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Allograft inflammatory factor (AIF)-1 is a cytoplas-
mic, calcium-binding protein whose expression in
transplanted human hearts correlates with rejection
and development of coronary artery vasculopathy
(CAV). AIF-1 is constitutively expressed in mono-
cytes/macrophages, but its expression in human lym-
phocytes has not been described. After immunohisto-
chemical analysis of human coronary arteries with
CAV, we identified AIF-1 expression in CD3-positive
lymphocytes. AIF-1 was differentially expressed in
peripheral blood mononuclear cells and in the T-
lymphoblastoid MOLT-4 cell line exposed to various
cytokines, suggesting a role for AIF-1 in T-lymphocyte
activation. To determine AIF-1 function, MOLT-4 cells
were stably transduced by AIF-1 retrovirus. Overex-
pression of AIF-1 in these cells led to a 238% increase
in cell number compared to empty vector controls.
AIF-1 polymerized nonmuscle actin and MOLT-4 cells
overexpressing AIF-1 migrated 95% more rapidly
than empty vector controls. Primary human vascular
smooth muscle cells cultured in conditioned media
from AIF-1-transduced MOLT-4 cells proliferated 99%
more rapidly than vascular smooth muscle cells cul-
tured in conditioned media from empty vector-trans-
duced MOLT-4 cells. These data indicate that AIF-1 is
expressed in activated T lymphocytes, that its expres-
sion enhances activation of lymphocytes, and that
AIF-1 expression in activated lymphocytes may have
important ramifications for activation of adjacent ar-
terial vascular smooth muscle cells and development
of CAV. (Am J Pathol 2005, 167:619–626)

Although progress in immunosuppressive therapy has
been successful in reduction of graft rejection, the vas-
cular narrowing indicative of graft vascular disease re-
mains the major complication that limits long-term sur-
vival of solid organ transplantation.1 In the case of
cardiac allografts, this disease is characterized by a
diffuse, concentric intimal hyperplasia extending
throughout the coronary arterial tree, veins, and capillar-
ies. Consequently, interventions useful for patients with
conventional coronary artery disease are not applicable
to the majority of patients with coronary artery vasculopa-
thy (CAV) because of its extensive nature. The pathogen-
esis of CAV is believed to involve a chronic immune
response of the recipient to the donor vasculature in
which activated recipient immune cells damage the en-
dothelium, resulting in the production of cytokines that
elicit activation and proliferation of medial vascular
smooth muscle cells (VSMCs).2 The activation of VSMCs
is responsible for most of the obliterative arterial intimal
thickening present in solid organ allografts as well as in
CAV.3,4

The important role of T lymphocytes in promotion of
CAV, even in the absence of rejection, has been well
established. Activated T lymphocytes, in addition to mac-
rophages and VSMCs, make up much of the cellular
content of the neointima in CAV vessels.5 Products of
activated T cells, granzyme A and perforin, have been
identified as markers of rejection and compromised car-
diac function in transplanted human hearts.6 In animals, it
has been shown that increasing the frequency of donor-
reactive T cells did not mediate acute rejection but did
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increase the rate and severity of transplant vasculopa-
thy.7 Several studies have demonstrated that T-helper
cells play an essential function in development and se-
verity of neointimal thickening associated with allograft
vasculopathy,8–10 suggesting a fundamental role in acti-
vation of vascular cells. Consequently, identification and
characterization of proteins that link vascular/immune
communication may elucidate the molecular mecha-
nisms of many vascular diseases.

Allograft inflammatory factor-1 (AIF-1) is a 143-amino
acid, cytoplasmic, evolutionarily conserved, calcium-
binding protein. AIF-1 is constitutively expressed in mac-
rophages and glial cells, and has been implicated in the
inflammatory process of several cell types. Data from
several groups in diverse systems advocate an important
role for AIF-1 in inflammatory processes ranging from
expression in infiltrating macrophages in rat cardiac al-
lografts,11 in microglial injury and activation,12 and in the
allograft response of phylogenetically distant species
such as carp and marine sponges.13,14 In humans, the
AIF-1 gene maps to a the major histocompatibility com-
plex class III region on chromosome 6p21.3, which is
known for clusters of genes involved in the inflammatory
response. Although constitutively expressed in lymphoid
tissue, we have determined that AIF-1 is not expressed in
VSMCs, but can be induced by injury and inflammatory
cytokines.15 Overexpression of AIF-1in VSMCs leads to
increased proliferation and migration, and expression of
AIF-1 in cardiac allografts is associated with the severity
of CAV.16–18

The function of AIF-1 in T lymphocytes has not been
reported, nor have the functional consequences of lym-
phocyte expression on local VSMC pathophysiology
been explored. In this study we determine that AIF-1 is
expressed in infiltrating T lymphocytes in human coro-
nary arteries with CAV as well as in cytokine-activated
cultured lymphocytes. The purpose of this study is to
determine the functional significance of AIF-1 expression
in lymphocytes, and determine how this expression might
impact development of CAV. In this article, we describe
AIF-1 expression in CD3-positive lymphocytes in human
coronary arteries with CAV, and characterize the effects
of AIF-1 overexpression on T-lymphocyte migration and
proliferation. We also determine the effects of AIF-1-acti-
vated lymphocytes on human VSMC function.

Materials and Methods

Immunohistochemistry

Coronary arteries from transplanted hearts with CAV were
used in this study. All tissue procurement protocols were
approved by the Institutional Review Board for Human
Studies at Temple University. Tissue sections were fixed
in 10% buffered formalin, embedded in paraffin, sec-
tioned at 5 �m, deparaffinized in xylene, and rehydrated
through graded alcohols. Endogenous peroxidase activ-
ity was blocked with 1.5% hydrogen peroxide in methanol
for 15 minutes. After blocking with normal serum, sec-
tions were incubated with primary antibodies for 1 hour at

room temperature. Antibody for CD3 (T-lymphocyte
marker) was used at a concentration of 2 �g/ml. AIF-1
antibody, which has been previously described, was
used at 1.0 �g/ml.18 Sections were then incubated with
biotinylated secondary antibody (1:200) followed by avi-
din-biotin-peroxidase complex in the Vectastain Elite kit
(both from Vector Laboratories, Burlingame, CA). The
reaction product was visualized using 3,3�-diaminoben-
zidine (Vector Laboratories) as the chromogenic sub-
strate, producing a reddish-brown stain. The sections
were counterstained with hematoxylin.

Cells and Culture

Primary human coronary VSMCs were obtained as cryo-
preserved secondary culture from Cascade Corp. (Port-
land, OR) and subcultured as described.17 Cells from
passage 3 to 6 were used in the described studies. All
cytokines and phytohemagglutinin A (PHA) were pur-
chased from Sigma (St. Louis, MO). MOLT-4 cells were
purchased from American Type Culture Collection (Rock-
ville, MD) and cultured in RPMI medium supplemented
with 10% fetal calf serum. Human peripheral blood mono-
nuclear cells (PBMCs) were obtained from healthy human
donors by venipuncture, isolated by Ficoll-Hypaque gra-
dient centrifugation, and cultured as for MOLT-4 cells.

Retroviral Stable Transduction and Proliferation
Assay

AIF-1 retrovirus (AIF-1RV) was constructed using a kit
from Clontech (La Jolla, CA) according to the manufac-
turer’s instructions as previously described.17 Briefly, the
protein-coding region of the AIF-1 cDNA was inserted
into the retroviral packaging vector pLXSN containing the
gentimycin resistance gene. For some samples, cDNA
coding for the 9-amino acid hemagglutinin antigen (HA)
tag was inserted 3� to the AIF-1 sequence. This was
transfected into an ectotropic 293-derived packaging cell
line.19 Media was then collected from these cells and
used to infect an amphitropic second packaging cell line,
PT-67, according to the manufacturer’s instructions. This
supernatant containing recombinant high-titer virus was
then used to infect MOLT-4 cells in two 4-hour exposures
of viral supernatant in the presence of 8 �g/ml of Poly-
brene (�40 to 50% stable transduction was achieved).
Stably transduced G418-resistant cells were pooled from
each transduction rather than individual clones to avoid
the effects of clonal variation. For proliferation assays,
equal numbers of stable transfectants were seeded onto
12-well plates at a density of 7500 cells/ml. Medium was
changed on the 4th day, and after 1, 4, and 7 days,
viable, trypan blue-excluding cells were counted using a
standard hemocytometer. Statistical analyses from at
least three independent experiments were performed by
paired sample t-test.
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Migration and Chemotaxis

For analysis of chemotaxis, 6.5-mm diameter transwell
Boyden chamber plates (Costar, Cambridge, MA) with
8-�m polycarbonate membrane pore size were seeded
with stably transduced MOLT-4 cells (50,000 cells per
membrane) in 600 �l of medium containing 0.5% fetal
calf serum as described.20 Sixty �l of fetal calf serum was
placed in the lower chamber and cells were incubated for
the indicated times at 37°C, at which time cells in the
lower chamber were recovered and counted in a hemo-
cytometer. Experiments were performed in triplicate from
three independently derived stably transduced groups of
MOLT-4 cells.

Western Blotting

MOLT-4 cell extracts were prepared and sodium dodecyl
sulfate (SDS)-polyacrylamide gel electrophoresis (PAGE)
and protein transfer were performed as described.2

Membranes were incubated with a 1:2000 dilution of
AIF-1 primary antibody, and a 1:2000 dilution of second-
ary antibody. Equal protein concentrations of cell extracts
were determined by Bradford assay and equal loading
on gels were verified by Ponceau S staining of the mem-
brane. Reactive proteins were visualized using enhanced
chemiluminescence.

Actin Interaction and Polymerization

The AIF-1 protein-coding region was cloned into the
pGEX vector and expressed in Escherichia coli as a glu-
tathione S-transferase (GST) fusion protein according to
the manufacturer’s protocol (Pharmacia, Inc., Uppsala,
Sweden). The affinity pull-down and actin polymerization
assays were performed as described.15 Briefly, extracts
from MOLT-4 cells were first precleared with GST Sepha-
rose beads, and then incubated with GST Sepharose
beads (lane 3), or with AIF-1/GST Sepharose beads (lane
4). Pellets were washed and interacting proteins sepa-
rated by SDS-PAGE and identified by Western blot with
anti-actin antibody. In vitro nonmuscle actin polymeriza-
tion was determined by differential centrifugation in a kit
purchased from Cytoskeleton, Inc. (Denver, CO), accord-
ing to the manufacturer’s instructions. Briefly, 23 �mol/L
of AIF-1 and nonmuscle actin were incubated together for
30 minutes in F-actin buffer containing ATP and Ca2�,

then centrifuged at 8000 � g, the speed at which only
cross-linked actin will pellet. Protein in the pellets and
supernatants were analyzed by SDS-PAGE, Coomassie
staining, and densitometry using NIH Image software.

Results

AIF-1 Is Expressed in CD3-Positive
Lymphocytes

Several different cell types are involved in the pathogen-
esis and progression of CAV.1 Because AIF-1 expression

has been linked to the development and severity of CAV,
it was important to determine which cell populations
expressed this protein. AIF-1 expression in activated
VSMCs and monocytes has been previously reported. In
this study, immunohistochemical analysis of human cor-
onary arteries with CAV determined AIF-1 expression in
CD3-positive lymphocytes (Figure 1A). Expression of
AIF-1 in human lymphocytes has not been described,
and subsequent experiments were designed to charac-
terize this expression and its functional implications in
T-lymphocyte pathophysiological processes.

AIF-1 Is Differentially Expressed by Cytokine
Stimulation

Differential cytokine induction of AIF-1 has been de-
scribed in monocytes and VSMCs.11,15 To determine
whether AIF-1 expression could be modulated by cyto-
kines in lymphocytes, we challenged normal, human PB-
MCs and the human T-lymphoblastoid cell line MOLT-4 to
various cytokines, and examined AIF-1 expression by
Western blot. Several similarities in sensitivity to stimuli
and degree of AIF-1 expression by these stimuli were
noted between these cells. Figure 2 shows a constitutive
expression of AIF-1 in both unstimulated PMBCs and
MOLT-4 cells. T-lymphocyte-conditioned medium and
PHA elicited the strongest induction of AIF-1 expression,
with mean increases of 4.4- and 4.8-fold for conditioned
medium, and 3.8- and 4.1-fold for PHA, in PBMCs and
MOLT-4 cells, respectively. It is interesting to note that
AIF-1 expression paralleled proliferation of these cells, as
both of these stimuli induced proliferating cell nuclear
antigen to the greatest degree. Although both of these
cell populations express AIF-1 and displayed a similar
response to stimuli, MOLT-4 cells were used as a surro-
gate to further characterize the role of AIF-1 expression in
T-lymphocyte activation because they are a homogenous
cell population and responses to stimuli would not vary
from experiment to experiment, and more importantly,
because they are immortalized, which facilitates stable
transduction for long-term functional studies.

AIF-1 Expression Enhances T-Lymphocyte
Proliferation

To characterize the functional effects of AIF-1 expression
in lymphocytes, we overexpressed AIF-1 by retroviral
(RV) gene transduction in MOLT-4 cells and examined
various parameters of T-lymphocyte activation including
proliferation and migration. MOLT-4 cells were trans-
duced with AIF-1 RV containing the protein-coding region
of AIF-1 cDNA (AIF-1-RV) tagged with the hemagglutinin
epitope (HA) or with vector alone (empty RV), and stable
transductants were selected with antibiotic and pooled.
Constitutive and retroviral delivered AIF-1 protein expres-
sion was verified by Western blot (Figure 3A). To examine
effects on proliferation, equal numbers of stable trans-
ductants were seeded into 12-well plates, and after 1, 4,
and 7 days, viable, trypan blue-excluding cells were
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trypsinized and counted. Figure 3B shows that MOLT-4
cells that constitutively overexpress AIF-1 demonstrate a
mean 238% increase in proliferation compared with con-
trol cells (4.3 � 105 versus 1.2 � 105, for AIF-1 and empty
vector, respectively) (P � 0.001). Table 1 demonstrates
the population doubling times for four separate experi-
ments that were calculated and overall, AIF-1-expressing
MOLT-4 cells have a 41% decrease in doubling time
(47.8 � 4.3 hours for empty vector, and 28.2 � 0.8 hours
for AIF-1, respectively). These differences are not due to
an increase in viability of AIF-1-expressing cells because
both control and AIF-1-overexpressing cells had less
than 5% trypan blue-positive cells. Together, these re-
sults indicate that increased expression of AIF-1 leads to
increased proliferation of MOLT-4 cells.

AIF-1 Interacts with and Polymerizes
Nonmuscle Actin

In human VSMCs, we previously found AIF-1 to interact
with and polymerize F-actin, and we hypothesized that
AIF-1 would have the same effects in lymphocytes.17

Protein extracts from MOLT-4 cells were precleared with
GST protein, then incubated with an affinity resin consist-
ing of a recombinant AIF-1-GST fusion protein coupled to
glutathione Sepharose beads or GST Sepharose beads

Figure 1. Immunohistochemical analysis of AIF-1 expression in a human coronary artery. A to D: Sections from a human artery with transplant arteriopathy. A:
Expression of AIF-1 in red-staining cells; B: CD3-positive cells are in green; C: merged images showing co-expression of AIF-1- and CD3-positive cells. Arrows
depict examples of co-staining. D: Negative control consisting of secondary antibody only.

Figure 2. Expression of AIF-1 protein in activated human lymphocytes.
Human PBMCs and the human T-myeloblast cell line, MOLT-4, were serum-
starved for 48 hours, and protein from 1) serum-starved, and cells treated for
40 hours with 2) 15% fetal calf serum; 3) T-cell conditioned media; 4) PHA;
5) transforming growth factor-�; and 6) tumor necrosis factor-�. Extracts
from these cells were subjected to Western blot with anti-AIF-1, proliferating
cell nuclear antigen, CD3, and GAPDH antibody. Bands were quantitated by
densitometry, and normalized to GAPDH. Blot shown is representative of
three performed from different groups of PMBC and MOLT-4 cells. Bar graph
indicates percent expression above unstimulated cells for three groups of
experiments.
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as a negative control. The beads were washed, interact-
ing proteins were separated by SDS-PAGE, and actin
interaction identified by Western blot (Figure 4A). To ver-
ify this interaction and determine the effect of AIF-1 on
actin dynamics, purified nonmuscle cell F-actin was in-
cubated with recombinant AIF-1 protein, and after incu-
bation, F-actin was pelleted at low speed (8000 � g),
which allows pelleting only of heavy, cross-linked F-actin.

Controls for this experiment included �-actinin, a known
actin crosslinking protein, and bovine serum albumin,
which does not interact with or crosslink actin.21 This
experiment demonstrates that the majority of actin was
recovered in the pellet, along with a portion of interacting
AIF-1 (Figure 4B). Overall, these data indicate that AIF-1
binds to and has a polymerizing effect on nonmuscle
actin.

AIF-1 Expression Enhances Lymphocyte
Migration

Because cytoskeletal rearrangement and actin polymer-
ization are involved in cell motility, we examined the
possibility that migration of MOLT-4 cells would be al-
tered by AIF-1 overexpression. Figure 5 demonstrates
that AIF-1-overexpressing MOLT-4 cells migrate 381%
and 315% more rapidly at 4 and 10 hours, respectively,
than do empty vector control cells (P � 0.05 and 0.01).
This is consistent with previous studies showing VSMCs
that overexpress AIF-1 migrate more rapidly in response
to platelet-derived growth factor.17

Figure 3. AIF-1 mediated proliferation of MOLT-4 cells. A: Stable expression
of AIF-1 protein in MOLT-4 cells. The human T-myeloblast cell line, MOLT-4,
was transduced with retrovirus containing AIF-1 tagged with the hemagglu-
tinin (HA) or empty vector retrovirus, and selected with antibiotic. Resistant
populations were pooled and subjected to Western blot with anti-AIF-1 to
determine endogenously expressed, or HA tag antibody to identify virally
transduced AIF-1. CD3 antibody was used as a loading control. Blot shown
is representative of three performed from different groups of stably trans-
duced MOLT-4 cells. B: Overexpression of AIF-1 results in enhanced MOLT-4
proliferation. Equal numbers of pooled MOLT-4 cells stably transduced with
AIF-1 retrovirus or empty vector were seeded into 12-well plates and grown
in growth medium. After 1, 4, and 7 days, viable trypan blue-excluding cells
were harvested and counted in triplicate. Viability was greater than 95% for
both empty vector and AIF-1-transduced cells. Numbers on the y-axis indi-
cate cells per well. Values are means of three independent transfections with
similar results (P � 0.001). Error bars are SEM from three independent
transfections each performed in triplicate.

Table 1. Calculated Doubling Times of Stably Transduced
MOLT-4 Cells

Experiment 1 2 3 4 Mean� SD

Empty vector 49.7 43.6 43.9 54.1 47.8 � 4.3
AIF-1 27.0 28.8 28.0 29.1 28.2 � 0.8

Equal numbers of pooled, stably transduced MOLT-4 were seeded
into 12-well plates. Media was changed on the 4th day, and after 1, 4,
and 7 days, cells were trypsinized and counted using a standard
hemocytometer. Doubling times were calculated as described in
Materials and Methods.

Figure 4. AIF-1 interacts with and polymerizes nonmuscle actin. A: Extracts
from MOLT-4 cells were incubated overnight with recombinant AIF-1/GST
fusion protein. Beads were washed, boiled, and interacting proteins were
separated by SDS-PAGE. Actin was identified by Western blotting with
anti-pan actin antibody. B: AIF-1 polymerization of nonmuscle actin. Non-
muscle F-actin was incubated with 23 �g of recombinant AIF-1 protein;
bovine serum albumin (BSA), which does not bind actin; and �-actinin, an
actin polymerizing protein (included in the kit and were used as negative and
positive controls, respectively) for 30 minutes, and then centrifuged at
8000 � g. Supernatant (s) and pellets (p) were collected and proteins
separated by SDS-PAGE and identified by Coomassie blue staining. Presence
of actin in the pellet indicates polymerization.
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Conditioned Media from AIF-1-Expressing
Lymphocytes Can Influence VSMC Proliferation

Activated immune cells secrete many soluble factors that
are known to affect VSMC phenotype and growth.22,23

We hypothesized that MOLT-4 cells that overexpress
AIF-1 would also effect VSMC activation to a greater
degree than empty vector control cells. For these exper-
iments, conditioned media from stably transduced
MOLT-4 cells was added to primary human VSMCs, and
VSMCs counted after 4 and 7 days. Because the culture
media from MOLT-4 cells contains 10% fetal calf serum,
we would expect conditioned media from both empty
vector and AIF-1-transduced cells to be proliferative to a
degree. However, Figure 6 shows that primary human
VSMCs cultured in conditioned media from AIF-1-trans-
duced MOLT-4 cells proliferated 99% more rapidly (3.8 �
104 versus 1.9 �� 104) than VSMCs cultured in condi-

tioned media from empty vector transduced MOLT-4
cells (P � 0.001).

Discussion

Cellular rejection and cardiac allograft vasculopathy
(CAV) are significant causes of morbidity and mortality in
patients after cardiac transplantation. Both allograft re-
jection and CAV are dynamic and multifactorial pro-
cesses involving several different cell types in intimate
proximity, including immune, vascular, and cardiac myo-
cytes. There is extensive literature on the role of T lym-
phocytes in this process. T lymphocytes infiltrate allo-
grafts and are abundant in human arteries with CAV.1–4

In well-controlled animal studies, it was found that in-
creasing the frequency of donor-reactive T cells acceler-
ated the pace and severity of transplant vasculopathy.7

In rat cardiac allografts, the earliest and most robustly
expressed genes are T-cell activation genes, in contrast
to macrophage activation genes, suggesting that the
initial T-cell activation is required for development of
transplant vasculopathy.24 Nevertheless, the molecular
mediators of T-lymphocyte activation have yet to be well
defined. We have previously reported that AIF-1 is ex-
pressed in macrophages and activated VSMCs in coro-
nary arteries with CAV, and persistent expression of AIF-1
in the cardiac allograft is associated with development of
CAV.18 Although several investigators have shown a re-
lationship between AIF-1 expression and monocyte/mac-
rophage activation, very little has been reported on AIF-1
expression and function in T lymphocytes.

Co-staining of arterial sections from patients with CAV
using AIF-1 and CD3 antibodies identified AIF-1 expres-
sion in T lymphocytes. We have determined that AIF-1
plays an important part of VSMC activation.15–17 Because
immune cells in these vessels are in an activated state,
we hypothesized that AIF-1 expression would play a role
in activation of T cells as well. A basal level of AIF-1
protein is detectable in unstimulated PBMCs and MOLT-4
cells. Both of these cell populations respond to strongly
proliferative stimuli such as T-cell conditioned media and
PHA in a very similar manner. AIF-1 expression is not
strongly induced by less proliferative factors such as
transforming growth factor-� and tumor necrosis factor-�,
and provided the impetus to explore the role of AIF-1 in
cell proliferation.

Cell migration requires actin polymerization at the
leading edge of the cell, and continuous remodeling of
actin at the cell periphery is necessary to drive cell loco-
motion. AIF-1 interaction with and polymerization of non-
muscle actin prompted us to determine whether AIF-1
overexpression promoted MOLT-4 cell migration. Similar
to what we previously reported in human VSMCs, over-
expression of AIF-1 increases MOLT-4 cell migration in
response to fetal calf serum. The increase in AIF-1 ex-
pression in stimulated cells also led us to investigate if
AIF-1 expression would influence T-lymphocyte prolifer-
ation. Compared to empty vector controls, overexpres-
sion of AIF-1 in MOLT-4 cells also increased their prolif-
eration. This is the first determination of a mechanistic

Figure 5. AIF-1 expression enhances lymphocyte chemotaxis. Stably trans-
duced MOLT-4 cells were seeded onto Boyden chamber membranes and
exposed to 10% fetal calf serum for the times indicated. MOLT-4 cells that
traversed the membrane into the lower chamber were collected and counted.
Values are means from experiments performed in triplicate from three inde-
pendent, retrovirally-transduced groups of MOLT-4 cells (*P � 0.05, **P �
0.01).

Figure 6. Conditioned media from AIF-1-transduced lymphocytes enhances
VSMC proliferation. Primary human VSMCs were seeded into 12-well plates.
The next day the media was replaced with conditioned media from MOLT-4
cells stably transduced with empty vector or AIF-1. After 4 and 7 days, cells
were harvested and counted in triplicate. Numbers on the y-axis indicate cells
per well. Values are means from experiments performed in triplicate from
supernatant from three independent retrovirally-transduced groups of
MOLT-4 cells (P � 0.001).
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role for AIF-1 in lymphocyte activation and pathophysiol-
ogy. When taken together with previous work indicating
an important role for AIF-1 in VSMC activation, this also
points to AIF-1 as a potential therapeutic target to limit
development of CAV.

Early events in allograft recognition are primarily in-
flammatory in nature and are initiated by T lymphocytes
and macrophages that secrete various cytokines and
growth factors seminal to the local inflammatory re-
sponse. Despite immunosuppressive therapy, persistent
immune cell infiltration and chronic vascular inflammation
results in endothelial cell damage and low levels of VSMC
activation even in the absence of rejection. Progression
of CAV in this way is often refereed to as smoldering
rejection, and is likely the result of soluble factors re-
leased from primed lymphocytes that stimulate medial
VSMCs. Indeed, it has been demonstrated that infiltration
of the artery wall by T lymphocytes induces a change in
VSMC phenotype, which is mediated by inflammatory,
mitogenic, and proliferative factors.23,25,26 Further, the
immediate VSMC response to injury is initiated by multi-
ple immune cell factors, and soluble factors from
activated lymphocytes stimulate VSMC prolifera-
tion,22,23,25,26 which prompted us to determine whether
conditioned medium from AIF-1-overexpressing T cells
could influence VSMC growth. In this study, conditioned
media from AIF-1-overexpressing MOLT-4 cells signifi-
cantly increased VSMC proliferation compared with con-
trol cells. Considering that AIF-1 expression increases
MOLT-4 activation, and soluble products from activated T
cells are known to stimulate VSMC proliferation, we can
conclude that the amount or possibly differences in the
repertoire of cytokines produced by AIF-1-expressing
MOLT-4 cells are responsible for the increased effects on
VSMC proliferation. Identification and quantification of
those cytokines induced by AIF-1 expression will be im-
portant to determine the precise mechanism by which
AIF-1-mediated T-cell activation can induce VSMC pro-
liferation. Other investigators have found that overexpres-
sion of AIF-1 leads to induction of cytokine expression.
Watano and colleagues27 found that transfection of AIF-1
into a mouse macrophage cell line results in production
of interleukin-6, -10, and -12 in response to lipopolysac-
charide stimulation. Further, an AIF-1 transgenic mouse
has been produced in which expression is restricted to
lymphoid tissue.28 The investigators observed an exac-
erbation of experimental inflammatory colitis in those
mice, with an augmentation of inflammatory cytokines.
Although a mechanism was not elucidated, it is clear from
both of these studies that AIF-1 expression influences
lymphocyte activation.

We have shown that VSMCs normally do not express
AIF-1, but incubation of cultured VSMCs with T-cell-con-
ditioned medium induces AIF-1 expression.15 We have
also previously determined that expression of AIF-1 in-
creases VSMC activation, and that persistent expression
of AIF-1 in the cardiac allograft is associated with devel-
opment of CAV.16,17 Consequently, this experiment may
represent an ex vivo surrogate whereby AIF-1 expression

in injured arterial VSMCs is induced by activated lympho-
cytes, and how AIF-1 expression in VSMCs contributes to
progression of restenosis.

In this study, we identify AIF-1 expression in T lympho-
cytes in human coronary arteries with CAV. We determine
that AIF-1 expression increases when T lymphocytes are
activated, and that overexpression of AIF-1 increases
lymphocyte migration and proliferation, both hallmarks of
activated lymphocytes, and part of the pathogenesis of
CAV. This study also demonstrates that conditioned me-
dia from AIF-1-activated lymphocytes can also promote
VSMC proliferation. What emerges from these studies is
that AIF-1 expression in activated lymphocytes may have
important ramifications for activation of arterial VSMCs
and progression of vascular proliferative diseases, in-
cluding CAV.
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