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Abstract
Arteriosclerosis is characterized by the local activation of effector T cells leading to production of
pro-inflammatory cytokines, such as IFN (interferon)-γ and IL-17, within the vessel wall.
Conversely, the production of anti-inflammatory cytokines, e.g. TGF-β, by regulatory
lymphocytes is known to inhibit both the differentiation of naïve T cells into effector T cells and
the development of arteriosclerosis in murine models. We investigated the role of TGF-β on the
alloreactivity of human effector memory T cells (Tem). Quiescent vascular cells, but not Tem,
expressed TGF-β. Blockade of TGF-β activity in co-cultures of CD4+ Tem with allogeneic
endothelial cells significantly increased IFN-γ, but not IL-17, secretion. Additionally, serologic
neutralization of TGF-β in immunodeficient mouse hosts of human coronary artery grafts into
which allogeneic human T cells were adoptively transferred resulted in heavier medial infiltration
by Tem, greater loss of medial smooth muscle cells, and increased IFN-γ production within the
grafts without significantly reducing either intimal injury or IL-17 production. Protective effects of
TGF-β may be limited by fewer TGF-β-expressing vascular cells within the intimal compartment,
by a reduction in the expression of TGF-β by vascular cells in rejecting grafts, or possibly to less
effective suppression of Tem than naïve T cells.
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INTRODUCTION
Coronary arteriosclerosis of native and transplanted hearts is characterized by leukocytic
infiltrates within the intima and adventitia, activation of immune responses, and the
production of IFN (interferon)-γ (1, 2). The vessel media, comprised of densely arranged
smooth muscle cells (SMC), is generally resistant to T cell infiltration. In addition to
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activating and recruiting more leukocytes, in part by pro-immunogenic actions on
endothelial cells (EC), IFN-γ also has direct pro-arteriosclerotic effects on SMC by inducing
their proliferation, most evident within the intima (3). IFN-γ is largely produced by Th1
cells, a subgroup of CD4+ lymphocytes that differentiate from naïve precursors under
control of the transcription factor, T-bet (4). Other effector T cell populations develop under
the control of different transcription factors, such as GATA-3-dependent Th2 cell
differentiation that produce IL-4 and IL-5 or RORC-dependent Th17 cell differentiation that
produce IL-17. These alternative effector cytokines may also exacerbate the arteriosclerotic
process (5, 6). In contrast, a subset of regulatory T cells, marked by expression of the Foxp3
transcription factor, may produce anti-inflammatory cytokines, e.g. TGF-β and IL-10, which
inhibit the development of arteriosclerosis in murine models (7-9).

TGF-β has long been known to inhibit the proliferation and activation of T cells (10) and
more recently has been recognized as playing an essential role, together with IL-6 or certain
other pro-inflammatory cytokines, in the differentiation of Th17 cells (11). However, the
latter effect may be an indirect phenomenon as TGF-β primarily inhibits the differentiation
of naïve CD4+ T cells into Th1 cells and consequently reduces the production of IFN-γ, an
anti-Th17 factor (12, 13). While most rodent models of graft rejection involve the activation
and differentiation of naïve T cells, human graft rejection may be dominated by the response
of memory T cells. This is because in adult humans, at least half of the T cells in the
circulation have previously undergone activation, differentiation, and commitment to
polarized cytokine production, most likely in response to infections, and are long-lived T
memory cells (14). Furthermore, memory cells, like naïve cells that are specific for
microbial antigens, have a high frequency of cross reaction to allogeneic cells (15). A subset
of these circulating memory T cells, termed effector memory T cells (Tem), lack the CCR7
chemokine receptor required for recirculation to lymph nodes and instead express alternative
receptors that allow efficient homing to inflamed peripheral tissues where Tem rapidly
activate their effector functions. Tem are likely the predominant source of effector T cells
present within arteriosclerotic vessels. To date, direct effects of TGF-β on activation of Tem
have not been well studied.

A challenge to investigations of TGF-β function is that its production and processing are
complex. There are three types of TGF-β, viz. -β1, -β2, and -β3, that are produced by and act
on a broad range of cell lineages, including leukocytes and vascular cells (16, 17). TGF-β,
synthesized as a biologically inactive precursor, is processed into a smaller C-terminal
peptide (constituting mature or active TGF-β) that is non-covalently bound to the larger N-
terminal precursor remnant (referred to as latency-associated peptide or LAP). Binding to
LAP masks the exposure of receptor-interacting determinants of the mature protein and thus
maintains TGF-β in a latent form (16). The shielding of active TGF-β epitopes by LAP also
prevents many antibodies raised against the mature cytokine from binding to latent TGF-β.
In contrast, antibodies to LAP are generally reactive with the latent TGF-β complex.
Activation of latent cytokine requires conformational changes or proteolysis of LAP induced
by TGF-β activators to release the mature protein (16). Active TGF-β binds to type I and II
TGF-β receptors and elicits diverse responses, typically with cell type- and context-
dependent effects, that play important roles in physiological and pathological processes (17,
18). However, the effects of TGF-β on human immune-mediated vascular remodeling have
not been previously described. We tested the hypothesis that TGF-β expression within the
vessel wall serves to inhibit arteriosclerosis mediated by alloreactive Tem.
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MATERIALS AND METHODS
Arteries and Cells

Human research protocols were approved by the review boards of Yale University and the
New England Organ Bank. Coronary arteries were obtained from explanted hearts of
transplant recipients and donors. EC were isolated from umbilical cord veins, serially
cultured, and used after 2-3 passages. Peripheral blood mononuclear cells (PBMC) were
obtained by leukapheresis of healthy adult donors. T cell-EC co-cultures were performed as
previously described (19, 20) and methodological details are provided as Supporting
Information.

Artery Transplantation
Procedures were performed according to protocols approved by the Institutional Animal
Care and Use Committee of Yale University. Size-matched segments of human coronary
arteries were interposed into the infrarenal aortae of 8-12 wk, female severe combined
immunodeficient (SCID)/beige mice (Taconic, Germantown, NY) using an end-to-end
microsurgical anastomotic technique. The recipients of adjacent human artery segments
were paired as matched experimental vs. control animals, 4-8 mice were grafted from each
donor, and data from multiple donors were pooled to generate sufficient numbers for
analysis. Where indicated, the hosts received an adoptive transfer of human PBMC
(allogeneic to the artery graft). Certain recipients were treated with neutralizing antibody to
all forms of TGF-β (cat. #AB-100-NA, R&D Systems, Minneapolis, MN) or non-
immunized rabbit IgG (cat. #AB-105-C, R&D Systems).

Cell and Graft Analyses
Protein and mRNA expression were determined as previously described (20, 21) and details
of the assays are provided as Supporting Information.

Statistical Analysis
Data were analyzed using Prism 4 software (GraphPad, San Diego, CA). Comparisons
between two groups were by t test and between more than two groups were by ANOVA. All
P values were two-tailed and values <0.05 were considered to indicate statistical
significance.

RESULTS
TGF-β inhibits IFN-γ production by alloreactive CD4+ Tem in vitro

To investigate the effects of TGF-β on the activation of memory T cells, we used a cell co-
culture model in which human CD4+ Tem are activated by allogeneic EC that have been
pretreated with IFN-γ to re-induce the expression of MHC class II molecules that are down-
regulated in vitro (19). The surface expression of TGF-β, as indicated by LAP
immunoreactivity, was far greater on EC than on CD4+ Tem when cultured alone and
remained unchanged in co-culture at 24 hr (Fig. 1A), a time point prior to EC cytolysis by
alloreactive T cells in this system (EC >90% annexin V−/7-AAD−). Similar results were
seen after cell permeabilization and with a polyclonal antibody that recognizes both latent
and free TGF-β (data not shown). In contrast, the expression of TGF-βRII, necessary for
responses to TGF-β, was equally detected on EC and CD4+ Tem when cultured alone and
increased on both cell types during co-culture (Fig. 1B).

We investigated longer term effects of alloresponses on TGF-β expression by placing
untreated EC across a semipermeable membrane from EC/CD4+ Tem co-cultures, a strategy
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that avoids EC death from contact-dependent cytolytic effector molecules. Some of the EC
in the upper chamber show evidence of immune activation as indicated by induction of
HLA-DR expression, most likely in response to IFN-γ produced by alloactivated CD4+ Tem
in the lower chamber. After 3 d, LAP expression decreased in a subpopulation of these
immune-activated EC (Fig. 1C). LAP expression was further diminished on EC within
transwell inserts at 7 d, but was not detectable on CD4+ Tem in co-culture at this stage when
distinct alloreactive T cell populations have expanded and can be distinguished by
proliferation markers (data not shown).

We next investigated if EC synthesis of TGF-β has an effect on Tem activation. To do so,
we measured the levels of signature cytokines for several T cell lineages by ELISA at 24 h
of EC/Tem co-culture, a time point that precedes detectable T cell proliferation in this
system (19). Neutralization of TGF-β activity with blocking antibodies during co-culture
increased the secretion of IFN-γ and IL-5, but not IL-10 or IL-17 (Fig. 1D). The increased
production of IFN-γ by individual cells was confirmed by intracellular cytokine staining
(Fig. 1E). Although human SMC also express LAP, we did not investigate the role of TGF-β
in SMC/Tem co-cultures since SMC do not activate T cell alloresponses as they lack
essential costimulator molecules required to act as APC (20). These results obtained in vitro
indicate that TGF-β inhibits the activation of IFN-γ-producing, but not IL-17-producing,
alloreactive CD4+ Tem by EC, a significant extension of its known regulatory role in naïve
T cell differentiation. They also predict that this effect may be transient because activated
Tem produce soluble mediators that diminish the expression of TGF-β by EC.

Neutralization of TGF-β in humanized mice
To determine if the effects of TGF-β on Tem alloresponses are of relevance in vivo, we used
an experimental model of human coronary artery rejection by allogeneic human memory
CD45RO+ T cells in immunodeficient mouse hosts (21). Human naïve CD45RA+ T cells do
not circulate in these animals after adoptive transfer of PBMC (22). Moreover, these animals
lack functional lymph nodes where human naïve or central memory cells can be activated
and rejection of allogeneic skin grafts has been shown to be mediated solely by recruitment
and activation of Tem (19). We initially established that SCID/beige mice possessed
circulating TGF-β (mouse cytokine is cross-reactive with human receptors) whose plasma
levels were not modulated by human coronary artery grafts or adoptive transfer of human
PBMC (Fig. S1A). Subcutaneous injection of a neutralizing polyclonal antibody to TGF-β at
250 μg, a dose previously shown to be effective for this particular antibody in a murine
aortic aneurysm model (23), decreased plasma concentrations of cytokine within 6 hr and
this effect persisted up to 96 hr (Fig. S1B). We therefore administered this dose of TGF-β
antibody 3x per wk to SCID/beige mouse recipients of human coronary artery grafts starting
the day before the adoptive transfer of human PBMC at 1 wk post-op and continuing to 5 wk
post-op (Fig. S1C). Treatment with TGF-β antibody vs. IgG administration did not modulate
the frequency of circulating human CD3+ T cells to mouse CD45+ leukocytes in SCID/beige
mice at 2 wk (5.3±1.9% vs. 4.0±1.2%, respectively; P=0.5580; unpaired t test) and 4 wk
(8.0±3.7% vs. 6.4±3.0%, respectively; P=0.7403; unpaired t test) after PBMC inoculation.
TGF-β neutralization did result in a trend to higher plasma levels of human IFN-γ and
significantly lower plasma levels of TGF-β (Fig. S1D). In the absence of allogeneic PBMC,
anti-TGF-β treatment did not detectably alter the morphology or cellular composition of
non-rejecting human artery grafts (Fig. S2A-E). These observations confirmed the efficacy
and minimized possible confounding effects of TGF-β neutralization in our humanized
mouse model.
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TGF-β inhibits medial infiltration and SMC loss in rejecting human artery grafts
We next examined the effects of neutralizing TGF-β on the allogeneic Tem response to graft
arteries. Contrary to expectation, administration of TGF-β antibodies for 4 wk to artery-
grafted animals reconstituted with allogeneic human PBMC at 1 wk post-op did not affect
intimal expansion or outward remodeling of rejecting coronary arteries (Fig. 2A, B). Further
analysis by immunofluorescence microscopy showed decreased LAP expression by vascular
cells in rejecting grafts compared to the basal expression in non-rejecting grafts (Fig. 2C).
This finding implies that infiltrating T cells reduced endogenous TGF-β production by
vascular cells and may explain why neutralizing this cytokine did not augment the intimal
response. The number of luminal EC was unaffected by anti-TGF-β treatment (Fig. 2D).
However, serological neutralization of TGF-β was not without effect; there were
significantly fewer medial SMC in rejecting grafts compared to arteries from mice that did
not receive PBMC and the loss of SMC was augmented by anti-TGF-β treatment (Fig. 2E).
Medial loss of SMC was associated with significantly increased medial, but not intimal,
infiltration by allogeneic CD45RO+ T cells (Fig. 2F, G). The effects of antibody
neutralization differed in magnitude among different PBMC donors and did not appear to
correlate with the efficiency with which T cells were adoptively transferred to the circulation
of the recipient animal in that varying the size of the donor inoculum which altered the
number of T cells in the mouse circulation, did not influence the effect of antibody
treatment.

TGF-β inhibits IFN-γ production in rejecting human artery grafts
We further analyzed the artery grafts at 5 wk post-op (or 4 wk after adoptive transfer of
PBMC) by quantitative RT-PCR. In parallel with changes in LAP protein expression, TGF-β
transcripts were decreased in arteries from PBMC-reconstituted mice (Fig. 3A). This
decrease was even more profound in animals treated with anti-TGF-β antibody. The
expression of CD31, smooth muscle α-actin, and CD3ε cell lineage markers suggested a loss
of EC and SMC and an accumulation of T cells in rejecting arteries, respectively (Fig. 3B).
The greater attrition of vascular cells correlated with the further diminished expression of
TGF-β. Other inflammatory factors produced by vascular cells in response to alloreactive T
cells were also examined. The presence of T cells increased IL-6 and IL-8 mRNA in all
rejecting arteries unaffected by antibody treatment, but IFN-γ-inducible IP-10 transcripts
were significantly higher in grafts from anti-TGF-β-treated subjects (Fig. 3C). Further
analysis of T cell cytokines and the transcription factors controlling their production
revealed that IFN-γ mRNA expression was also significantly increased in grafts subjected to
TGF-β neutralization (Fig. 4A). Changes in the expression of other cytokines and their
associated transcription factors did not reach statistical significance, although the abundance
of IL-4 and IL-17 mRNA was relatively low and their quantitation was less reliable (Fig. 4A,
B). T cell-derived cytokine transcripts were not detected in grafts from hosts that did not
receive human T cells (data not shown). Similar findings, including increased IFN-γ
transcripts in TGF-β antibody-treated reconstituted hosts, were seen earlier in rejection
responses when the artery grafts were analyzed at 3 wk post-op (or 2 wk after PBMC
inoculation) (Fig. 5). Additional analysis of the intra-graft cytokine transcript data pooled
from all the experiments confirmed that TGF-β neutralization significantly modulated the
expression of IFN-γ mRNA, but not that of IL-4, IL-10, or IL-17 (Table S1). Thus, the data
from several independent experimental groups based on multiple allogeneic combinations
involving 12 artery donors and 4 PBMC donors demonstrate that TGF-β selectively inhibits
IFN-γ production by alloreactive memory T cells in vivo.
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DISCUSSION
The present study, using human cells and tissues, reveals several new findings regarding the
role of TGF-β in the pathogenesis of arteriosclerosis. First, we observed that there is basal
expression of TGF-β by quiescent vascular cells and that this expression is diminished in
artery grafts as a consequence of alloimmune injury. Second, TGF-β prevents medial
infiltration and T cell-mediated loss of SMC without significantly affecting inflammation
and remodeling of other vascular compartments. Third, TGF-β inhibits IFN-γ production by
alloreactive CD4+ Tem cells in vitro and IFN-γ production by alloactivated memory T cells
in vivo.

The expression of TGF-β has been reported by the majority of previous studies as low in
non-diseased arteries and increased in vascular cells and infiltrating leukocytes after arterial
injury or inflammation (24-27). These observations supported the interpretation that TGF-β
was a pro-arteriosclerotic factor due to its pro-fibrotic properties. An alternative hypothesis
was subsequently proposed that TGF-β may play an anti-arteriosclerotic role (28). This latter
interpretation has been supported by serologic neutralization of TGF-β in hyperlipidemic
mice (29) and by genetic manipulations in mice in which a loss of TGF-β signaling in T
cells or a partial deficiency of TGF-β in leukocytes increased the extent of atherosclerosis
and graft arteriosclerosis (7-9). Furthermore, a few prior studies have reported a higher
expression of TGF-β by vascular cells of non-diseased than of diseased arteries in keeping
with a protective function of TGF-β that may diminish with disease progression (30-32).
Our results obtained by analyzing human cells and tissues in immunodeficient mouse hosts
demonstrate significant TGF-β expression by quiescent vascular cells of human coronary
arteries that decreases with arterial inflammation. Parallel changes in all three forms of
TGF-β transcripts suggest that the loss of TGF-β protein expression after immune-mediated
injury is due to decreased cytokine production rather than primary loss of sequestered
cytokine from the extracellular matrix. We also found that the surface expression of TGF-β
is decreased on immune-activated EC in vitro. Similarly, we found decreased expression of
TGF-β mRNA and protein in clinical specimens of atherosclerotic coronary arteries, in
cultured coronary arteries after procurement injury, and in activated SMC (S.K., A.H.L., ms.
submitted). The relative absence of TGF-β expression by leukocytes in our models may
reflect a bias towards analysis of memory Th1 cells rather than their regulatory counterparts.
For example, the adoptive transfer of human PBMC to SCID/beige mice results in exclusive
reconstitution by CD45RO+ memory T cells, whereas naïve T cells, B cells, NK cells, and
macrophages are not detected in the circulation (22). Suppressive cell-mediated activity in
this system has been reported only after reconstitution with large numbers of ex vivo-
expanded regulatory T cell populations (33). Even for in vitro settings, TGF-β production in
response to antigen recognition is not readily detectable unless particular regulatory T cell
populations are selected (34). Our results do not rule out TGF-β expression by rare T cell
subtypes or by T cell populations that are not adequately represented in our systems. The
source of circulating murine TGF-β1 in unreconstituted SCID/beige mice is independent of
T cells in these immunodeficient animals and likely derives from a broad range of non-
immune cells, such as vascular cells and hepatocytes (35).

The distribution of resident and infiltrating leukocytes in the arterial wall is uneven. In
clinical specimens of atherosclerosis and graft arteriosclerosis, the majority of inflammatory
cells accumulate within the intima and adventitia (36, 37). The relative sparing of the media
by immune responses is regarded as a sign of immune privilege (38). The mechanism for
medial immunoprivilege is speculated to result from mechanical barriers to leukocyte
trafficking provided by the elastic laminae delineating this vascular compartment. We have
also determined biological processes responsible for medial immunoprivilege, such as the
immunosuppressive effects of tryptophan depletion within the microenvironment resulting
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from the preferential expression of indoleamine 2,3-dioxygenase by SMC in response to T
cell-derived IFN-γ (39). Our current data demonstrate that the expression of TGF-β by SMC
provides an additional mechanism to suppress T cell responses within the media. Since
TGF-β expression by SMC decreases during allograft rejection, this cytokine may serve to
maintain medial immunoprivilege against resident leukocytes of quiescent arteries, whereas
the IFN-γ-inducible expression of indoleamine 2,3-dioxygenase may play a more prominent
role in medial immunoprivilege to infiltrating leukocytes of inflamed arteries. We are unsure
by which of multiple possible mechanisms TGF-β acts to reduce the accumulation of
alloreactive memory T cells within the arterial media, i.e. reduced recruitment, retention,
proliferation, or survival (10, 16). In our model of human artery graft rejection, the
expanded neointima is largely populated by infiltrating human T cells and there are few
SMC. The limited number and the activated status of SMC within the neointima may
account for the lack of significant protective effects of TGF-β within this compartment.
Although we show that cultured EC express TGF-β which partially suppress IFN-γ
production by alloreactive CD4+ Tem cells, these non-professional antigen presenting cells
also express numerous costimulatory molecules which enables activation of memory T cells
(19). In contrast, the absence of essential costimulatory molecules by SMC underlies their
inability to activate allogeneic T cells (20) and uncovers a dominant role on immune
responses by anti-inflammatory molecules expressed by this cell type. An important
consideration is that our humanized mouse system of allogeneic arterial injury occurs in the
absence of concomitant immunosuppression - a clinically relevant factor, and thus may more
mimic acute arteritis rather than chronic graft rejection.

We find that TGF-β inhibits the production of IFN-γ by isolated CD4+ Tem in vitro and by
CD45RO+ memory T cells in vivo. The levels of IFN-γ production varied between donors
and reflected differences in the degree of host reconstitution and graft infiltration by human
T cells, but may also be a function of variable degrees of HLA-mismatches between human
arteries and allogeneic T cells. It is unlikely that mouse cytokines play a role in our model.
Historically, we have repeatedly shown that mouse leukocytes do not infiltrate human
arteries in unreconstituted SCID/beige mice and that graft rejection is dependent on the
introduction of human T cells (21, 39). Variable numbers of mouse leukocytes may be non-
specifically recruited to rejecting human artery grafts in human PBMC-reconstituted hosts,
however the vast majority of the infiltrating cells are human CD45RO+ T cells and the
probes used to measure transcripts are specific for human sequences and do not detect
mouse homologues, including that for cytokines and housekeeping genes (40). Previous
studies in murine models of atherosclerosis and graft arteriosclerosis have shown that IFN-γ
production is inhibited by loss of TGF-β signaling (7-9), likely due to effects on the
differentiation of naïve T cells as laboratory mice, unlike humans, have few circulating
memory T cells. IL-17 production was not assessed in those studies as they predated the
concept of Th17 immune responses. More recent reports have determined that TGF-β
inhibits Th1 development by inhibition of critical transcription factors, such as T-bet, and
that loss of the anti-Th17 factor, IFN-γ enhances IL-17 production (12, 13). These
observations suggest that TGF-β exerts its primary effect on Th1 cells and is not directly
required for the generation of Th17 cells as previously thought (11). Our analyses in
humanized mice suggest that TGF-β can also modulate the cytokine polarization of memory
T cells without changes in T-bet expression. We find a trend to diminished IL-17 production
after TGF-β neutralization in vivo, but these changes were variable, perhaps due to relatively
low abundance levels, and did not reach statistical significance. The modest effects of TGF-
β on Th17 responses in our model are consistent with indirect regulation of IL-17 production
via IFN-γ (12, 13) or possibly suppression of only a subset of TGF-β-dependent, non-
pathogenic, IL-17-producing RORC+/T-bet− T cells (41). Interestingly, a loss of TGF-β
expression by vascular cells of inflamed arteries may explain our previous finding of the
selective expansion of dual IL-17/IFN-γ-producing vs. IL-17-producing CD4+ T cells within
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atherosclerotic coronary arteries compared to the circulation (6) by a TGF-β-independent
pathway required for the generation of this pathogenic Th17 cell subset (41).

In summary, our data support a protective role for TGF-β in human graft arteriosclerosis,
especially within the vessel media where SMC are most abundant. Although our serologic
neutralization strategy prevents definitive conclusions regarding the cell types producing or
responding to TGF-β, the results are strongly suggestive that human vascular cell expression
of TGF-β inhibits activation of Tem that are committed to Th1 cell effector functions.
Further proof of this hypothesis will require the testing of specific TGF-β antagonists in
suitable patient populations, such as those receiving immunotherapy for cancer.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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EC endothelial cell

IFN interferon
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SMC smooth muscle cell

Tem effector memory T cell
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Figure 1. TGF-β inhibits IFN-γ production by alloreactive CD4+ Tem in vitro
(A) Flow cytometric analysis of LAP surface expression on IFN-γ-pretreated EC and CD4+

Tem cultured alone or together in serum-free medium for 24 hr. Discrete cell populations
from the co-cultures were also individually gated to analyze expression by EC and CD4+

Tem separately (right panels). (B) TGF-β RII surface expression on these cells. (C) LAP and
HLA-DR surface expression of untreated EC placed in transwell inserts above co-cultures of
CD4+ Tem with either untreated EC (resting environment) or IFN-γ-pretreated EC (immune-
activated environment) for 3 d. (D) IFN-γ-pretreated EC were co-cultured with CD4+ Tem
in the presence of LAP-β1 and TGF-β1/-β2/-β3 neutralizing antibodies at 10 μg/mL each or
irrelevant IgG1 at 20 μg/mL for 24 hr. Cytokine supernatant levels (n=16 from 3 donors)
were measured by ELISA. *P<0.05, LAP+TGF-β Ab vs. IgG, paired t test. (E)
Alternatively, the co-cultured cells were incubated for a further 30 min with brefeldin A and
PMA/ionomycin and then intracellular cytokine staining was performed for IFN-γ and
IL-17. Dot plots show % positive cells in each quadrant and flow cytometry data are
representative of 3 experiments.
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Figure 2. TGF-β inhibits medial infiltration and SMC loss in rejecting artery grafts
Human coronary arteries were interposed into the aorta of SCID-beige mice that received an
adoptive transfer of 0.5-3×108 allogeneic human PBMC (from one of 3 PBMC donors) at 1
wk post-op. The animals received no treatment (n=9 from 5 artery donors) or were treated
with IgG (n=17 from 9 artery donors) or TGF-β antibody (n=17 from 9 artery donors) at 250
μg s.c., 3x per wk, from 1 to 5 wk post-op. Graft sections were stained with (A) H&E or (B)
EVG at 5 wk post-op and representative photomicrographs are shown (bar, 300 μm). Intima
and total vessel areas were calculated from EVG-stained graft sections. The artery grafts
were also analyzed by immunofluorescence microscopy using (C) PE-labeled anti-LAP (red
color), (D) PE-labeled anti-CD31 (red color), (E) FITC-labeled anti-smooth muscle α-actin
(SMA) (green color), and (F, G) PE-labeled anti-CD45RO (red color); the individual panels
in (F) focus on the intima while those in (G) better illustrate the media. The internal elastic
lamina is visible due to auto-fluorescence (green color). Representative photomicrographs
are shown at lower magnification for LAP (bar, 200 μm) and at higher magnification (bar,
50 μm) for the cell lineage markers. The images were quantified as % positively-staining
intima and media area for LAP or the number of CD31+ luminal cells, SMA+ medial cells,
CD45RO+ intimal cells, and CD45RO+ medial cells were counted per cross (x)-section of
grafts. *P<0.05, TGF-β Ab or IgG vs. No treatment,P<0.05, TGF-β Ab vs. IgG, one-way
ANOVA.
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Figure 3. TGF-β expression is diminished in rejecting artery grafts
SCID-beige mouse recipients of human coronary artery grafts (n=9 from 5 artery donors)
received 1.5×108 allogeneic human PBMC (from one of 2 PBMC donors) at 1 wk post-op
and were treated with IgG or TGF-β antibody at 250 μg s.c., 3x per wk, from 1 to 5 wk post-
op. The artery grafts were procured at 5 wk post-op and the abundance of transcripts for (A)
TGF-β1, TGF-β2, TGF-β3, (B) CD31, SMA, CD3ε, (C) IL-6, IL-8, and IP-10 normalized to
GAPDH were measured by quantitative RT-PCR. *P<0.05, TGF-β Ab or IgG vs. No
treatment, +P<0.05, TGF-β Ab vs. IgG, one-way ANOVA.
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Figure 4. TGF-β inhibits IFN-γ production in rejecting artery grafts
SCID-beige mouse recipients of human coronary artery grafts (n=17 from 9 artery donors)
received 0.5-3×108 allogeneic human PBMC (from one of 3 PBMC donors) at 1 wk post-op
and were treated with IgG or TGF-β antibody at 250 μg s.c., 3x per wk, from 1 to5 wk post-
op. The artery grafts were procured at 5 wk post-op and the abundance of T cell-associated
transcripts for (A) IFN-γ, IL-4, IL-10, IL-17, (B) T-bet, GATA-3, Foxp3, and RORC
normalized to GAPDH were measured by quantitative RT-PCR. +P<0.05, TGF-β Ab vs.
IgG, paired t test.
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Figure 5. TGF-β inhibits IFN-γ production in early rejecting artery grafts
SCID-beige mouse recipients of human coronary artery grafts (n=6 from 3 artery donors)
received 3×108 allogeneic human PBMC (from a different PBMC donor to those in Fig. 2)
at 1 wk post-op and were treated with IgG or TGF-β antibody at 125 μg s.c., 3x per wk,
from 1 to3 wk post-op. (A) Frequency of human CD3+ vs. mouse CD45+ circulating cells at
2 wk post-op (or 1 wk after PBMC inoculation). (B) Representative photomicrographs of
EVG-stained graft sections at 3 wk post-op (bar, 300 μm). (C) Lumen, intima, media, and
total vessel areas were calculated from EVG-stained graft sections. (D) IFN-γ, IL-10, IL-17,
and CD3ε transcripts normalized to GAPDH were measured in grafts at 3 wk post-op by
quantitative RT-PCR (IL-4 mRNA was undetectable). *P<0.05, TGF-β Ab vs. IgG, paired t
test.
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