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ABSTRACT – The dual role of transforming growth factor-beta (TGF-â) in modulating macrophage
function is an important concept gaining increasing recognition. In addition to its role as a
‘macrophage-deactivating’ agent, TGF-â functions as a monocyte activator, inducing cytokine
production and mediating host defence. These functions are context-dependent, modulated by the
differentiation state of the cell, the local cytokine environment, and the local levels of TGF-â in itself.
In general, during the initial stages of inflammation, TGF-â locally acts as a proinflammatory agent by
recruiting and activating resting monocytes. As these cells differentiate specific immunosuppressive
actions of TGF-â predominate, leading to resolution of the inflammatory response. Increasing our
understanding of the bidirectional regulation of macrophage function will facilitate prediction of the
ultimate outcome of modulating TGF-â levels in vivo. © 1999 Éditions scientifiques et médicales
Elsevier SAS
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1. Introduction

The classical role of macrophages in phagocytosis and
as accessory antigen-presenting cells has gradually been
extended to encompass their functions in maintaining
tissue homeostasis and mediating inflammatory and
immune responses [1]. Transforming growth factor-beta
(TGF-â) has emerged as a ubiquitous, global modulator of
cellular responses including proliferation, migration, and
differentiation [2, 3]. Monocytes/macrophages secrete
TGF-â which, in turn, regulates numerous responses such
as monocyte activation, cytokine production, host
defense, and chemotaxis [4–6]. Beyond the accumulating
evidence implicating TGF-â as a potent immunosuppres-
sive and ‘macrophage-deactivating’ agent [7], recent
studies have highlighted the bidirectional effect of this
cytokine on monocyte/macrophage function [2, 8, 9].
Specifically, the action of TGF-â on these cells is depen-
dent upon the state of cellular differentiation, the cytokine
milieu, and the concentration gradient of TGF-â itself [10,
11]. Largely through recent studies focussing on its role in
experimental models of disease and the study of trans-

genic models, the dual role of TGF-â in modulating
monocyte/macrophage function has gained greater under-
standing.

2. TGF-â: monocyte expression and
activation

The generic term ‘TGF-â’ refers to the three isoforms,
TGF-â1, -2, and -3, which have been identified in mam-
malian species [12]. The isoforms share 64 to 82% amino
acid sequence homology and in specific biological assays
are largely interchangeable; however, each is encoded by
a separate gene and unique promoter, and they show
distinct spatial and temporal differences in expression [12,
13]. TGF-â1 is the most abundant isoform in tissues, and is
at its most concentrated in platelets [14], whereas TGF-â2
is present in body fluids such as saliva and breast milk,
with TGF-â3 being the least abundant of the three. Since
TGF-â1 is the predominant isoform present at sites of
inflammation/ injury, and is the major isoform secreted by
circulating monocytes and tissue macrophages, the major-
ity of studies on the inflammatory response have concen-
trated on this isoform [4, 15]. However, it is important to
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realize that specific isoforms show overlapping and differ-
ential effects on hematopoietic cells, albeit in terms of
potency [16].

A critical step in the regulation of TGF-â activity at the
cellular level is in its secretion from the cell and subse-
quent activation. Monocytes constitutively express TGF-â
mRNA; however, as in other cell systems, mRNA and
protein levels of TGF-â do not necessarily correlate [4, 6,
17]. Notably, activated blood monocytes and alveolar
macrophages produce increased protein levels of TGF-â
secondary to secretion of preformed peptide, as opposed
to enhanced transcription [4, 15]. Newly released TGF-â
peptide is rendered inactive due to its association with a
75-kDa glycosylated latency-associated peptide (LAP) and
the latent TGF-â binding protein (LTBP) [18]. Platelets
release the large latent complex (TGF-â covalently associ-
ated with LAP and LTBP) in addition to the small latent
complex consisting of TGF-â and LAP, which is released
during clot dissolution at the sites of injury [19]. The
function of LTBP as an anchoring protein localizing TGF-â
to matrix may be crucial to the subsequent presentation of
TGF-â to activating proteins such as plasmin and throm-
bospondin, and may be pivotal to the specific spatial
localization and concentration gradient of TGF-â [20].

Mechanisms of TGF-â activation include low pH, irra-
diation, binding to thrombospondin, and proteolysis
involving plasmin, and the mannose-6-phosphate (M-6-P)
receptor [21, 22]. In addition to the secretion of TGF-â,
cells of the monocyte/macrophage lineage are involved in
the autocrine and paracrine activation of TGF-â (figure 1).
Specifically, the M-6-P receptor, transglutaminase, plas-
min, and the urokinase receptor coordinate the activation
of TGF-â by stimulated peritoneal macrophages, and are
themselves modulated by TGF-â [23, 24]. Moreover,
other proinflammatory cytokines secreted by inflamma-
tory cells, such as interferon-gamma (IFN-γ), may modu-
late monocyte activation of TGF-â, suggesting that mono-
cytes may regulate the local levels of active TGF-â, and
that this occurs in a multistep fashion [25]. Subsequently,
activated TGF-â may act locally on numerous cell types
including autocrine effects on inflammatory cells, and
paracrine effects on epithelial and mesodermally derived
cells. The production of extracellular matrix by mesenchy-
mal fibroblasts in response to TGF-â results in a fibrotic
response in numerous tissues such as lung following bleo-
mycin treatment, and cutaneous wounds following doxo-
rubicin treatment [26, 27]. Alveolar macrophages are the
predominant cell type in lung to secrete active TGF-â
during bleomycin-induced fibrosis, an activation process
involving plasmin [27]. Similarly, macrophages in arthritic
synovium constitutively generate TGF-â in its active
form [28].

In some circumstances, monocyte production and acti-
vation of TGF-â may have detrimental effects, not only by
stimulating excessive fibrosis but also by enhancing sur-
vival of intracellular pathogens [29, 30], likely by reduc-
ing nitric oxide and reactive oxygen intermediates [31].
Specific protozoa and bacteria have developed survival
strategies whereby infection of macrophages induces the
secretion of active TGF-â, the latter reducing the effective-
ness of macrophages to kill the pathogen [30, 32].

A further level of regulation of TGF-â activity lies in the
expression of the specific type I (53 kDa) and type II
(70–80 kDa) transmembrane receptors. These serine-
threonine receptors are responsible for signalling by the
TGF-â superfamily members, with the type II receptor
binding ligand with high affinity, recruiting the type I
receptor to the complex, and leading to phosphorylation
of type I receptor on a cluster of glycine and serine
residues known as the GS domain [33–35]. TGF-â2 binds
with only low affinity to the type II receptor and for high
affinity binding requires the type I receptor or the pro-
teoglycan betaglycan [36]. Recently, cytoplasmic trans-
ducing molecules known as Smads (42–60 kDa) have
been discovered which are involved in TGF-â signal trans-
duction from receptor to the nucleus [35]. Three distinct
functional groups of Smads exist at the present time which
have been implicated in TGF-â superfamily signalling:
pathway-dependent signal-transducing Smads 2 and 3;
the common mediator Smad4, and the inhibitory Smads 6
and 7 [35, 37]. While the key Smad proteins involved in
macrophage signal transduction are only beginning to be
explored, preliminary evidence implicates Smad3 in TGF-
â-mediated macrophage activation (Ashcroft et al. in
press). Future studies will determine whether the relative
ratios of the pathway-restricted Smads and the inhibitory
Smads are involved in regulating macrophage responses
to TGF-â. Indeed, clear functional distinctions between
the two highly homologous proteins Smads 2 and 3 have
been reported in human cells of epithelial origin [38].

Current literature suggests that the balance of mem-
brane TGF-â type I and II receptors does indeed play a
major role in determining whether inflammatory cell
responses to TGF-â are activating or deactivating, and that
this balance is determined in part by cell differentiation.

Figure 1. Activation of TGF-â. Macrophages are involved not
only in the secretion of TGF-â but also in its activation. Latent
TGF-â secreted by these cells binds to the thrombospondin/
CD36 receptor complex and is activated by membrane-bound
plasmin. In addition, TGF-â bound to IgG released from plasma
cells is activated via Fc receptors. Other factors potentially in-
volved in macrophage activation of TGF-â include the urokinase
receptor and transglutaminase. Active TGF-â binds to the
TGF-â type I and II receptor complex which then directs down-
stream signalling by Smad proteins and MAP kinases.
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Resting blood monocytes constitutively express approxi-
mately 400 high-affinity type I/II TGF-â receptors which
render these cells extremely sensitive to stimulation by
TGF-â [39, 40]. Activation and differentiation of these
cells by TGF-â itself, other cytokines, or bacterial
lipopolysaccharide (LPS) leads to a marked reduction in
receptor expression and a subsequent decrease in sensi-
tivity to TGF-â1 [10]. Thus, receptor modulation during
cellular differentiation provides one mechanism for a bidi-
rectional role of TGF-â, and may help to explain the
paradox of TGF-â acting as both a proinflammatory agent
and as a factor contributing to the resolution of inflamma-
tion.

3. Proinflammatory effects of TGF-â

At the sites of tissue injury, the initial action of platelet
degranulation releases a concentrated source of local
TGF-â1 [14], and this observation implicated TGF-â as an
early mediator of the inflammatory response. In vitro,
femtomolar concentrations of TGF-â induce the most
potent chemoattractant response observed by human cir-
culating blood monocytes [40, 41]. This in vitro chemoat-
tractant effect has been shown in vivo to effect the recruit-
ment of monocytes to the sites of inflammation/injury, for
example intradermal or intraarticular injection of TGF-â
stimulates monocyte infiltration and matrix deposi-
tion [42, 43]. Moreover, TGF-â mediates monocyte pro-
duction of cytokines which act as additional mononuclear
cell chemoattractants [5, 44]. The influx of monocytes can
be further modulated by a number of factors including
state of cellular differentiation, receptor expression, the
cytokine and proteolytic milieu, and the expression of
specific cell surface adhesion molecules [2, 40, 45, 46].
Resting monocytes stimulated by picomolar concentra-
tions of TGF-â respond by upregulating TGF-â transcrip-
tion and secretion in an autocrine feedback loop; how-
ever, this sensitive response is markedly reduced during
cellular activation and differentiation [2, 6]. Thus, one
mechanism for downregulation of the inflammatory
response involves cellular differentiation and reduced
responsiveness to TGF-â, resulting in a decrease in cellular
chemotaxis.

In order for circulating monocytes to infiltrate the sites
of injury/ inflammation, they must first traverse the endo-
thelial basement membrane. The initial mechanism
involved is the attachment of circulating inflammatory
cells to the endothelial wall, which is mediated by a
number of factors, including the expression of specific cell
surface integrins (figure 2). TGF-â is a key factor in this
response since it enhances the expression of specific inte-
grins such as LFA-1 which binds to endothelial ICAM-1,
and α3â1 receptors which mediate monocyte binding to
fibronectin, laminin and collagen [46, 47]. In addition to
upregulating these integrins which are expressed constitu-
tively on monocytes, TGF-â enhances the expression of
the fibronectin receptor α5â1 which enhances attachment
to the provisional matrix which is deposited, for example,
at the sites of cutaneous wounds [46]. It is important to
note that the cytokine milieu at the site of inflammation is

pivotal to these responses, since TGF-â-stimulated expres-
sion of monocyte α5 integrin can be downregulated post-
transcriptionally by IFN-γ, leading to inhibition of cell
binding to matrix [48]. A further action of TGF-â contrib-
uting to monocyte transmigration is its effect on the pro-
teolytic response. Dissolution of the vascular basement
membrane, consisting of type IV collagen, fibronectin and
laminin, is augmented by the synthesis and secretion by
monocytes of matrix metalloproteinases (MMP) 2 and 9
(72-kDa and 92-kDa gelatinases), a process induced by
TGF-â [46].

Following adhesion, proteolysis of the endothelial cell
membrane, and transmigration in response to TGF-â,
chemokines, and other chemotactic stimuli, monocytes
are subjected to high concentrations of numerous cytok-
ines at the site of injury/inflammation. Specifically, TGF-â
is generated not only by infiltrating monocytes, but also by
lymphocytes, fibroblasts, neutrophils, and epithelial
cells [4, 15, 49]. In turn, picomolar concentrations of
TGF-â stimulate monocytes to transcribe a variety of
cytokines such as PDGF, bFGF, IL-6, and IL-1 which
modulate cell function [5, 40, 50]. In this context, it is
interesting that in the tissues of the TGF-â1 knockout
animals, which suffer from rampant multiorgan leukocytic
infiltration resulting in a wasting syndrome and death by
the fourth week of life [51, 52], infiltrating inflammatory
cells may not be activated. This may reflect the absence of
a ‘cytokine cascade’ which is normally influenced by
TGF-â [11], particularly in immature monocyte popula-
tions. A further activation mechanism involves the induc-
tion by TGF-â of Fc gamma receptor III (FcγRIII) or CD16
on the cell surface of monocytes. FcγRIII is constitutively
expressed on natural killer cells, on a small subset of

Figure 2. In addition to TGF-â acting as a direct chemoattrac-
tant at sites of injury, it facilitates monocyte infiltration to these
sites by upregulating LFA-1 on the monocyte cell surface,
allowing attachment of the cell to ICAM-1 on the endothelial cell
surface. TGF-â mediates the upregulation of monocyte matrix
metalloproteinases, degrading the endothelial basement mem-
brane and allowing the monocyte to migrate into the tissue space.
Subsequently TGF-â induces integrin expression on the mono-
cyte cell surface which facilitates attachment to the provisional
matrix of fibronectin and collagen.
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peripheral blood monocytes, and on mature macroph-
ages, but increased in the presence of TGF-â. This process
allows circulating and newly recruited monocytes to rec-
ognize bound IgG, resulting in enhanced phagocytosis
and removal of cellular debris [53, 54]. Intriguingly,
TGF-â suppresses monocyte production of GM-CSF,
which is an antagonist of TGF-â-induced expression of
CD16 [55, 56]. Thus, TGF-â may both directly and indi-
rectly enhance the phagocytic function of monocytes
newly recruited to the site of inflammation, which is
essential to their function in clearing pathogens and
debris.

In vivo evidence for the profound proinflammatory
effects of TGF-â emanates from studies where TGF-â activ-
ity has been blocked by specific antagonists and the local
inflammatory response is markedly reduced. Locally
administered antibodies to TGF-â have inhibited tissue
destruction, fibrosis, and influx of inflammatory cells in a
number of systems, including bacterial cell-wall-induced
arthritis and wound healing [28, 57]. Matrix accumulation
is also suppressed in experimental glomerulonephritis by
the injection of decorin, a proteoglycan which inhibits
TGF-â action [58, 59]. Inhibiting the activity of TGF-â1
using topical neutralizing antibodies applied to rodent
cutaneous wounds has an anti-scarring effect, associated
with reduced monocytic infiltrates [57, 60]. These find-
ings are similar to those observed during fetal wound
healing where monocytes are largely absent, endogenous
TGF-â levels are low, and healing occurs by scar-free
regeneration [57, 61–63]. It is intriguing that the local
neutralization of TGF-â1 and TGF-â2 isoforms during
rodent cutaneous wound healing reduces the monocyte
influx and resulting fibrosis, whereas the application of
topical TGF-â3 has a similar effect, suggesting that the
modulation of the inflammatory response is possibly
isoform-specific [60]. These findings are consistent with
the differential appearance of the isoforms during wound
healing, with TGF-â3 being expressed at later time-
points [64]. Further evidence for the in vivo proinflamma-
tory action of TGF-â stems from studies using transgenic
mice overexpressing the TGF-â1 transgene under the con-
trol of the albumin promoter. These animals exhibit
elevated circulating levels of TGF-â and progressive
hepatic fibrosis and renal disease, characterized by
increased matrix deposition and inflammatory infil-
trate [65]. Nonetheless, TGF-â’s role in inflammation is
not limited to the promotion of inflammation, but rather
may function as a hinge to reverse these events based on
its ability to inhibit macrophage function once they have
become activated.

4. Antiinflammatory effects of TGF-â

Based on the many diverse inhibitory effects of TGF-â
on the immune response in vitro, numerous in vivo studies
have been carried out utilizing the peptide in experimental
models of inflammation and immune-mediated disease
states. Successful outcomes in these models have con-
firmed the major role of TGF-â as an in vivo immune/
inflammatory suppressor. Clearly, there is a paradox in the

action of this cytokine based on its documented proin-
flammatory activities which is largely resolved by dissoci-
ating the effects of TGF-â on resting or nonactivated cells
(stimulation) and its converse impact on activated cells
(suppression). One major mechanism involved is the
downregulation of TGF-â receptor expression as mono-
cytes are activated at the sites of inflammation and differ-
entiate into macrophages. The subsequent decline in sen-
sitivity to TGF-â leads to a distinct temporal sequence of
events whereby TGF-â can initially act as a proinflamma-
tory agent and later as a mediator in the resolution of
inflammation. Recently, the generation of the TGF-â1
knockout mouse has also shed light on this issue. The
multiorgan infiltration of leukocytes in the TGF-â1 knock-
out mice suggests that, despite the effects on the initiation
and amplification of the early inflammatory response, the
major role of TGF-â in vivo is in the resolution and
downregulation of such a response [66]. How can these
effects be explained in light of the known effects of TGF-â
on the expression of monocyte cell adhesion molecules?
One theory, based on the observation that treatment of
knockout animals with TGF-â itself delays inflammation
and prolongs survival, suggests that maternal TGF-â
deposited in the tissues of the knockout animal serves as a
nidus or recruitment factor for initially attracting inflam-
matory cells, but the subsequent failure to produce TGF-â
de novo provides no mechanism to suppress the response,
resulting in uncontrolled tissue inflammation [3]. Obser-
vations that systemically delivered TGF-â could down-
regulate endothelial cell adhesion molecule expression
and thereby inhibit the inflammatory response, in contrast
to the upregulation by local TGF-â of integrins on mono-
cytes, illustrates the importance of TGF-â gradients at the
sites of injury/ inflammation [46, 67, 68]. Specifically,
adhesion molecule expression is upregulated in the TGF-â
knockout mice, in kinetic synchrony with maternal TGF-â
in tissues, resulting in the increased cellular adhesiveness
to vasculature, which can be blocked by the use of
fibronectin peptides that interact with â1 integrins/cell
surface proteoglycans [69, 70] or â2 integrins [71]. More-
over, these studies highlight the potential dual function of
TGF-â, its effects dependent upon context including local
concentrations, route of delivery, and on cell types
encountered.

A further mechanism for the antiinflammatory action of
TGF-â is via its modulation of cytokines and chemokines
elaborated by macrophages. The chemokines MIP-1α and
MCP-1 are potent chemoattractants whose production by
macrophages is markedly upregulated following stimula-
tion with LPS [72, 73]. TGF-â acts to inhibit the release of
MIP-1α, and the expression of MCP-1 possibly via down-
regulation of c-jun/activator protein-1, thereby contribut-
ing to the resolution of the inflammatory response. In this
regard, recent studies utilizing TGF-â gene transfer to treat
chronic inflammatory disease revealed that the increased
TGF-â was associated with a decrease in MCP-1, reduced
mononuclear cell infiltration, and amelioration of tissue
pathology (Song et al., unpublished). Recently, the role of
the macrophage in apoptosis and its contribution to the
downregulation of the inflammatory response has been
emphasized. During this resolution phase TGF-â produc-
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tion by macrophages is stimulated by the ingestion of
apoptotic neutrophils, and the increase in TGF-â sup-
presses proinflammatory cytokine production by mac-
rophages, including IL-8, GM-CSF, and TNF-α [74]. In this
context it is interesting that the phenotype of the TGF-â1
knockout animal can be mimicked, in terms of a general-
ized wasting disorder and tissue inflammation, by raised
systemic levels of TNF-α [75]. TGF-â can influence the
activity of proinflammatory cytokines by modulating
receptor and receptor antagonist expression. TGF-â
induces the synthesis by human monocytes of IL-1, which,
in turn, mediates the production of IL-1 receptor antago-
nist [76, 77]. This illustrates the dual role of TGF-â at sites
of inflammation: initially it induces the synthesis of the
proinflammatory cytokine IL-1, which then triggers the
production of its own natural inhibitor. In this context it is
interesting that activin A, a member of the TGF-â super-
family, has been shown recently to inhibit the production
of IL-1 by monocytes, but enhance the production of IL-1
receptor antagonist [78]. The IL-3 receptor on human
monocytes is also downregulated by TGF-â resulting in
decreased cellular proliferation [79]. Macrophage ‘deac-
tivation’ is further achieved by the effects of TGF-â on
reactive oxygen and nitrogen intermediates, which are
involved in host defense [31]. Hydrogen peroxide produc-
tion by human monocytes is inhibited and inducible nitric
oxide synthase, the enzyme necessary for the production
of nitric oxide by activated macrophages, is downregu-
lated by TGF-â both transcriptionally and posttranscrip-
tionally [80]. This effect is demonstrated in the TGF-â1
knock-out mice, where there is increased production of
nitric oxide and enhanced expression of nitric oxide syn-
thase [81]. The response of macrophages to TGF-â is
dependent upon the initial cytokine that the cell is
exposed to and may render the cell unresponsive to other
cytokines. For example, preincubation of macrophages
with TGF-â abrogates IFN-γ priming for nitric oxide pro-
duction whereas TGF-â administered 4 h following IFN-γ
treatment has no effect [82]. Thus the cytokine milieu to
which the macrophage is exposed determines functional
activity, and specifically TGF-â renders the cell unrespon-
sive to local activating stimuli. The ability of TGF-â to
deactivate or suppress activated inflammatory cells is
underscored by in vivo studies of autoimmune and
chronic inflammatory disorders. In an animal model of
streptococcal cell wall-induced arthritis, systemic delivery
of TGF-â [83] or a single dose of 300 mg of plasmid DNA
encoding TGF-â injected intramuscularly at the peak of
the acute inflammatory phase markedly suppressed the
development of chronic joint erosion and inflamma-
tion [84]. In addition, systemic delivery of TGF-â inhibits
leukocyte influx and decreases the severity of experimen-
tal allergic encephalomyelitis [85, 86]. Thus, in several
disease models, the administration of systemic TGF-â
induces an antiinflammatory response, possibly because
of the exposure of endothelium directly to TGF-â in the
circulation, resulting in a downregulation of E-selectin
[67], as well as neutralization of the TGF-â chemotactic
gradient normally radiating from the inflamed tissue. Since
the intraarticular injection of anti-TGF-â reduces inflam-
mation and joint destruction in a similar model [28], the

concentration gradient of TGF-â at the cellular level and
its mode of administration are crucial in determining its
ultimate effects. Other studies have confirmed these anti-
inflammatory actions of neutralizing TGF-â function
locally, for example during wound healing [57, 60] and by
inhibiting fibrosis in experimental glomerulonephri-
tis [87].

5. Conclusions
In general terms, it would appear that during the early

stages of inflammation, TGF-â locally within a site of
injury or inflammation acts as a proinflammatory agent by
recruiting and activating resting monocytes. Inhibition of
TGF-â function during this stage reduces the degree of
inflammation and in some circumstances, reduces down-
stream matrix deposition and fibrosis. As the recruited
monocytes are activated and differentiated, they lose
responsiveness to TGF-â, levels of autocrine-stimulated
TGF-â decline, and specific immunosuppressive actions
of TGF-â predominate such as the induction of IL-1 recep-
tor antagonist, reduction in cytokines, and lymphocyte
suppression leading to the resolution of the inflammatory
response. Thus, within the inflammatory site and at a
cellular level, TGF-â exhibits a temporal pattern of bidi-
rectional activity. Moreover, the effect of exogenous
TGF-â can be activating- or inhibitory-dependent upon
local versus systemic levels. Targeted mutations of the
TGF-â genes have provided evidence that, not only is
TGF-â1 critical to life, but that specifically, TGF-â is
critical to the regulation of the inflammatory response. In
particular, the absence of TGF-â1 leads to multiorgan
leukocytic infiltration associated with abnormal regula-
tion of cell adhesion molecules, implying that the key role
of TGF-â is in the resolution and suppression of tissue
inflammatory cell influx. Paradoxically, circulating levels
of TGF-â are increased in the TGF-â1 overexpressing mice
and this also leads to renal inflammation and fibrosis. The
latter raises a number of questions, since systemic admin-
istration of TGF-â leads to an inhibition of inflammation
and reduced tissue destruction in specific animal models.
The apparent dichotomy between systemic levels of
transgene-induced TGF-â and therapeutic delivery
appears to be dose-dependent. If TGF-â is delivered at
increasing concentrations, beyond what is required for
therapeutic efficacy, in autoimmune models renal damage
also becomes apparent. In the TGF-â transgenic mice,
greater than 6–8-fold increases in circulating TGF-â have
been reported, far in excess of therapeutic strategies and
injurious to the kidneys [65]. By increasing our under-
standing of the context-dependent actions of TGF-â, pre-
dicting the ultimate outcome of adding or neutralizing
TGF-â in specific systems will become less elusive!
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