4]. The immune system plays an important role in vascular remodeling. Leukocyte
subsets such as monocytes, CD4+ and CD8+ T lymphocytes were already proven to
be modulators of vascular remodeling [2, 5]. Recently, NK cells were demonstrated to
contribute to vascular remodeling processes in atherosclerosis [6] and revascularization
[7]. In another recent study, genetic differences in the Natural Killer gene Complex
(NKC) between C57BL/6 and BALB/c mice were demonstrated to explain differences
in collateral artery growth (Seghers et al, unpublished data; chapter 5 of this thesis). It is
not clear whether these genetic NKC differences could also explain the strain dependent
differences in other vascular remodeling processes [8].

Shear stress alterations or direct injury induces endothelial cell activation, which is
often the initial step in vascular remodeling. As a response vessel wall permeability
increases, and activated endothelial cells secrete chemo attractants such as monocyte
chemo-attractant protein-1 (MCP-1) and express increased levels of cellular adhesion
molecules, such as intercellular adhesion molecule 1 (ICAM-1) and vascular cellular
adhesion molecule 1 (VCAM-1). In this initial phase, MCP-1 attracted monocytes adhere
to and invade in the vessel wall and then contribute to the local inflammatory cascade
by production of pro-inflammatory cytokines and growth factors [2]. MCP-1 is also a
chemo-attractant for NK cells [9] that are found present in early atherosclerotic lesions
and in the vessel wall of remodeling collateral arteries [7]. In a somewhat later phase
Natural Killer T cells and T lymphocytes arrive at the site of remodeling [2].

Vascular remodeling is different between patients, as for example observed in
atherosclerotic plaque composition [10], vein graft thickening and in collateral artery
growth [11]. It is not entirely clear why this variation exists, but is suggested that this is
due to differences in immune response. This is supported by the observation of strain
dependent differences in vascular remodeling between mouse strains. We and others
observed that C57BL/6 mice display better collateral artery growth when compared to
BALB/cmice [7, 12, 13]. This can in part be explained by a different immune bias between
these two strains, existing of a difference in T-helper response [14] and genetic differences
in the Natural Killer gene complex (NKC) [15], a gene locus on chromosome 6 encoding
multiple activating and inhibitory NK cell receptors such as NKG2D, Nkrplc (NK1.1),
CD9%4/NGK2, and the highly polymorphic Ly49 receptor family [16, 17]. Compared to
C57BL/6, BALB/c mice lack a 200kb region containing encoding members of the Ly49
receptor family. As a consequence the BALB/ ¢ strain has only 7 Ly49 genes, whereas the
C57BL /6 NKC possesses 12 Ly49 genes.
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In a recent study of our group, it was shown that the NKC differences in part explain the
strain dependent variation in collateral artery growth between C57BL/6 and BALB/c
(Seghers et al, unpublished data; chapter 5 of this thesis). Remarkably, the presence of
the C57BL /6 NKC in these congenic BALB/c mice, led to a substantial improvement of
their naturally poor collateral artery growth towards the rapid collateral artery growth
of C57BL/6 mice. This was shown in a BALB/c mouse strain, which is congenic for the
entire C57BL/6 NKC.

Originally, this congenic BALB.B6-CMV1" mouse strain, was generated by Scalzo and
colleagues to map genes involved in murine cytomegalovirus (mCMYV) resistance [18].
By the expression of the entire C57BL/6 NK cell receptor repertoire on their NK cells,
these congenic mice, exhibit a level of resistance towards mCMV comparable to that of
C57BL /6 mice [19].

In this study we want to further expand our work on the role of NK cells in processes
of vascular remodeling in a non-atherosclerotic setting. In particular, we want to study
the effect of strain dependent differences in the Natural Killer gene complex on general
vascular remodeling. Therefore, we hypothesize that differences in Natural Killer gene
complex between C57BL/6 and BALB/c mice result in strain dependent differences in
general vascular remodeling. To study this we use the congenic BALB.B6-CMV1" mice
and C57BL/6 and BALB/c mice.

Materials and methods

Mice

Animal experiments were approved by the LUMC-animal welfare committee. For all
experiments male mice were used, aged 12-16 weeks. C57BL/6 mice (Charles River,
L’ Arbresle Cedex, France) and BALB/c mice (Charles River, L’ Arbrescle Cedex, France)
were purchased. Ja281-knockout mice (C57BL/6 background) were kindly provided
by Dr Masaru Taniguchi (Chiba, Japan) [20]. BALBc.B6-CMV1* breeding couples were
kindly provided by Dr. W. M. Yokoyama (St. Louis, USA). All animals were fed regular
chow diet (Sniff Spezialdidten GMBH, Soest, Germany) ad libitum. For surgery, mice
were anesthetized by using Midazolam (5 mg/kg; Roche, Woerden, The Netherlands),
Medetomide (0.5 mg/kg; Orion, Espoo, Finland), and Fentanyl (0.05 mg/kg; Janssen
Pharmaceutics, Beerse, Belgium).

Cuff induced intimal hyperplasia mouse model

Both left and right femoral arteries were dissected from their surroundings. A non-
constrictive polyethylene cuff (Portex, 0.40 mm inner diameter, 0.80 mm outer diameter,
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and 3.0 mm length) was placed loosely around the femoral artery bilaterally and kept
in situ for 21 days. Mice were sacrificed after 21 days and cuff segments were harvested
after perfusion fixation with 4% formaldehyde. Tissue handling and analysis of intimal
hyperplasia was performed as described [21]. Briefly, for quantification of intimal
thickening, elastic laminae were visualized with Weigert’s elastin staining. Six sequential
representative sections per vessel segment were used to quantify the amount of intimal
hyperplasia, using image analysis software (Qwin, Leica, Rijswijk, The Netherlands).

Vein graft mouse model

A venous interposition was placed in the mouse carotid artery as described previously
[22, 23]. Caval veins of donor mice were placed as vein grafts in the left carotid artery
of recipient mice. Mice were sacrificed 28 days after surgery for histological analysis.
Vein graft segments were harvested after perfusion fixation with 4% formaldehyde,
fixated overnight and paraffin-embedded using an automated tissue processor (Leica).
Cross-sections were made throughout the embedded vein grafts. Six representative
sections per vessel segment were stained with Haematoxylin-Phloxine-Saffron (HPS) for
histological and morphometric analysis (Leica). Vein graft thickening was defined as the
area between lumen and adventitia and determined by subtracting the luminal area from
the total vessel wall area.

Immunohistochemistry

Staining for CD45 was performed on 5 ym-thick paraffin-embedded sections of vein
grafts that were were incubated overnight with a primary antibody against CD45 (1:100
rat-anti-mouse, BD Pharmingen, United States of America), as described [7]. Negative
controls without primary antibody were run for each sample.

Quantification of CD45 immunostained sections

Intensity of CD45 stained vein graft segments were performed single blinded, scoring
the intensity in a range from 1 to 3 in 6 consecutive sections per mouse. 1: < 25 CD45
positive cells / section of vessel wall, 2: 25-50 CD45 positive cells / section of vessel wall,
3: >50 CD45 positive cells. Scores from each individual mouse were averaged.

NK cell depletion

For depletion of NK1.1+ cells, CMV1" mice received intraperitoneal injections of 200ug
of anti-NK1.1 antibody (PK136) or of an isotype-matched mouse IgG2a control antibody
5 days, 3 days and 1 day before surgery, and twice a week after surgery. Depletion was
confirmed in peripheral blood by fluorescence-activated cell sorting (FACS) -analysis
using antibodies against NK1.1 and CD3 (BD Biosciences, San Jose, USA) just before
surgery and 14 days after surgery.
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NK cell activation assay

1 x 107 splenocytes were cultured in 24-wells plates coated with either anti-NKp46
antibody (R&D Systems Europe, Oxon, United Kingdom), isotype-matched control (goat
IgG, R&D Systems Europe, Oxon, United Kingdom) antibody (both at 5ug / well), or in
medium containing 0.1 ug/ ml Phorbol 12-Myristate 13-Acetate (PMA) and 0.5 yg/ ml
ionomycin (Sigma-Aldrich, St. Louis, United States of America). Intracellular staining
for interferon-gamma (IFN-y, BD Biosciences, San Jose, USA) was performed after a
4-h incubation at 37°C in the presence of Brefeldin A. Percentages of IFN-y producing
NK cells were obtained by gating on CD3e-, NK1.1+ or CD3g-, DX5+ cells during FACS
analysis on BD FACS LSR II using BD FACS Diva software v6.0 (BD Biosciences, San Jose,
USA). For each mouse, the percentage of NK cells producing IFN-y in response to NKp46
incubation was normalized for the response to PMA /ionomycin as follows: (NKp46 —
control antibody)/(PMA /iono — control antibody) x 100%.

Statistical analysis

Results are expressed as meantSEM. Comparisons between medians were performed
using the Mann Whitney test as appropriate. A p-value <0.05 was considered statistically
significant.

Results

NK cells, but not NK-T cells, contribute to intimal hyperplasia

Several leukocyte subsets such as monocytes, T lymphocytes, NK-T cells, and NK cells
were demonstrated to play a role in atherosclerotic lesion formation. In this study, we
wanted to expand the role of NK cells in vascular remodeling, by demonstrating a role
for NK cells in the induction of intimal hyperplasia in a non-atherosclerotic setting.
Therefore, NK cells were depleted in C57BL/6 mice that subsequently received a non-
constrictive cuff around the femoral artery.

Flowcytometric (FACS) analysis of peripheral blood samples on the day of surgery
confirmed that NK-cell depletion had been successful (Figure 1A), and the depletion was
sustained as revealed by FACS analysis 14 days after surgery (data not shown).

21 days after cuff placement NK1.1 depleted C57BL /6 mice displayed significant reduced
intimal hyperplasia compared to controls (2265+324 ym? vs. 525141627 ym? Figure 1B-D).
As a consequence lumen stenosis was significantly reduced by approximately 50% in
NK1.1 depleted mice when compared to controls. The intima/media (I/M) ratio was
also significantly reduced in NK1.1 depleted C57BL/6 mice as compared to controls.

108



C57BL/6 NKC involved in vascular remodeling in general

D HPS

elastin

6 * 35
s 30 *
=4 2
Q
k] % 20
23 g
2 £ 15
82 _i 10
> xR
e
®1
£
£0 0
Control NK1.1 Control NK1.1

Figure 1. A. Representative of flow cytometric analysis for NK cells in peripheral blood from NK1.1
depleted C57BL/6 mice and IgG treated controls at the moment of cuff placement; average NK cell
percentages of lymphocyte population: NK1.1 0.16+0.02% and IgG control 2.90+0.18%. Gated for
CD3e- NK1.1+ cells. B. Intimal hyperplasia in cuffed femoral artery segments of NK1.1 depleted
C57BL/6 mice (n=10) and controls (n=10) after 21 days. NK1.1 depleted C57BL/6 mice show a
significant reduction of intimal hyperplasia. C. Percentage of lumen stenosis by intimal hyperplasia
in NK1.1 depleted C57BL/6 mice and controls after 21 days. D. Representative microscopic
photographs (magnification 40x) of HPS and elastin stained cuffed femoral artery segments from
NK1.1 depleted C57BL /6 mice and controls 21 days after cuff placement; arrows indicate intimal
hyperplasia (IH) or internal elastic lamina (IEL). * p-value <0.01. See color figure on page 226.

Since NK1.1 mediated depletion also depletes NK-T cells, and NK-T cells were previously
indicated to play a role in atherosclerotic lesion formation, we studied cuff induced
formation of intimal hyperplasia in NK-T deficient Jo281-knockout mice (Jo2817-) on a
C57BL/ 6 background and littermate controls. As depicted in figures 2A-C, no differences
in cuff induced intimal hyperplasia were observed in Jo281"- mice when compared to
controls.

The significant reduction in intimal hyperplasia and subsequent reduced lumen stenosis
in NK cell depleted mice, but not in NK-T cell deficient mice, indicates a role for NK
cells, but not NK-T cells, in the formation of intimal hyperplasia in a non-atherosclerotic
setting. With this indication we can relevantly study the impact of the strain dependent
NKC differences in this process of vascular remodeling.
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Figure 2. A. Average intimal hyperplasia in cuffed femoral artery segments of NK-T deficient
(Jo281/") mice (n=8) and controls (n=8), showing no significant differences between the two groups
after 21 days. B. Percentage of lumen stenosis by intimal hyperplasia in Ja281-/- mice and controls.
C. Representative microscopic photographs (magnification 40x) of HPS and elastin stained cuffed
femoral artery segments from Jo281 mice and controls 21 days after cuff placement; arrows
indicate intimal hyperplasia (IH) or internal elastic lamina (IEL). See color figure on page 227.

The C57BL/6 NK gene complex increases intimal hyperplasia in BALB/c mice

Our group previously demonstrated that genetic differences in NK cell gene complex
(NKC) between C57BL/6 and BALB/c mice results in different arteriogenesis, another
concept of vascular remodeling. By presence of the C57BL /6 NKC in congenic BALB/c,
their naturally poor arteriogenic response was recovered towards the rapid arteriogenic
response of C57BL/6. Since it is demonstrated that NK cells contribute to the formation
of intimal hyperplasia, we subsequently wanted to study the effect of these strain
dependent NKC differences in different processes of vascular remodeling, such as cuff
induced intimal hyperplasia and vein grafting.

To study the role of the differences in NKC between C57BL/6 and BALB/c in vascular
remodeling, non-constrictive cuffs were placed around the femoral arteries of C57BL /6,
BALB/ cand of the congenic BALB/ ¢ mouse strain congenic for the C57BL /6 NKC, BALB.
B6-CMV1" (CMV1), and we compared formation of cuff induced intimal hyperplasia
between these mouse strains in the cuffed femoral artery segments that were harvested
after 21 days.

Our analysis of the vessel wall revealed that CMV1" mice displayed an approximate 3
fold significant increase in intimal hyperplasia, as compared to BALB/c (Figure 3A).
The extent of intimal hyperplasia in CMV1* mice was equal to that of C57BL/6 mice.
Measurement of the media, demonstrated that this was significantly thicker in CMV1*
mice as compared to their background BALB/c strain, which suggests more smooth
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muscle cell proliferation in the congenic strain. Lumen stenosis in CMV1" mice was also
significantly increased by approximately 2.5 fold (Figures 3B-E).

Together, these data indicate that a factor within the C57BL/6 NK gene complex induces
significant formation of intimal hyperplasia. Furthermore, the increase of medial
thickness in CMV1" mice, suggests that more smooth muscle cell proliferation has
occurred than in BALB/c mice.
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Figure 3. Morphometric quantification of cuffed femoral artery segments from C57BL/6 (n=9),
BALB/c (n=5) and CMV1* mice (n=9) 21 days after cuff placement.

A. Average area of intimal hyperplasia (um?). B. Average medial area (um?). C. Average intima /
media ratio. D. Percentage of lumenstenosis. E. Representative microscopic photographs
(magnification 40x) of HPS and elastin stained cuffed femoral artery segments 21 days after cuff

placement; arrows indicate intimal hyperplasia (IH) or internal elastic lamina (IEL). * p-value <0.01.
See color figure on page 227.

The C57BL/6 NK gene complex contributes to profound vein graft remodeling

To further establish a role for the C57BL/6 NKC in general vascular remodeling, we
assessed the role of the NKC in our second model for vascular remodeling; the mouse
model for vein graft disease. In C57BL /6, BALB/c and CMV1* mice a venous (caval vein)
interposition was placed in their left carotid artery which was left in situ for 28 days.
After 28 days the vein graft segments were analyzed, and it was revealed that CMV1*
mice displayed a strong increase in vein graft thickening by 104% when compared to
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BALB/c mice (Figure 4A and D). Vein graft thickening in CMV1" mice was slightly, but
not significant, bigger than in C57BL/6. The total vessel area in CMV1* mice was also
significantly larger than that of BALB/c mice, and equaled that of C57BL/6 (Figure 4B).
From these data, compared to standard caval vein diameters of all tested strains, it can
be concluded that both CMV1* and C57BL/6 mice demonstrated outward remodeling of
the vein graft, whereas BALB/c mice showed reduced outward remodeling (Figure 4C).
Presence of the C57BL /6 NKC in the congenic CMV1" mice here contributed to increased
vein graft remodeling and converted the reduced BALB/c response towards that of
C57BL/6.
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Figure 4. Morphometric quantification of vein graft segments from C57BL /6 (n=10), BALB/c (n=9),
and CMV1" mice (n=9) 21 days after engraftment.
A. Average area of intimal hyperplasia (um?). B. Average total vessel area (um?). C. Average total
lumen area (um?). D. Representative microscopic photographs (magnification 20x) of HPS stained
vein graft segments 21 days after engraftment from C57BL/6, BALB/c and CMV1* mice. * p-value
<0.05; ** p-value <0.01 See color figure on page 228.

Increased inflammatory cell influx in CMV1* vein grafts

In order to study potential differences in the inflammatory response induced by
NK activation, we analyzed the presence of leukocytes in vein graft segments by an
immunohistochemical staining for CD45, a pan-leukocyte marker. As depicted in figure
5A, a profoundly stronger inflammatory reaction in C57BL/6 and CMV1" mice was
observed, which was reflected by larger inflammatory cell infiltrates when compared
to BALB/c mice. Comparison of the CD45 staining between the three mouse strains,
performed single blinded, revealed that the infiltrate of CD45 positive cells was
significantly larger in both C57BL/6 and CMV1* when compared to BALB/c mice
(Figure 5B).
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Figure 5. A. Representative microscopic photographs of CD45 stained vein graft segments,
demonstrating differential influx of CD45 positive cells in to the vessel wall of C57BL/6, BALB/c,
and CMV1" mice. B. Quantification of CD45 positive cells that are present in the vessel wall
expressed as average leukocyte score. * p-value <0.01. See color figure on page 228.

NK cell responsiveness is improved in BALB.B6-CMV1r compared to BALB/c

The presence of the C57BL/6 NKC in CMV1" mice results in the development of NK
cells expressing a different receptor repertoire compared to BALB/c. In recent years, it
has become clear that the number and strength of inhibitory interactions between Ly49
receptors and MHC class I determine NK cell responsiveness [24, 25].

Based on the strain-dependent NKC differences, we hypothesized that the differences in
responsiveness between CMV1*and BALB/cNK cells might correlate with the differences
in leukocyte accumulation in vein grafts, and the subsequent different phenotypes of
vascular remodeling in these mice.

To investigate this, we employed a commonly used assay to measure NK cell
responsiveness, measuring intracellular IFN-y in NK cells upon crosslinking of activating
receptors [24, 25]. To this end, splenocytes of C57BL/6 (n=6), BALB/c (n=6) and CMV1*
mice (n=6) were stimulated in vitro with plate-bound antibodies to NKp46, an activating
NK receptor present in equal densities on all splenic NK cells in the three mouse strains.
An isotype-matched control antibody and Phorbol-12-Myristate-13-Acetate (PMA)
and ionomycin served as negative and positive control stimuli, respectively. NK cell
responses to the different stimuli were analyzed by FACS, measuring the frequencies of
IFN-y positive cells within the NK cell population after 5 hours of stimulation.

The response of CMV1" NK cells to NKp46 stimulation was quite similar to C57BL/6
NK cells, reaching an average 24.2+3.1% and 31.1£10.7% of the maximum response
respectively (Figure 6). This IFN-y response was significantly different from BALB/c
NK cells (p<0.01) that responded poorly reaching only 2.7+0.9% of the maximum
IFN-y response after NKp46 stimulation. NK cell IFN-y response to PMA / ionomycin
stimulation was not different between strains.
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These data demonstrate that CMV1'NK cells have a significantly improved responsiveness
when compared to BALB/c NK cells in reaction to a NK receptor specific activating
stimulus, and that this difference is likely explained by NK cell receptors encoded by the
C57BL/6 NKC.
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Figure 6. A. NK cells expressing DX5 (CD49b) and intracellular IFN-y (previously gated on CD3¢-).
Flow cytometry of IFN-y expression in NK cells from C57BL/6, BALB/c and CMV1* mice after
stimulation with plate bound NKp46, goat IgG isotype control or with PMA / ionomycin.
Representative of two independent experiments (n=3 mice per strain per experiment). B. NK cell
responsiveness to specific NK receptor mediated activation by NKp46 in C57BL/6, BALB/c and
CMV1rNK cells expressed as average percentage of the maximum IFN-y response that was achieved
by non-specific PMA /ionomycin stimulation (data pooled from two independent experiments n=3
mice per strain per experiment).

Responsiveness to PMA /ionomycin non-specific stimulation was not different between the tested
strains. Induction of NK cell IFN-y production by NKp46 was significant when compared to
‘background” IFN-y production of NK cells incubated with isotype matched control (goat IgG) in
all tested mousestrains (data not shown).

* p-value <0.01.

Discussion

In the present study we further expand the role of NK cells in different processes of vascular
remodeling in a non-hypercholesterolemic setting. Furthermore, we demonstrated
a contributory role for the C57BL/6 Natural Killer gene Complex in general vascular
remodeling, since the presence of the C57BL/6 NKC in a congenic BALB/c mouse strain
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induced profound vascular remodeling in two mouse models for vascular remodeling.
In the past two decades studies have focused on the role of different inflammatory cell
subsets on vascular remodeling in an atherosclerotic setting [2, 5]. Here, we for the first
time demonstrate a role for NK cells in vascular remodeling in a non-atherosclerotic
setting. NK cell depletion resulted in significant reduction of intimal hyperplasia in our
C57BL /6 mice. This is paralleled by previous studies that described significant reduction
of atherosclerotic lesion development in LDL-R/- mice without functional NK cells [6].
A role for NK-T cells was previously indicated in the induction of atherosclerotic lesion
formation [26]. However, in our model the formation of intimal hyperplasia was not
affected in NK-T cell deficient Jo2817/- when compared to controls. This indicates that
type I NK-T cells are not implicated in the formation of intimal hyperplasia in a non-
atherosclerotic setting. It should be taken into account that our data cannot exclude a
role for type II NK-T cells, which are CD1d restricted but Ja281-negative and thus still
present in Ja2817/- mice.

Vascular remodeling is an inflammatory process, which is initiated after endothelial cell
damage and activation. Increased endothelial production of chemo-attractants, such as
Monocyte Chemo-attractant Protein-1 (MCP-1) [9], and increased presentation of cellular
adhesion molecules, such as Vascular Cellular Adhesion Molecule-1 (VCAM-1), facilitates
recruitment, adhesion, and finally peri-vascular invasion of a number of inflammatory
cell subsets, such as monocyte derived macrophages, but also, as it appears now, NK
cells for which MCP-1 is also a chemo-attractant [27].

The second important finding in this study is that strain dependent differences in vascular
remodeling in both cuff induced intimal hyperplasia and vein graft remodeling between
C57BL/6 and BALB/c are explained by differences in the Natural Killer gene complex.
Introduction of the C57BL/6 NKC in BALB/ ¢ congenic mice, BALB.B6-CMV1" (CMVT),
resulted in complete abolishment of the vascular remodeling phenotype of BALB/c
towards the profound phenotype of C57BL/6 mice in two different mouse models for
vascular remodeling. In both these mouse models BALB/c mice showed significant
reduced vascular remodeling, whereas C57BL/6 mice and the congenic CMV1" mice
showed abundant remodeling.

These data are completely in line with our previous observation in arteriogenesis,
another concept of vascular remodeling, where congenic CMV1" mice demonstrated a
substantial improvement of their naturally poor arteriogenic response towards the rapid
arteriogenic response of C57BL/6.

Since CMV1* mice express the C57BL/6 NKC, our data suggest that vascular remodeling
is modulated by a factor that is present within the C57BL/6 NKC, but absent from
the BALB/c NKC. Compared to the C57BL/6 NKC, the BALB/c NKC contains fewer
functional genes encoding activating and inhibitory NK cell receptors [28].
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These differences were shown to have consequences for NK cell responsiveness, since
BALB/c NK cells exhibited significant hypo-responsiveness towards activating stimuli
in vitro, and this was completely abolished in NK cells from the congenic BALB/c mouse
strain (CMV1") towards the normal and adequate responsiveness of C57BL/6 derived
NK cells.

We speculate that the presence of the additional NK cell receptors explain the greater
NK cell responsiveness in CMV1" mice, and it could well be that these differences in
NK cell responsiveness between C57BL/6 and BALB/ ¢ contribute to the induction of a
different inflammatory response. This might have resulted in the differences in leukocyte
infiltration as observed in the vein graft segments of the three mouse strains used in our
study. The inflammatory cell influx in vein graft segments was markedly increased in
both C57BL/6 and CMV1’, but not in BALB/c. This suggests that CMV1* mice have a
similar inflammatory response as C57BL /6 mice.

BALB/c mice have a T helper-2 (Th-2) response, associated with reduced vascular
remodeling. C57BL/6 mice generally have a Th-1 response, that is associated with
profound vascular remodeling [14]. This is also confirmed by the observed differences
in vascular remodeling between C57BL /6 and BALB/ ¢ in our experiments. Both CMV1*
and C57BL/6 mice demonstrated more intimal hyperplasia and inward remodeling,
which is seen often in Th-1 mediated responses [29]. In BALB/c mice remodeling is
less pronounced. The increased inflammatory cell influx in vein graft segments in
C57BL/6 and CMV1, but not in BALB/c mice, suggests that the hypo-responsive NK
cell phenotype might indirectly contribute to the induction of a different inflammatory
response and thereby reduced vascular remodeling.

In conclusion, the current study expands the role of NK cells in general vascular
remodeling. Furthermore, we demonstrate that the genetic differences in the Natural
Killer gene complex explain strain dependent differences in vascular remodeling.
Presence of the C57BL/6 NKC results in a different phenotype of vascular remodeling,
which might contribute to a different inflammatory cascade. These data suggest that
a factor for profound vascular remodeling resides within the C57BL/6 NK cell gene

complex.
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