J c I The Journal of Clinical Investigation

Transcriptional regulation of epithelial-mesenchymal transition

Yingqi Teng, ..., Michael Zeisberg, Raghu Kalluri

J Clin Invest. 2007;117(2):304-306. https://doi.org/10.1172/JCI31200.

It has become increasingly obvious that the notion of a terminally differentiated cell is likely a simplified concept.
Epithelial-mesenchymal transition (EMT), during which epithelial cells assume a mesenchymal phenotype, is a key event
occurring during normal development and pathological processes. Multiple extracellular stimuli and transcriptional
regulators can trigger EMT, but how such distinct signaling pathways orchestrate the complex cellular events that
facilitate EMT is not well understood. In this issue of the JCI, Venkov et al. report on their examination of fibroblasts
resulting from EMT and describe a novel protein-DNA complex that is essential for transcription of fibroblast-specific
protein 1 (FSP1) and sufficient to induce early EMT events (see the related article beginning on page 482). Collectively,
their results suggest that this complex is an important regulator of the EMT transcriptome.
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commentaries

of other host proteins that determine the
fate of HIV-1 DNA once it has entered the
target cell nucleus.
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It has become increasingly obvious that the notion of a terminally differ-
entiated cell is likely a simplified concept. Epithelial-mesenchymal transi-
tion (EMT), during which epithelial cells assume a mesenchymal pheno-
type, is a key event occurring during normal development and pathological
processes. Multiple extracellular stimuli and transcriptional regulators
can trigger EMT, but how such distinct signaling pathways orchestrate the
complex cellular events that facilitate EMT is not well understood. In this
issue of the JCI, Venkov et al. report on their examination of fibroblasts
resulting from EMT and describe a novel protein-DNA complex that is
essential for transcription of fibroblast-specific protein 1 (FSP1) and suffi-
cient to induce early EMT events (see the related article beginning on page
482). Collectively, their results suggest that this complex is an important

regulator of the EMT transcriptome.

During development and adult organ
pathogenesis, cells are in a constant state
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of phenotypic transition. In pathological
settings, differentiated adult cells from the
kidney, lung, liver, or heart can undergo
drastic phenotypic transitions. Such acts
are likely undertaken to avoid cell death
in a hostile environment. But if an insult,
such as organ fibrosis, persists, then such
transitions likely become semipermanent.

During epithelial-mesenchymal transi-
tion (EMT), epithelial cells gradually lose
their epithelial signatures while acquiring
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the characteristics of mesenchymal cells.
EMT is regarded as a critical regulator of
metazoan embryogenesis and physiologi-
cal processes such as wound healing. EMT
also contributes significantly in patholo-
gies such as tissue fibrosis and cancer
metastasis. Hallmarks of EMT include: (a)
the downregulation of cell adhesion mole-
cules such as E-cadherin; (b) the increased
expression of MMPs to assist in the degra-
dation of the basement membrane; (c) the
activation of the Rac/Rho/Cdc42 family
small GTPase to bring about cytoskeleton
rearrangement; and (d) the nuclear trans-
location of several transcription factors
including B-catenin and the T cell factor/
lymphocyte enhancer factor 1 (TCF/LEF1)
complex, Snaill, Snail2, and Twist (1, 2).
The adoption of a fibroblast-like tran-
scription profile is crucial for the survival
of the cells undergoing EMT. Several key
transcription factors have been described
(1); however, it is now clear that more such
transcriptional regulators are required to
govern the complex EMT transcriptome.
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Figure 1

The CBF-A/KAP-1/FTS-1 complex is a master regulator of EMT. In an epithelial cell undergo-
ing EMT, the CBF-A and KAP-1 proteins recognize and bind to the FTS-1 sites in the genomic
DNA. The CBF-A/KAP-1/FTS-1 complex controls the expression of a wide spectrum of EMT-
responsive genes, possibly via the FTS-1 sites also present in their promoters. Arrows with +
or — symbols indicate whether the abundance of a given protein is increased or decreased,
respectively, via the action of the CBF-A/KAP-1/FTS-1 complex. ZO-1, zona occludens 1.

A novel protein-DNA complex
directly activates fibroblast-specific
protein 1 during EMT

The calcium-binding fibroblast-specific
protein 1 (FSP1; also known as S100A4)
is a crucial facilitator of EMT. The expres-
sion of FSP1 marks an early stage of EMT,
and blockade of FSP1 expression sup-
presses the EMT induced by TGF-p and
EGF signals (3, 4).

In this regard, a proximal cis-acting regu-
latory element in the FSP1 promoter, capa-
ble of interacting specifically with nuclear
extracts from the fibroblasts but not the
epithelium, was previously identified using
EMSA. The element was termed fibroblast
transcription site-1 (FTS-1), and the FTS-1
site has been shown to be crucial for the
expression of FSP1 in fibroblasts (5).

Now, in this issue of the JCI, Venkov et al.
report the use of FTS-1 as a probe to iden-
tify protein components of the FTS-1 com-
plex in fibroblast nuclear extracts (6). Using
2 independent approaches, EMSA and DNA
affinity chromatography, the authors identi-
fied 2 proteins, CArG box-binding factor-A
(CBF-A) and KRAB-associated protein 1
(KAP-1), present in a complex with FTS-1.
Furthermore, the authors report that in a
kidney epithelial cell line engineered to con-
ditionally express CBF-A, the expression of
CBF-A coincided with formation of the
CBF-A/KAP-1/FTS-1 complex and the de
novo transcription of the FSPI gene.

CBF-A has been described as both a tran-
scriptional activator and a repressor in dis-
tinct genomic loci (7-9). Unlike traditional
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transcription factors, CBF-A recognizes
a variety of DNA motifs and has an affin-
ity for both single-stranded and double-
stranded DNA (6-8). KAP-1 is generally
considered a transcriptional repressor and
also interacts with the nucleosome remod-
eling and deacetylase (NuRD) complex (10,
11). Such evidence suggests that the CBF-A/
KAP-1/FTS-1 complex, whose function is
likely to facilitate chromatin remodeling,
is a direct and major activator of FSPI tran-
scription during EMT.

CBF-A as a regulator of the EMT
transcriptome and a potential target
for drug development
Venkov et al. (6) also show that the effects
of CBF-A go beyond just the activation of
the FSP1 gene. Cultured kidney epithelial
cells initiate the EMT process when trig-
gered to express CBF-A. These cells assume
the spindle-shaped fibroblast morphology,
exhibit increased migratory capacity, and
display the transcriptional responses asso-
ciated with EMT (Figure 1). CBF-A thus
decreases the abundance of the epithelial
cell markers zona occludens 1 (ZO-1) and
E-cadherin and increases the expression
of fibroblast markers N-cadherin, a-SMA,
vimentin, Snaill, and Twist. FTS-1 sites
are also present in the promoter regions of
multiple genes involved in the EMT pro-
cess, and these sites are more abundant
than TCF/LEF1 sites and E-boxes (Snail
family protein-binding sites) (6).

It has been well established that EMT
plays a significant role in the pathology of
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tissue fibrosis and metastasis (1, 2). Bone
morphogenic protein 7 has been shown to
reverse TGF-B1-induced EMT and amelio-
rate TGF-B1-triggered fibrosis (12). Nev-
ertheless, potential targets for the future
development of drugs that can inhibit
EMT need to be further explored.

In this regard, the CBF-A/KAP-1/FTS-1
complex qualifies as a promising thera-
peutic target upstream of the EMT tran-
scriptome. This notion is supported by
the broad presence of FTS-1 sites in EMT-
responsive genes and also by the observa-
tion that CBF-A controls the expression
of important transcription regulators of
EMT such as Snaill and Twist. Therefore,
disruption of the CBF-A/KAP-1/FTS-1
complex may selectively interrupt chroma-
tin remodeling, thus not allowing for the
transcription of key EMT-inducible genes.

In summary, the work presented by Ven-
kovetal. (6) hasintroduced us to the CBF-A/
KAP-1/FTS-1 complex, a regulator of the
early events during EMT. Future studies of
this protein-DNA complex will enrich our
knowledge regarding the complex tran-
scriptional cascades that facilitate EMT
and provide further insights into the treat-
ment of EMT-dependent diseases.
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To ablate or not to ablate?
HSCs in the T cell driver’s seat

Claudio Anasetti and James J. Mulé
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The combination of the induction of lymphopenia and vaccination and/or
T cell transfer is garnering much attention for cancer treatment. Preclinical
studies have shown that the induction of lymphopenia by chemotherapy or
radiation can enhance the antitumor efficacy of several distinct, cell-based
immunotherapeutic approaches. The mechanism(s) by which such enhance-
ment is achieved are being intensively studied, yet there is much opportunity
for improvement. The animal studies reported by Wrzesinski and colleagues
in this issue of the JCI are a promising and timely step in this direction (see
the related article beginning on page 492). The authors have evaluated both
the effect of increasing the intensity of lymphodepletion and the influence
of HSC transfer on the in vivo function of adoptively transferred CD8*
T cells. We discuss their results in light of the evolving field and their impli-
cations for advancing cell-based immunotherapies for cancer.

Current immunization approaches attempt
to activate and expand the tumor-reactive
T cell population in hosts with an intact
immune system. There is much evidence
that within the immune system of can-
cer patients, tumor-induced suppression
and immune-based regulatory factors are
present that may limit the effectiveness
of vaccine-induced, tumor-specific T cells
(1). An alternative approach is to induce
lymphopenia (a reduction in lymphocyte
number) in hosts, allowing residual host or
transferred naive or antigen-specific donor
T cells to undergo homeostasis-driven
proliferation to restore the memory T cell
compartment. Several potential advantages
are offered by this strategy. For example, in
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row transplantation; MART-1, melanoma-associated
antigen recognized by T cells 1; TBI, total body irradia-
tion; T, cell, central memory T cell; Ter cell, effector
memory T cell; TIL, tcumor-infiltrating lymphocyte.

Conflict of interest: The authors have declared that no
conflict of interest exists.

Citation for this article: J. Clin. Invest. 117:306-310
(2007). d0i:10.1172/JCI130973.

306

The Journal of Clinical Investigation

addition to eliminating inhibitory immune
cells in the host such as Tregs, lymphomy-
eloid reconstitution may overcome inher-
ent defects in T cell signaling and may
strengthen the costimulatory functions of
APCs (2). Induction of lymphopenia can
lead to an increased production and avail-
ability of immune response-stimulating
cytokines such as IL-7 and IL-15, result-
ing in enhanced CD8* T cell activity (3, 4).
Other studies have shown enhanced T cell
trafficking into tumors after induction of
lymphopenia (5, 6), as well as enhanced
intratumoral proliferation of effector cells
(7). It is postulated that vaccination during
homeostasis-driven proliferation may serve
to educate the developing T cell repertoire
and lead to enhanced T cell memory against
tumor-associated self antigens (8, 9).
Common methods to induce lymphope-
nia include treatment with low-dose total
body irradiation (TBI) that produces mild,
reversible myelosuppression (hence nonmy-
eloablative) or treatment with chemothera-
peutic drugs such as cyclophosphamide
(Cy) alone or in combination with fludara-
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bine, which can induce short-term and lon-
ger-term lymphopenia in mice and humans,
respectively (10). Cy-induced lymphopenia
can also enhance the induction of tumor-
specific CD8* T cells and can lead to protec-
tive immunity against tumors (11, 12).

In this issue of the JCI, Wrzesinski and
colleagues (13) report on a series of animal
studies undertaken to determine whether
it is possible to augment adoptively trans-
ferred T cell-mediated tumor destruction
by increasing the intensity of lymphodeple-
tion. The work moves the immunotherapy
field forward by demonstrating, for the first
time to our knowledge, a positive influence
of HSC transfer on the in vivo function of
adoptively transferred CD8* T cells.

Immunotherapy in the setting of
nonmyeloablative lymphodepletion
Adoptive transfer of naive or activated
antigen-specific T cells immediately after
induction of lymphopenia has been suc-
cessful in inducing tumor regression in
several murine models as well as in human
clinical trials. In murine tumor models,
induction of lymphopenia followed by
adoptive transfer of peptide-specific T
cells alone led to regression of established
tumors (8). Active vaccination in combi-
nation with lymphodepletion and adop-
tive T cell transfer may further enhance
immunity (14, 15). Studies have shown
that active vaccination can skew the T cell
repertoire toward self or tumor-associated
antigens during homeostatic proliferation
(16, 17). Hu et al. (18) have reported that
tumor-specific T cells can preferentially
expand in tumor vaccine-draining lymph
nodes following adoptive transfer of naive
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