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Interleukin-18 and Macrophage Migration Inhibitory Factor
Are Associated With Increased Carotid

Intima–Media Thickening
Vyacheslav A. Korshunov, Tatiana A. Nikonenko, Vsevolod A. Tkachuk,

Andrew Brooks, Bradford C. Berk

Objective—Carotid intima–media thickening (IMT) is a form of vascular remodeling that has a strong genetic component.
Recently, we discovered that in response to decreased carotid blood flow SJL mice developed the largest intima among
5 inbred strains. Because the SJL strain is prone to autoimmune diseases, we hypothesized that inflammation contributed
to IMT in SJL mice.

Methods and Results—We compared vascular remodeling (induced by 2 weeks of low flow) in 2 strains with small IMT
(C3H/HeJ and C3HeB/FeJ) versus 2 strains with large IMT (FVB/NJ and SJL/J). Quantitative immunohistochemistry
showed a dramatic increase in inflammatory cells per intima area in SJL compared with other strains. Microarray
profiling of inflammatory gene mRNAs from carotids showed significant increases in interleukin (IL)-18 and Mif gene
expression in SJL compared with C3HeB/FeJ mice. Increased expression of these genes was confirmed by quantitative
reverse-transcription polymerase chain reaction and immunohistochemistry. Furthermore, greater cell proliferation in
the intima of SJL accounted for increased intima–media thickening, whereas a higher level of apoptosis and a lower
level of proliferation were observed in C3HeB/FeJ mice.

Conclusion—The present study indicates that increased expression of Mif and IL-18 cytokines is associated with
intima–media thickening in SJL mice, likely by stimulating inflammation and proliferation. (Arterioscler Thromb Vasc
Biol. 2006;26:295-300.)

Key Words: carotid artery � cytokine � flow � IL-18 � inflammation � intima–media thickening
� microarray � Mif � mouse

Carotid intima–media thickening (IMT) is a significant pre-
dictive factor for future cardiovascular events.1 Although

the mechanism for IMT progression is unclear, vascular inflam-
mation is an important mediator of all stages of atherosclerosis.2

Whereas monocytes are important in fatty streak formation, the
roles of leukocyte and monocytes in IMT are unknown. An
important role for inflammatory cytokines is supported by
several transgenic mouse experiments.3–7 In particular, interleu-
kins are considered key agonists for the chronic vascular
inflammatory response present in atherosclerosis.

We recently developed a mouse model of IMT induced by
low flow8 and found dramatic strain-dependent differences in
vascular remodeling among 5 inbred strains of mice.9 Among
these strains the SJL strain exhibited the greatest intima forma-
tion with reduction of the remodeling index.9 Histology showed
large numbers of proliferating cells with basophilic nuclei
suggesting inflammation. Immune defects in both C3H/HeJ and
SJL mice are well known.10 In SJL mice, natural killer T cells

exhibited a different profile of secreted cytokines in response to
�-galactosylceramide compared with C3H/HeJ mice.11 How-
ever, C3H/HeJ mice are known for their defective response to
lipopolysaccharide (LPS) caused by a mutation in the toll-like
receptor 4 (TLR4), whereas the other C3H sub-strains are
TLR4-sufficient.12 TLR4 is important for neointima formation13

and outward remodeling.14 Recent data suggest an important
interplay between innate immunity and inflammation in athero-
sclerosis as shown by a cross of TLR4 and MyD88 knockout
mice onto an atherosclerotic background.7

In this study we investigated the genetic mechanisms respon-
sible for IMT in response to blood flow reduction. We compared
2 inbred mouse strains—C3HeB/FeJ and SJL/J—to evaluate the
mechanisms and mediators of inflammation in IMT progression.

Methods
Animals
Male and female C3H/HeJ (C3H/H), C3HeB/FeJ (C3H/F), FVB/NJ
(FVB), and SJL/J (SJL) mice (8 weeks old; Jackson Laboratories,
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Bar Harbor, Me) were used in accordance with the guidelines of the
National Institutes of Health and American Heart Association for the
Care and Use of Laboratory Animals. All procedures were approved
by the University of Rochester Animal Care Committee.

Surgery and Immunohistochemistry
Mice were anesthetized with a cocktail of ketamine and xylazine and
maintained at 37°C as described.8 Blood flow in the left common
carotid artery was reduced by partial ligation of the left external and
internal carotid arterial branches. The branches of the left carotid
artery were exposed, but not ligated (sham operation). In the first
experiment, 2 groups of ligated or sham-operated animals of each
strain were processed for morphological and immunohistochemical
studies at 14 days after the surgery. Animals were perfusion-fixed,
carotids were harvested and embedded in paraffin, and cross-sections
(4 �m) were made as described,8 stained with hematoxylin and
eosin, and analyzed using MCID image software (Imaging Research
Inc, St. Catharines, Canada). Vessel compartment volumes were
calculated as previously described.9 Selected samples (600 to
1000 �m from carotid bifurcation) from inbred strains (2 to 3 shams,
3 to 5 ligated) were evaluated using Ki-67 (1:500; DAKO), �1-actin
(1:1000; DAKO), CD45 (1:100; Pharmingen), caspase-3 (1:4000;
Serotec), IL-18 (1:3000; Torrey Pines Biolabs), and Mif antibody
(1:500; Santa Cruz) as reported.8

Microarray and Quantitative Reverse-
Transcription Polymerase Chain Reaction
In the second experiment, 2 groups of ligated or sham-operated
animals (C3H/F and SJL mice) were processed for microarray and
quantitative reverse-transcription polymerase chain reaction (qRT-
PCR) studies at 14 days after the surgery. Mouse carotids were
harvested and frozen in liquid nitrogen (LN2) for total RNA isolation
using Qiagen RNAeasy Micro kit. RNA integrity was examined by
Agilent 2100 Bioanalyser using RNA6000 NanoAssay (Agilent
Technol). Ambion MessageAmp aRNA kit was used for RNA
amplification and biotinylation with biotin 11-CTP and biotin
16-UTP mixture (Perkin Elmer) for microarray analysis. After
amplification, 5 �g of aRNA of each sample was used for Oligo
GEArray Mouse Common Cytokines Microarray (OMM-21; Super-
Array) hybridization, followed by fluorescent detection using
Chemiluminescent Detection Kit (SuperArray) and Cy5-Streptavidin
(Amersham Pharmacia Biotech). The arrays were scanned using a
Scan Array Lite Microarray Scanner (Perkin Elmer). The online
GEArray software was used for image processing and intensity data
extraction. Quantitative RT-PCR analyses were performed using
ABI Prism 7900HT sequence detection system (Applied Biosys-
tems). Double-stranded cDNA template preparation and purification
were performed with Ambion MessageAmp aRNA kit. The qPCR
primers and Master Mix from RT2 Real-Time Gene Expression
Assay kits (SuperArray) were obtained for 3 mouse genes: GADPH
(QPM02946A), IL-18 (QPM03112A), and Mif (QPM02985A). Each
reaction contained 2 �L of SYBR Green PCR Master Mix (Applied
Biosystems) and 2 �L diluted cDNA (1:100). The PCR consisted of
an initial enzyme activation step at 95°C for 15 minutes, followed by
40 cycles of 95°C for 30 sec, 55°C for 30 sec, and 72°C for 30 sec.

Statistics
All results are reported as mean�SEM. Statistical tests were per-
formed with STATVIEW for MacIntosh, version 5.0.1. Comparisons
were made by t test or ANOVA for repeated measures, as appropri-
ate. The level of P�0.05 was regarded as significant.

Results
Morphometry of the Left Carotids
We recently reported significant strain-dependent differences
in vascular remodeling among 5 inbred strains of mice.9

Figure 1 provides morphometric analysis of left carotids from
SJL, FVB, and 2 C3H inbred substrains (C3H/H and C3H/F).

Changes in physiological parameters were similar between
C3H/F and C3H/H substrains of mice (data not shown). A
similar response to ligation in C3H/F compared with C3H/H
was observed (Figure 1A versus 1B; Figures I and II,
available online at http://atvb.ahajournals.org). As previously
reported, intima formation was greatest in FVB and SJL
(Figure 1C and 1D). Morphometric analysis of left carotid
compartments after ligation is shown in Figure 1E to 1H.
Lumen diameter significantly decreased after ligation in both
C3H/F and C3H/H to a similar extent. There was also a small
decrease in lumen in SJL mice. In contrast, FVB exhibited an
increase in lumen (Figure 1E). The biggest media response
occurred in FVB (�3-fold increase), with increases of 2-fold
in SJL, whereas no changes were found in both C3H
substrains compared with shams (Figure 1F). No intima
formation was detected in the sham carotids after surgery
(Figure 1G). Similar to the media, the greatest intima formed
in SJL and FVB, whereas very little intima was seen in C3H
strains (Figure 1G). The adventitia also increased in FVB and
SJL compared with shams, but was unchanged in both C3H

Figure 1. Morphometric analysis of left carotid arteries among
inbred strains of mice. Representative photomicrographs of
carotid cross-sections from: (A) C3H/F, (B) C3H/H, (C) SJL, and
(D) FVB. Gray brackets show area between internal and external
elastic lamina. Open bar shows intima. Gray box shows adventi-
tia. Magnification is 10x. Bar is 100 �m. Vessel compartment
volumes: lumen (E), media (F), intima (G), and adventitia (H).
Open bars are shams, black bars are ligated mice. Data on
C3H/H, SJL and FVB adapted from Korshunov VA, Berk BC.
Strain-dependent vascular remodeling: the “Glagov phenome-
non” is genetically determined. Circulation. 2004;110:220–226.
Values are mean�SEM. *P�0.05 compared with sham;
†P�0.05 compared with FVB; #P�0.05 compared with SJL;
‡P�0.05 compared with C3H (ANOVA).
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strains (Figure 1H). In summary, there were no statistically
significant differences between C3H/H and C3H/F mice in
the remodeling response, whereas both SJL and FVB exhib-
ited significant increases in intima and media in response to
low flow.

Quantitative Immunohistochemistry
To gain insight into mechanisms for these morphological
differences between inbred strains of mice, we evaluated cell
composition in the remodeled carotids (Figure 2). We per-
formed immunohistochemistry without counterstaining, fol-
lowed by quantitative analysis using MCID image software,
similar to that reported by Phillips et al.15 Representative
photomicrographs of CD45� and smooth muscle �1-actin–
positive staining are shown in Figure 2A and 2B. Insets show
the strains with the least immunoreactivity as a guide to
background staining (for CD45, C3H/F; and for �1-actin, SJL
[open arrows]; Figure 2A to 2B). Quantitative analysis was
performed for immunoreactive cells normalized to the spec-
ified vessel compartment area. In sham-operated animals,
quantitative evaluation of CD45 showed no staining within
the media area and very little staining in the adventitia
(Figure 2C and 2E). The biggest difference in CD45� cells
among the inbred strains was the dramatic increase in the
intima–media of SJL mice after ligation (Figure 2C). SJL
mice also exhibited a significant decrease in smooth muscle
�1-actin expression, compared with the other strains (Figure
2D). CD45� cells also increased in the adventitia of SJL, but
significantly decreased in FVB, and did not change in C3H
mice (Figure 2E). FVB mice showed significantly increased
�1-actin expression in adventitia compared with shams or
other mice strains (Figure 2F). In summary, SJL mice showed
dramatically increased expression of inflammatory cells (in
intima, media, and adventitia) coupled with decreased vascu-
lar smooth muscle cell (VSMC), whereas FVB showed
increased VSMC. There were minimal alterations in C3H
mice as expected because they had no intima.

Microarray Profiling
We chose C3H/F and SJL strains for subsequent analyses
because they showed the greatest difference in intima forma-
tion (Figure 1G) and CD45� cells (Figure 2C). To identify
specific pathways responsible for increased inflammation in
SJL, we compared cytokine mRNA expression in C3H/F and
SJL 2 weeks after ligation using a commercially available
microarray. Among 121 well-known cytokines (Table I,
available online at http://atvb.ahajournals.org), Mif mRNA
was the only mRNA more highly expressed in the left carotid
artery (LCA) from sham SJL compared with sham C3H/F
(Table). The only cytokine that exhibited increased expres-
sion in SJL ligated LCA compared with sham LCA was
IL-18, whereas no differences were observed in C3H/F
ligated LCA compared with sham (Table). Of greatest inter-
est, comparison of microarrays from ligated carotids of
C3H/F and SJL mice showed that Mif and IL-18 expression
were significantly increased in SJL compared with C3H/F
(Table). However, expression of GAPDH was similar on all
membranes (Table). Thus, based on our cytokine gene anal-
yses we found that Mif differed between SJL and C3H/F

initially, and increased expression of IL-18 and Mif was
associated with increased carotid intima–media thickening in
SJL.

Confirmation of Microarray Data
In a separate experiment we validated our microarray data
using the same samples of aRNA from the carotid arteries.
We confirmed cytokine expression differences between ex-
perimental groups for Mif and IL-18 by qRT-PCR (Table). In
addition, we evaluated carotids for Mif and IL-18 expression
by immunohistochemistry (Figure 3). In sham carotids, Mif
expression was similar in the media of both strains, although
there was more Mif staining in endothelium and adventitia of
SJL (compare Figure 3A and 3B). Ligated LCA from SJL
exhibited significantly more Mif than C3H/F, especially in
the intima, consistent with the microarray results (Figure 3C
versus 3D). There were no differences in IL-18 expression
in the LCA from sham operated animals of both inbred
strains (insets, Figure 3E and 3F). However, SJL expres-
sion of IL-18 was significantly greater than C3H/F mice,
especially in the intima, consistent with microarray results
(Figure 3E versus 3F).

Cell Turnover Within Remodeled Carotids
To define further mechanisms by which inflammatory cyto-
kines regulate intima–media thickening in C3H/F and SJL
inbred mouse strains, we evaluated cell proliferation and
apoptosis in ligated LCAs (Figure III, available online at
http://atvb.ahajournals.org; Figure 4). There was no cell
proliferation (measured by Ki-67) in the LCA from sham
operated animals of both strains (data not shown) as we
previously observed in C57Bl/6J mice.8 After ligation SJL
mice showed a significant increase in proliferation in the
intima (white arrows, Figure IIIA) compared with C3H/F
(Figure IIIB). By quantitation of the total cell number per
field there was a significantly increased in cell proliferation in
the intima of SJL compared with C3H/F (Figure 4). When
adjusted by vessel area differences in proliferation rate were
more pronounced, perhaps because of the significant decrease
in vessel wall in C3H/F (Figure IIIE). In contrast to the Ki-67
data, expression of caspase-3 was significantly increased in
the intima in C3H/F compared with SJL (gray bars, Figure 4;
Figure IIIF). Taken together, these data suggest that the rate
of cell turnover in the carotid artery dramatically differs
between SJL and C3H/F mice. As predicted, a higher prolif-
eration was associated with IMT in SJL, whereas signifi-
cantly greater apoptosis was associated with decreased IMT
in C3H/F.

Discussion
The major finding of the present study is that expression of
the inflammatory cytokines IL-18 and Mif was associated
with increased carotid IMT in SJL compared with C3H/F
inbred mice in response to a reduction in blood flow. We
recently showed that vascular remodeling differed signifi-
cantly among 5 inbred strains of mice with the greatest
difference in intima formation between C3H/H and SJL
mice.9 In the present study we compared 2 C3H substrains
(C3H/H and C3H/F) and did not found any morphological
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differences in remodeling in low flow carotids (Figure 1;
Figures I and II). Quantitative immunohistochemical evalua-
tion of carotids after ligation showed a dramatic increase in
inflammatory cells in the intima of SJL compared with other
strains (Figure 2). The increased inflammation in SJL mice
appeared to be mediated, in part, by Mif and IL-18 cytokines
based on microarray, qRT-PCR and immunohistochemistry
(Table; Figure 3). Although the fold-increase in IL-18 and
MIF mRNA expression was small (especially when com-

pared with the immunohistochemistry), we believe that this
nevertheless partially explains the significant differences in
leukocyte accumulation. One possible explanation is that the
mRNA data reflect a single time point, whereas the immu-
nohistochemistry represents accumulation of proteins over
the 2 weeks. Alternatively, it is possible that at early time
points mRNA levels were higher. In addition, we showed
significant differences in cell growth and apoptosis that likely
contributed to IMT. Specifically there was increased prolif-
eration in SJL and increased apoptosis in C3H/F mice (Figure
4), which may explain the decreased intima in C3H/F
compared with SJL mice (Figure 1).

Figure 2. Immunohistochemical evaluation of the LCA mice 2
weeks after ligation. Representative photomicrographs of CD45
(A, SJL; inset, C3H/F) and �1-actin (B, C3H/F; inset, SJL) posi-
tive staining, without counterstain. White arrows show positive
cells for (A). Magnification is 60�. Bar is 20 �m. Quantitative
analyses of positive staining per intima–media (C and D) and
adventitia area (E and F). Black bars for CD45, gray bars for
�1-actin positive staining (see Figure 1 for label details).

Figure 3. Immunohistochemical evaluation of the LCA 2 weeks
after ligation. Mif: shams (A, SJL; B, C3H/F), ligated (C, SJL; D,
C3H/F); IL-18 (E, SJL; F, C3H/F; insets are shams). Bracket
shows area between internal and external elastic lamina. Posi-
tive staining is brown. Magnification is 60�. Bar is 20 �m.

Figure 4. Quantitative immunohistochemical analyses of cell
turnover of positive cells per total cell number. Black bars for
Ki-67, gray bars for caspase-3. Values are mean�SEM.
#P�0.05 compare with SJL (ANOVA).

Cytokine Gene Expression Profiles of Mouse
Carotid Arteries

Comparison*
Gene
Name

Microarray,
Fold Increase

qRT-PCR,
Fold Increase

Shams

SJL vs C3H Mif 1.6 2.6�0.6

SJL

Lig vs Shams IL-18 1.9 2.6�0.5

Ligated

SJL vs C3H Mif 1.8 1.5�0.2

IL-18 1.7 2.5�0.8

*All values are significant at P�0.05. For statistical analysis we used
Superarray online Analyzer software, which compared expression data from
multiple membranes (we had 2 in each group; total of 8 membranes). This was
followed by normalization using the most consistent control genes (125 and
126) followed by comparison between groups. Expression of GAPDH (1) was
similar on all membranes (�0.3-fold at each analysis). qRT-PCR was repeated
3 times.
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Using a cytokine specific microarray we found significant
increases in IL-18 and Mif gene expression in SJL compared
with C3H/F mice that were confirmed by qRT-PCR and
immunohistochemistry. These data suggest that inflammation
plays a significant role in progression of IMT in response to
low flow. A potential mechanism could be increased mono-
cyte recruitment (and retention) to the low flow carotid
caused by Mif expression by endothelial cells. The mono-
cytes now secrete IL-18, which drives further inflammation
and Mif expression, creating a chronic inflammatory re-
sponse. A recent publication16 showed a strong correlation
between serum levels of IL-18 and carotid IMT in patients,
and the AtheroGene study17 identified an IL-18 polymor-
phism that associated with cardiovascular disease. Also,
IL-18 has been shown to increase VSMC growth.18

Of interest, the SJL and C3H inbred strains of mice are
well-known for their impaired immune responses because of
a defect in B cells in C3H/H, whereas both T and B cells are
defective in SJL.10 Flow-induced vascular remodeling re-
quires involvement of several cell types (endothelial, smooth
muscle, blood-derived mononuclear, and progenitors), but in
the present study monocyte/macrophages were most apparent
in remodeled carotids only from SJL mice (Figure 2).
Proinflammatory cytokines (eg, IFN-�, MCP-1, IL-6, IL-18,
and IL-12) have been shown to affect atherosclerosis progres-
sion, possibly via innate immune responses involving Toll
receptors.3–6,19 C3H/H mice are known for their defective
response to LPS due to a mutation in TLR4, whereas the
C3H/F is TLR4-sufficient.12 Our data suggest that alterations
in TLR4 signaling do not account for differences in intima
formation, despite experimental evidence that TLR4 is im-
portant for neointima formation,13 and outward remodeling,14

because C3H/H and C3H/F mice have the same remodeling
response after flow reduction (Figure 1; Figures I and II).
Thus, whereas TLR4 and its downstream adaptor molecule
MyD88 appear to be important in atherosclerosis in a hyper-
cholesterolemic mouse model, there does not appear to be a
role for TLR4 in flow induced remodeling.7 Instead, we
believe that there is a difference in secretion of proinflam-
matory cytokines in response to low flow. For example, focal
cerebral ischemia significantly increased microglial–macro-
phage synthesis of tumor necrosis factor-� in SJL mice.20

Taken together, our data suggest that IMT in SJL mice after
flow reduction depends on inflammatory cytokine expression
within the vessel wall.

The major finding of our study was the pathophysiological
upregulation of IL-18 and Mif in carotids from SJL compared
with C3H/F mice (Table). IL-18 belongs to the IL-1 cytokine
family and is also known as IFN-� inducing factor.21 A
proatherogenic role for IL-18 was recently suggested based
on animal experiments, human epidemiology, and clinical
trials.5,16,17,22–25 In patients with cardiovascular disease, the
serum concentration of IL-18 was a strong predictor for
cardiovascular death,23 probably because of the adverse effect
of IL-18 on plaque stability.5 Our recent data showed that
patients with acute coronary syndromes had a significantly
higher serum level of IL-18 and unopposed IL-18 activity
caused by lower IL-18 binding protein.25 Plasma IL-18 is an
independent risk factor for hyperhomocystinemia and IMT in

patients with type 2 diabetes.24 Two recent epidemiological
studies suggested a causative role of IL-18 in atherosclero-
sis.16,17 High plasma IL-18 was predictive for an increased
IMT in humans,16 and polymorphism of the IL-18 gene
significantly affected circulating levels of IL-18 and clinical
outcome in patients with coronary artery disease.17 IL-18 is
found in macrophages in atherosclerotic plaques in human
carotids.5 It was proposed that endothelial cells and mono-
cytes/macrophages, but not VSMC, are targets for IL-18,
based on expression of the IL-18 receptor.5,26 However, a
recent publication showed that IL-18 stimulated rat aortic
smooth muscle cell proliferation via increased transcription
of chemokine CXCL16.18 Consistent with a key role for
IL-18, SJL mice exhibited increased inflammatory cell con-
tent in the intima–media (Figure 2) associated with expres-
sion of IL-18 (Table; Figure 3E). Our data on the pathological
role of IL-18 in SJL mice are consistent with previous
observations that LPS-stimulated macrophages from SJL
mice produced IL-18.27 However, the IL-18–dependent path-
way(s) responsible for IMT require further investigation,
because IL-18 can accelerate atherosclerosis even in the
absence of activated T cells.28

We found that Mif mRNA expression was greater in
carotids from SJL than C3H/F both at baseline and after flow
reduction (Table). In particular, we observed increased Mif-
positive cells in the adventitia and endothelium of sham-
operated SJL compared with C3H/F mice, although expres-
sion in media was the same (Figure 3A and 3B). This finding
may be consistent with the concept that some vessels are
“primed” for inflammation such as SJL carotids. Importantly,
microarray analysis of ligated SJL carotids showed a signif-
icant increase in Mif expression that may contribute to the
differences in remodeling between SJL and C3H/F (Table;
Figure 3C and 3D). In contrast to cytokines that are induced
by inflammation (eg, IL-18), Mif is constitutively expressed
in many tissues.29 Of interest, a recent study showed coin-
duction of IL-18 and Mif during retinoic acid-induced differ-
entiation of embryonic stem cells,30 suggesting that they may
share a signaling pathway. De novo Mif expression was
reported previously in endothelial cells and macrophages in a
rabbit atherogenesis model,31 as well as in human atheroscle-
rosis.32 Most relevant to our findings is a recent report33 that
inhibiting Mif (monoclonal antibody injections) reduced
macrophage number and increased VSMC number in wire-
injured apolipoprotein E�/� mice carotids.

There are 2 major limitations of our study: (1) a limited
number of cytokines (121 gene) being evaluated and (2)
because gene expression was investigated at only a single
time point, our data do not obviate the possibility of cytokines
other than IL-18 and MIF being present at different times
during arterial remodeling.

In conclusion, our data suggest that the inflammatory
response to a chronic reduction in blood flow is genetically
determined and plays an important role in IMT. Consistent
with clinical observations,5,16,17,22–25 our findings suggest a
critical role for increased IL-18 and Mif expression in
flow-dependent IMT progression, likely via recruitment of
monocytes, retention of macrophages, and subsequent effects
on cell growth and apoptosis.
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Figure IS. The vessel compartment areas are plotted versus the length of the carotid artery in
C3H sub-strains.Lumen: A, C3H/F. B, C3H/H. Media: C, C3H/F. D, C3H/H. Adventitia: E,
C3H/F. F, C3H/H. Open squares and solid line are LCA shams. Black squares and solid line are
LCA ligated. Open diamonds and interrupted line are RCA shams. Black diamonds and
interrupted line are RCA from LCA ligated animals. There were small variations in vessel areas
along carotid length due to dividing of carotid into branches (200 vs. 400 µm from bifurcation)
similar in both strains. Values are mean±SEM.
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Figure IIS. The intima and intima+media areas are plotted versus the
length of the left carotid artery in C3H sub-strains. A, Intima. B,
Intima+media. Open diamonds are C3H/F mice. Black diamonds are
C3H/H mice. There were no differences in areas along carotid length in
both strains. Values are mean±SEM.
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Figure IIIS. Immunohistochemical evaluation of cell turnover in the LCA from
SJL and C3H/F mice. Representative photomicrographs of Ki-67 (A: SJL, B:
C3H/F) and caspase-3 (C: SJL, D: C3H/F) positive staining. Open arrows show
positive cells (brown staining). Magnification is 60x. Bar is 20 µm. Quantitative
immunohistochemical analyses Positive staining per intima area of Ki-67 (E)
and caspase-3 (F). Black bars for Ki-67, grey bars for caspase-3 . Values are
mean±SEM. #, p<0.05 compare with SJL (ANOVA).
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Gene Table

Position GeneBank Symbol Description GO Term

1 NM_008084 Gapd

Glyceraldehyde-3-phosphate dehydrogenase Oxidoreductase activity;Mitochondrion;Glyceraldehyde-3-phosphate dehydrogenase 

(phosphorylating) activity;Glucose metabolism;Glycolysis;Glyceraldehyde-3-phosphate 

dehydrogenase activity;

2 NM_009704 Areg Amphiregulin Integral to membrane;Growth factor activity;Cytokine activity;

3 NM_030711 Arts1

Type 1 tumor necrosis factor receptor shedding aminopeptidase 

regulator

Hydrolase activity;Aminopeptidase activity;Proteolysis and peptidolysis;DNA 

binding;Regulation of transcription, DNA-dependent;Cytoplasm;Transcription factor 

activity;Zinc ion binding;Receptor activity;Extracellular space;Metallopeptidase 

activity;Peptidase activity;Membrane alanyl aminopeptidase activity;Positive regulation of 

angiogenesis;Methionyl aminopeptidase activity;Leucyl aminopeptidase activity;

4 NM_009755 Bmp1

Bone morphogenetic protein 1 Hydrolase activity;Calcium ion binding;Proteolysis and peptidolysis;Zinc ion 

binding;Organogenesis;Growth factor activity;Metalloendopeptidase activity;Cytokine 

activity;Metallopeptidase activity;Astacin activity;

5 NM_009756 Bmp10
Bone morphogenetic protein 10 Extracellular;Cell growth and/or maintenance;Extracellular space;Growth factor 

activity;Cytokine activity;Heart development;Growth;

6 NM_009757 Bmp15
Bone morphogenetic protein 15 Extracellular;Cell growth and/or maintenance;Extracellular space;Growth factor 

activity;Cytokine activity;

7 NM_007553 Bmp2

Bone morphogenetic protein 2 Protein binding;Extracellular space;Organogenesis;Growth factor activity;Cytokine 

activity;Transforming growth factor beta receptor signaling pathway;Embryonic 

development;BMP signaling pathway;Growth;Cardiac cell differentiation;Cell fate 

commitment;Epithelial to mesenchymal transition;
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8 NM_173404 Bmp3
Bone morphogenetic protein 3 Growth factor activity;Cytokine activity;Transforming growth factor beta receptor signaling 

pathway;

9 NM_007554 Bmp4

Bone morphogenetic protein 4 Protein binding;Extracellular space;Growth factor activity;Skeletal 

development;Angiogenesis;Cytokine activity;Heart development;Mesoderm cell fate 

determination;BMP signaling pathway;Growth;Eye morphogenesis (sensu Mammalia);Cell 

fate commitment;Metanephros development;Ureteric bud development;Forebrain 

development;Histogenesis;

10 NM_007555 Bmp5

Bone morphogenetic protein 5 Protein binding;Extracellular space;Growth factor activity;Skeletal development;Cytokine 

activity;Transforming growth factor beta receptor signaling pathway;Growth;Pattern 

specification;

11 NM_007556 Bmp6
Bone morphogenetic protein 6 Extracellular;Protein binding;Cell growth and/or maintenance;Extracellular space;Growth 

factor activity;Cell differentiation;Cytokine activity;BMP signaling pathway;Growth;

12 NM_007557 Bmp7

Bone morphogenetic protein 7 Protein binding;Extracellular space;Organogenesis;Growth factor activity;Cytokine 

activity;BMP signaling pathway;Axon guidance;Growth;Pattern specification;Salivary gland 

morphogenesis;

13 NM_007559 Bmp8b
Bone morphogenetic protein 8b Extracellular space;Growth factor activity;Spermatogenesis;Cytokine activity;Transforming 

growth factor beta receptor signaling pathway;Growth;

14 NM_007778 Csf1

Colony stimulating factor 1 (macrophage) Integral to membrane;Cell growth and/or maintenance;Extracellular space;Growth factor 

activity;Cytokine activity;Positive regulation of body size;Positive regulation of 

odontogenesis (sensu Vertebrata);Regulation of ossification;

15 NM_009969 Csf2

Colony stimulating factor 2 (granulocyte-macrophage) Extracellular;Immune response;Extracellular space;Growth factor activity;Cytokine and 

chemokine mediated signaling pathway;Cytokine activity;Granulocyte macrophage colony-

stimulating factor receptor binding;Dendritic cell differentiation;

16 NM_009971 Csf3 Colony stimulating factor 3 (granulocyte) Extracellular;Immune response;Extracellular space;Growth factor activity;Cytokine activity;

17 NM_007795 Ctf1 Cardiotrophin 1 Cytokine activity;

18 NM_198858 Ctf2 Cardiotrophin 2 Cytokine activity;

19 NM_010099 Eda

Ectodysplasin-A Integral to membrane;Immune response;Cytoplasm;Development;Membrane;Cell-matrix 

adhesion;Integral to plasma membrane;Cell differentiation;Tumor necrosis factor receptor 

binding;Phosphate transport;Endoplasmic reticulum membrane;Positive regulation of NF-

kappaB-nucleus import;Salivary gland development;Apical part of cell;

20 XM_284344 Fbs1 Fibrosin 1 Growth factor activity;Cytokine activity;

21 NM_008002 Fgf10

Fibroblast growth factor 10 Protein binding;Positive regulation of cell proliferation;Extracellular 

space;Organogenesis;Growth factor activity;Cell-cell signaling;Fibroblast growth factor 

receptor signaling pathway;Fibroblast growth factor receptor binding;Induction of an 

organ;Negative regulation of cell differentiation;

22 NM_013520 Flt3l FMS-like tyrosine kinase 3 ligand Integral to membrane;Membrane;Cytokine activity;Lymphocyte differentiation;

23 NM_008107 Gdf1 Growth differentiation factor 1

24 NM_145741 Gdf10 Growth differentiation factor 10 Extracellular space;Growth factor activity;Cytokine activity;

25 AF092734 Gdf11
Growth differentiation factor 11 Extracellular space;Growth factor activity;Cytokine activity;Growth;Metanephros 

development;

26 NM_011819 Gdf15 Growth differentiation factor 15 Extracellular space;Growth factor activity;Cytokine activity;

27 NM_019506 Gdf2
Growth differentiation factor 2 Extracellular;Cell growth and/or maintenance;Extracellular space;Growth factor 

activity;Cytokine activity;Growth;

28 NM_008108 Gdf3
Growth differentiation factor 3 Extracellular;Cell growth and/or maintenance;Extracellular space;Growth factor 

activity;Cytokine activity;Growth;

29 NM_008109 Gdf5 Growth differentiation factor 5 Protein binding;Extracellular space;Growth factor activity;Cytokine activity;Growth;

30 NM_010834 Gdf8
Growth differentiation factor 8 Calcium ion binding;Protein binding;Growth factor activity;Cytokine activity;Transforming 

growth factor beta receptor signaling pathway;Growth;

31 NM_008110 Gdf9
Growth differentiation factor 9 Extracellular;Cell growth and/or maintenance;Extracellular space;Growth factor 

activity;Cytokine activity;

32 NM_008155 Gpi1
Glucose phosphate isomerase 1 Glycolysis;Growth factor activity;Cytokine activity;Isomerase 

activity;Gluconeogenesis;Glucose-6-phosphate isomerase activity;

33 NM_008175 Grn
Granulin Calcium ion binding;Mitochondrion;Extracellular space;Cytokine activity;Lipid 

catabolism;Phospholipase A2 activity;

34 NM_010502 Ifna1
Interferon alpha family, gene 1 Extracellular;Extracellular space;Defense response;Cytokine activity;Hematopoietin/

interferon-class (D200-domain) cytokine receptor binding;

35 NM_177361 Ifna12 Interferon alpha family, gene 12 Defense response;Cytokine activity;

36 NM_177347 Ifna13 Interferon alpha family, gene 13 Defense response;Cytokine activity;

37 NM_010503 Ifna2
Interferon alpha family, gene 2 Extracellular;Extracellular space;Defense response;Cytokine activity;Hematopoietin/

interferon-class (D200-domain) cytokine receptor binding;

38 NM_010504 Ifna4
Interferon alpha family, gene 4 Extracellular;Extracellular space;Defense response;Cytokine activity;Hematopoietin/

interferon-class (D200-domain) cytokine receptor binding;

39 NM_010505 Ifna5
Interferon alpha family, gene 5 Extracellular;Extracellular space;Defense response;Cytokine activity;Hematopoietin/

interferon-class (D200-domain) cytokine receptor binding;

40 NM_008335 Ifna6
Interferon alpha family, gene 6 Extracellular;Extracellular space;Defense response;Cytokine activity;Hematopoietin/

interferon-class (D200-domain) cytokine receptor binding;
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41 NM_008334 Ifna7
Interferon alpha family, gene 7 Extracellular;Defense response;Cytokine activity;Hematopoietin/interferon-class (D200-

domain) cytokine receptor binding;

42 NM_010510 Ifnb1
Interferon beta 1, fibroblast Extracellular;Extracellular space;Defense response;Cytokine activity;Hematopoietin/

interferon-class (D200-domain) cytokine receptor binding;

43 NM_008337 Ifng

Interferon gamma Regulation of cell growth;Extracellular;Immune response;Transcriptional activator 

activity;Extracellular space;Defense response;Regulation of transcription;Cytokine 

activity;Interferon-gamma receptor binding;Neutrophil chemotaxis;Positive regulation of 

transcription, DNA-dependent;Positive regulation of MHC class II biosynthesis;Positive 

regulation of isotype switching to IgG isotypes;Regulation of immune response;Programmed 

cell death, neutrophils;Positive regulation of interleukin-12 biosynthesis;Positive regulation 

of interleukin-6 biosynthesis;Positive regulation of chemokine biosynthesis;Positive 

regulation of interleukin-1 beta secretion;Programmed cell death, inflammatory cells;

44 NM_011879 Ik IK cytokine

45 NM_010548 Il10
Interleukin 10 Extracellular;Immune response;Extracellular space;Cytokine activity;Positive regulation of 

MHC class II biosynthesis;

46 NM_008350 Il11 Interleukin 11 Extracellular space;Growth factor activity;Cytokine activity;

47 NM_008351 Il12a
Interleukin 12A Extracellular;Immune response;Extracellular space;Growth factor activity;Cytokine 

activity;Interleukin-12 receptor binding;

48 NM_008352 Il12b

Interleukin 12B Cell surface receptor linked signal transduction;Membrane;Extracellular space;Cytokine 

activity;Hematopoietin/interferon-class (D200-domain) cytokine receptor activity;Protein 

homodimerization activity;

49 NM_008355 Il13
Interleukin 13 Extracellular;Immune response;Extracellular space;Cytokine activity;Interleukin-13 

receptor binding;Hematopoietin/interferon-class (D200-domain) cytokine receptor binding;

50 NM_001005506 Txln Taxilin

51 NM_008357 Il15

Interleukin 15 Extracellular;Immune response;Cytokine activity;Lymph gland development;Hematopoietin/

interferon-class (D200-domain) cytokine receptor binding;Regulation of T-cell 

differentiation;Positive regulation of T-cell proliferation;NK T-cell proliferation;Extrathymic T-

cell selection;Positive regulation of immune response;Regulation of antiviral response by 

host;

52 NM_010551 Il16
Interleukin 16 Protein binding;Intracellular;Cytokine activity;Immune cell chemotaxis;Induction of positive 

chemotaxis;

53 NM_010552 Il17 Interleukin 17 Extracellular space;Cytokine activity;

54 NM_019508 Il17b
Interleukin 17B Receptor binding;Protein binding;Extracellular space;Cytokine activity;Neutrophil 

chemotaxis;

55 NM_145834 Il17c Interleukin 17C Cellular_component unknown;Cytokine activity;Neutrophil differentiation;

56 NM_080729 Il17e
Interleukin 17E Inflammatory response;Extracellular space;Cytokine activity;Response to pathogenic 

fungi;Interleukin-17E receptor binding;Eosinophil differentiation;Response to nematodes;

57 NM_145856 Il17f Interleukin 17F

58 NM_008360 Il18 Interleukin 18 Extracellular;Immune response;Interleukin-1 receptor binding;Cytokine activity;

59 XM_283649 Il19
Interleukin 19 Induction of apoptosis;Oxygen and reactive oxygen species metabolism;Interleukin-6 

biosynthesis;

60 NM_010554 Il1a

Interleukin 1 alpha Cell proliferation;Extracellular;Immune response;Regulation of cell cycle;Inflammatory 

response;Signal transducer activity;Growth factor activity;Interleukin-1 receptor 

binding;Cytokine and chemokine mediated signaling pathway;Cytokine activity;

61 NM_008361 Il1b

Interleukin 1 beta Cell proliferation;Extracellular;Immune response;Regulation of cell cycle;Inflammatory 

response;Signal transducer activity;Growth factor activity;Interleukin-1 receptor 

binding;Cytokine and chemokine mediated signaling pathway;Cytokine activity;Neutrophil 

chemotaxis;Positive regulation of interleukin-6 biosynthesis;Positive regulation of chemokine 

biosynthesis;

62 NM_153077 Il1f10 Interleukin 1 family, member 7 Extracellular;Immune response;Interleukin-1 receptor binding;Cytokine activity;

63 NM_019451 Il1f5 Interleukin 1 family, member 5 (delta) Extracellular;Immune response;Interleukin-1 receptor binding;Cytokine activity;

64 NM_019450 Il1f6
Interleukin 1 family, member 6 Extracellular;Immune response;Inflammatory response;Interleukin-1 receptor 

binding;Cytokine activity;

65 XM_130058 Il1f8 Interleukin 1 family, member 8 Extracellular;Immune response;Interleukin-1 receptor binding;Cytokine activity;

66 NM_153511 Il1f9 Interleukin 1 family, member 9 Extracellular;Immune response;Interleukin-1 receptor binding;Cytokine activity;

67 NM_031167 Il1rn

Interleukin 1 receptor antagonist Extracellular;Immune response;Cell surface receptor linked signal transduction;Receptor 

activity;Integral to plasma membrane;Interleukin-1 receptor binding;Lipid 

metabolism;Insulin secretion;

68 NM_008366 Il2

Interleukin 2 Cell proliferation;Extracellular;Immune response;Inflammatory response;Extracellular 

space;Growth factor activity;Hormone activity;Defense response;Cytokine activity;Cellular 

defense response;Interleukin-2 receptor binding;

69 NM_021380 Il20
Interleukin 20 Extracellular;Immune response;Extracellular space;Cytokine activity;STAT protein nuclear 

translocation;

70 NM_021782 Il21 Interleukin 21 Extracellular space;Hematopoietin/interferon-class (D200-domain) cytokine receptor binding;

71 NM_016971 Il22
Interleukin 22 Extracellular;Immune response;Protein binding;Cytokine activity;Oxygen and reactive 
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oxygen species metabolism;Regulation of tyrosine phosphorylation of Stat3 protein;

72 NM_053095 Il24 Interleukin 24 Extracellular;Immune response;Extracellular space;Cytokine activity;

73 NM_145636 Il27
Interleukin 27 Receptor binding;Protein binding;Extracellular space;Interleukin-27 receptor 

binding;Regulation of T-cell proliferation;

74 NM_010556 Il3
Interleukin 3 Extracellular;Immune response;Extracellular space;Growth factor activity;Cytokine 

activity;Interleukin-3 receptor binding;

75 NM_021283 Il4

Interleukin 4 Extracellular;Immune response;Extracellular space;Growth factor activity;Cytokine 

activity;Interleukin-4 receptor binding;Hematopoietin/interferon-class (D200-domain) 

cytokine receptor binding;B-cell activation;Negative regulation of osteoclast 

differentiation;Positive regulation of MHC class II biosynthesis;Positive regulation of isotype 

switching to IgG isotypes;Regulation of immune response;Regulation of phosphorylation;

76 NM_010558 Il5
Interleukin 5 Extracellular;Immune response;Extracellular space;Growth factor activity;Cytokine 

activity;Interleukin-5 receptor binding;

77 NM_031168 Il6

Interleukin 6 Extracellular;Immune response;Protein binding;Extracellular space;Acute-phase 

response;Growth factor activity;Cytokine activity;Interleukin-6 receptor binding;Negative 

regulation of chemokine biosynthesis;Programmed cell death, neutrophils;

78 NM_008371 Il7

Interleukin 7 Extracellular;Immune response;Growth factor activity;Positive regulation of T-cell 

differentiation;Cytokine activity;Interleukin-7 receptor binding;Hematopoietin/interferon-

class (D200-domain) cytokine receptor binding;Bone resorption;Positive regulation of B-cell 

proliferation;

79 NM_008373 Il9

Interleukin 9 Extracellular;Immune response;Extracellular space;Growth factor activity;Cytokine 

activity;Interleukin-9 receptor binding;Hematopoietin/interferon-class (D200-domain) 

cytokine receptor binding;

80 NM_010564 Inha
Inhibin alpha Extracellular;Cell growth and/or maintenance;Extracellular space;Growth factor 

activity;Hormone activity;

81 NM_008380 Inhba
Inhibin beta-A Extracellular;Cell growth and/or maintenance;Extracellular space;Growth factor 

activity;Hormone activity;Growth;

82 XM_148966 Inhbb
Inhibin beta-B Extracellular;Cell growth and/or maintenance;Growth factor activity;Hormone 

activity;Growth;

83 NM_013598 Kitl

Kit ligand Plasma membrane;Integral to membrane;Cell adhesion;Protein binding;Germ cell 

development;Membrane;Extracellular space;Growth factor activity;Stem cell factor 

receptor binding;

84 NM_010094 Lefty1
Left right determination factor 1 Development;Extracellular space;Growth factor activity;Cytokine activity;Transforming 

growth factor beta receptor binding;Cell growth;Growth;

85 NM_008501 Lif
Leukemia inhibitory factor Extracellular;Immune response;Extracellular space;Growth factor activity;Cytokine 

activity;Leukemia inhibitory factor receptor binding;

86 NM_197889 Lmtn Limitin Defense response;Cytokine activity;

87 NM_010735 Lta

Lymphotoxin A Cell proliferation;Cell growth and/or maintenance;Humoral immune response;Inflammatory 

response;Positive regulation of cell proliferation;Extracellular space;Tumor necrosis factor 

receptor binding;Cellular defense response;Lymph gland development;Programmed cell 

death, transformed cells;

88 NM_008518 Ltb Lymphotoxin B Plasma membrane;Integral to membrane;Lymph gland development;

89 NM_010798 Mif

Macrophage migration inhibitory factor Inflammatory response;Cell aging;Regulation of cell proliferation;Cytokine 

activity;Isomerase activity;DNA damage response, signal transduction by p53 class 

mediator;

90 NM_013611 Nodal
Nodal Development;Extracellular space;Growth factor activity;Cytokine activity;Cell fate 

commitment;Determination of left/right symmetry;

91 NM_178591 Nrg1

Neuregulin 1 Plasma membrane;Integral to membrane;Cytoplasm;Membrane;Integral to plasma 

membrane;Cell migration;Growth factor activity;Muscle development;Neurogenesis;Cellular 

morphogenesis;MAPKKK cascade;Heart development;Glial cell differentiation;Locomotory 

behavior;Positive regulation of RAS protein signal transduction;Regulation of cell 

differentiation;Synaptogenesis;Synapse;Peripheral nervous system development;ErbB-2 

class receptor binding;Neuronal lineage restriction;Neurotransmitter receptor 

metabolism;Positive regulation of protein kinase activity;

92 NM_146050 Oit1 Oncoprotein induced transcript 1

93 XM_137493 Osm
Oncostatin M Regulation of cell growth;Extracellular;Immune response;Cytokine activity;Oncostatin-M 

receptor binding;

94 NM_016740 S100a11 S100 calcium binding protein A11 (calizzarin) Calcium ion binding;Cytokine activity;

95 NM_170727 Scgb3a1 Secretoglobin, family 3A, member 1 Extracellular space;Cytokine activity;Biological_process unknown;

96 NM_007926 Scye1 Small inducible cytokine subfamily E, member 1 Nucleic acid binding;Cytokine activity;TRNA binding;Protein biosynthesis;RNA binding;

97 NM_009263 Spp1 Secreted phosphoprotein 1 Cell adhesion;Protein binding;Extracellular space;Cytokine activity;Ossification;

98 NM_009379 Thpo

Thrombopoietin Cell proliferation;Extracellular;Cell growth and/or maintenance;Regulation of cell 

cycle;Intracellular;Extracellular space;Hormone activity;Cytokine activity;Myeloid blood cell 

differentiation;

Tumor necrosis factor Plasma membrane;Cell proliferation;Immune response;Cell growth and/or 

maintenance;Humoral immune response;Inflammatory response;Positive regulation of cell 
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99 NM_013693 Tnf

proliferation;Induction of apoptosis via death domain receptors;Signal transducer 

activity;Development;Positive regulation of I-kappaB kinase/NF-kappaB cascade;Integral to 

plasma membrane;Organogenesis;Tumor necrosis factor receptor binding;Defense 

response;Secretory granule;Regulation of cell proliferation;Cytokine and chemokine 

mediated signaling pathway;Cellular defense response;Lymph gland development;Cellular 

extravasation;Positive regulation of osteoclast differentiation;Programmed cell death, 

transformed cells;Regulation of osteoclast differentiation;

100 NM_008764 Tnfrsf11b
Tumor necrosis factor receptor superfamily, member 11b 

(osteoprotegerin)

Signal transduction;Protein binding;Apoptosis;Receptor activity;Extracellular 

matrix;Extracellular space;Negative regulation of odontogenesis (sensu Vertebrata);

101 NM_009425 Tnfsf10
Tumor necrosis factor (ligand) superfamily, member 10 Integral to membrane;Immune response;Protein binding;Apoptosis;Membrane;Extracellular 

space;Tumor necrosis factor receptor binding;Cytokine activity;

102 NM_011613 Tnfsf11

Tumor necrosis factor (ligand) superfamily, member 11 Integral to membrane;Immune response;Protein binding;Receptor 

activity;Membrane;Organogenesis;Cell differentiation;Tumor necrosis factor receptor 

binding;Cytokine activity;Lymph gland development;Ossification;Regulation of osteoclast 

differentiation;Bone resorption;Osteoclast differentiation;Protein homooligomerization 

activity;

103 NM_011614 Tnfsf12
Tumor necrosis factor (ligand) superfamily, member 12 Integral to membrane;Immune response;Apoptosis;Membrane;Angiogenesis;Tumor 

necrosis factor receptor binding;Cytokine activity;

104 NM_023517 Tnfsf13
Tumor necrosis factor (ligand) superfamily, member 13 Immune response;Positive regulation of cell proliferation;Membrane;Tumor necrosis factor 

receptor binding;Cytokine activity;

105 NM_033622 Tnfsf13b
Tumor necrosis factor (ligand) superfamily, member 13b Integral to membrane;Immune response;Membrane;Tumor necrosis factor receptor 

binding;Cytokine activity;

106 NM_019418 Tnfsf14
Tumor necrosis factor (ligand) superfamily, member 14 Plasma membrane;Integral to membrane;Immune response;Membrane;Tumor necrosis 

factor receptor binding;Cytokine activity;

107 NM_177371 Tnfsf15
Tumor necrosis factor (ligand) superfamily, member 15 Plasma membrane;Protein binding;Caspase activation;Activation of NF-kappaB-inducing 

kinase;Cytokine metabolism;

108 NM_183391 Tnfsf18 Tumor necrosis factor (ligand) superfamily, member 18 Receptor activity;

109 NM_009452 Tnfsf4
Tumor necrosis factor (ligand) superfamily, member 4 Integral to membrane;Immune response;Membrane;Tumor necrosis factor receptor 

binding;Cytokine activity;

110 NM_011616 Tnfsf5
Tumor necrosis factor (ligand) superfamily, member 5 Plasma membrane;Integral to membrane;Immune response;Membrane;Tumor necrosis 

factor receptor binding;Defense response;Cytokine activity;

111 NM_010177 Tnfsf6
Tumor necrosis factor (ligand) superfamily, member 6 Integral to membrane;Signal transduction;Extracellular;Immune 

response;Apoptosis;Membrane;Tumor necrosis factor receptor binding;Cytokine activity;

112 NM_011617 Tnfsf7
Tumor necrosis factor (ligand) superfamily, member 7 Integral to membrane;Immune response;Membrane;Tumor necrosis factor receptor 

binding;Cytokine activity;

113 NM_009403 Tnfsf8
Tumor necrosis factor (ligand) superfamily, member 8 Integral to membrane;Immune response;Membrane;Tumor necrosis factor receptor 

binding;Cytokine activity;

114 NM_009404 Tnfsf9 Tumor necrosis factor (ligand) superfamily, member 9

115 L08752 PUC18 PUC18 Plasmid DNA

116 

117 

118 N/A AS1R2 Artificial Sequence 1 Related 2 (80% identity)(48/60)

119 N/A AS1R1 Artificial Sequence 1 Related 1 (90% identity)(54/60)

120 N/A AS1 Artificial Sequence 1

121 NM_024277 Rps27a Ribosomal protein S27a Intracellular;Protein biosynthesis;Ribosome;

122 NM_009735 B2m

Beta-2 microglobulin Plasma membrane;Integral to plasma membrane;Extracellular space;Defense 

response;Cellular defense response;Antigen processing, endogenous antigen via MHC class 

I;MHC class I receptor activity;Antigen presentation, endogenous antigen;

123 NM_008302 Hspcb

Heat shock protein 1, beta ATP binding;Protein binding;Mitochondrion;Response to heat;Protein folding;Unfolded protein 

binding;Response to unfolded protein;ATP binding;Protein binding;Mitochondrion;Response to 

heat;Protein folding;Unfolded protein binding;Response to unfolded protein;

124 NM_008302 Hspcb

Heat shock protein 1, beta ATP binding;Protein binding;Mitochondrion;Response to heat;Protein folding;Unfolded protein 

binding;Response to unfolded protein;ATP binding;Protein binding;Mitochondrion;Response to 

heat;Protein folding;Unfolded protein binding;Response to unfolded protein;

125 NM_008907 Ppia

Peptidylprolyl isomerase A Cytosol;Protein folding;Isomerase activity;Peptidyl-prolyl cis-trans isomerase 

activity;Cytosol;Protein folding;Isomerase activity;Peptidyl-prolyl cis-trans isomerase 

activity;

126 NM_008907 Ppia

Peptidylprolyl isomerase A Cytosol;Protein folding;Isomerase activity;Peptidyl-prolyl cis-trans isomerase 

activity;Cytosol;Protein folding;Isomerase activity;Peptidyl-prolyl cis-trans isomerase 

activity;

127 N/A BAS2C Biotinylated Artificial Sequence 2 Complementary sequence

128 N/A BAS2C Biotinylated Artificial Sequence 2 Complementary sequence
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