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ABSTRACT
The amyloid-beta peptide (Aβ) accumulation in the brain is crucial for development
of Alzheimer's disease.
Expression of transforming growth factor-β1 (TGF-β1), an
immunosuppressive cytokine, has been associated in vivo with Aβ accumulation in
transgenic mice and recently with Aβ clearance by activated microglia suggesting its
beneficial and deleterious effects in neuronal cells. In this study, we demonstrated that
TGF-β1 induced matrix metalloproteinase-2 (MMP-2) expression in time- and dosedependent manners and enhanced MIP-1α-mediated chemotaxis of human monocytic
THP-1 cells. Of interest to note, we found that Aβ1-42 treatment consistently inhibited
the TGF-β1-induced MMP-2 production and also resulted in a marked suppression of
TGF-β1-mediated chemotaxis of monocytes whereas the reverse peptide, Aβ42-1,
showed little effect. Furthermore, Aβ1-42 markedly suppressed the transactivation of
transfected reporter construct containing TGF-β-inducible response element in TGFβ-1
treated cells. Collectively, these data suggest that Aβ1-42 might be a negative
regulator of TGF-β1-mediated MMP-2 induction and chemotaxis in human monocytic
cells.
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IN T R O D U C T IO N
Alzheimer's disease (AD) is a progressive neurodegenerative disorder that results in loss of higher
cognitive functions. The increased production of
amyloid beta (A β) resulting into fibrillar A β deposition elicits a brain inflammatory response, which is
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most likely involved in the early pathogenic event
that precedes the process of neuropil destruction in
AD (Ramirez-Alvarado et al., 2000; Eikelenboom
and Van Gool, 2004). Immunoreactivity for numerous inflammatory mediators has been detected
in sections of AD brain including pro-inflammatory
cytokines, acute phase proteins, and several proteins of the classical complement pathway (Lanzrein
et al., 1998; Tenner, 2001). Co-localization of a
broad variety of these inflammation-related proteins
and clusters of reactive microglia and astrocytes
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with A β deposits in AD brains strongly supports the
role of chronic inflammation in the neurodegeneration in AD. However, the precise role of these
molecules in the neuropathology of AD has yet to
be clarified.
Transforming growth factor-β1 (TGF-β1), a potent immunosuppressive cytokine, was recently implicated as a co-factor for amyloid deposition.
Post-mortem brain tissue analyses of AD patients
show an increased expression of TGF-β1 correlated with the degree of cerebral amyloid angiopathy (CAA) (Wyss-Coray et al., 1997) and a
genetic polymorphism of the TGF- β1 gene may be
associated with a higher risk to develop AD
(Luedecking et al., 2000). An involvement of TGFβ1 in AD and the detrimental effect of TGF-β1
may be partly due to its ability to promote perivascular inflammation and/or amyloid deposition
(Grammas and Ovase, 2002; Lesne et al., 2003;
Mazur-Kolecka et al., 2003).
However, TGF-β1 also facilitates increased A β
clearance following activation of parenchymal microglial cells from the brain parenchyma to the cerebral blood vasculature and plaque burden reduction
in TGF-β1/hAPP bigenic mouse brain compared
with hAPP mice (Wyss-Coray et al., 2001). Furthermore, TGF-βs have been shown to protect
neuronal cell cultures against A β- and glutamateinduced neurotoxicity by up-regulating antiapoptotic
(Bcl-2, Bcl-XL) or calcium-stabilizing factors (calbindin)
(Prehn et al., 1996; Ren and Flanders, 1996; Ren
et al., 1997; Flanders et al., 1998). Thus, the role
of TGF-βs in A β function apparently exerts both
beneficial and deleterious effects in neuronal cells
through the same high-affinity receptor system.
Despite the extensive studies on this dual effect
of TGF-β1 in the amyloid plaque metabolism, the
role of A β in the modulation of TGF- β1 function
remained to be elucidated. Since dysregulation of
TGF-β1 function is also implicated in chronic
inflammation, it is consequently crucial to unveil
synergistic or antagonistic modulation of TGF- β
1-mediated effect by A β to generate effective
therapeutic strategies involving TGF- β1 and A β. In
the study reported here, we sought to determine
the regulatory effects of A β peptides on TGF-β
1-induced stimulation of matrix metalloproteinase-2
(MMP-2) also called as gelatinase A (Dennler et al.,

2002; Greene et al., 2003) and chemotaxis in
human monocytic THP-1 cells. We also examined
the effect of A β on the activation of a transfected
reporter gene containing a TGF-β-inducible Smadbinding element (SBE). Our data suggest that A β
can suppress TGF-β1-induced MMP-2 expression
and chemotaxis in THP-1 monocytic cells via inhibition of TGF-β1-mediated gene expression.

M A T E R IA L S A N D M E T H O D S
M aterials
A β1-42 and A β42-1 were purchased from US
peptide (Fullerton, CA). As previously described
(Kim and Suh, 1996), peptides were dissolved in
sterile dH 2 O at 1 mg/ml and aged by incubation at
o
37 C (for 6 days which caused the aggregation
states of A β mimic to monomeric, dimeric and
trimeric components from neuritic and vascular
amyloids of AD brain (Roher et al., 1996). Macrophage inflammatory protein 1alpha (MIP-1 α), TGFβ1, TGF-β2, TGF-β3, and neutralizing anti-TGF-β1
antibodies were purchased from R & D (Minneapolis, MN). The anti-human MMP-2 Ab (Ab-3) was
obtained from Calbiochem (Sandiego, CA, USA).
None of the drugs at the concentrations used,
affected cell viability.
C ell culture and treatm ent for preparation of
con ditioned m edia
The human monocytic cell line THP-1 (American
Type Culture Collection, Rockville, MD) were cultured in RPMI 1640 medium (Sigma Chemical Co.,
St. Louis, MO) supplemented with 10% fetal bovine
serum, 100 U/ml of penicillin, and 100 μg/ml of
streptomycin at 37 o C in 5% CO 2 in a humidified
incubator. Confluent THP-1 cells suspended in
serum free RPMI media supplemented with glucose
(0.5%) were seeded into 96 well culture plates (~1
×10 5 /well) and incubated for 2 h at 37 oC before
experimental manipulation. The cells were then
treated with A β peptides, TGF-β1 or A β peptides
preincubated with TGF-βs for 1 h at the concentrations specified at RT before addition to the
cell cultures. After incubation for the indicated periods, conditioned media were collected for subsequent analysis by gelatin zymography and cells
were lysed for Western blot. In some experiments,
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recombinant TGF-β1 was preincubated with antiTGF-β1-neutralizing antibodies for 30 min at RT
with the indicated concentration before addition to
the cell cultures.
A nalysis o f g elatin ase activity b y zym og raphy
The gelatinolytic activities in the cell-free supernatants normalized for equal amounts of protein
were determined by zymography with gelatin according to previously published methods (Chong et
al., 2001). The clear bands on the zymograms were
the signals were quantitated by densitometric scanning to determine the intensity of the MMP activity.
The arbitrary densitometric units were expressed or
converted to a fold of the response of the PBS
treated controls for each individual experiment.
T ransfectio n of T H P -1 cells w ith repo rter con structs containin g TG F- β -in ducib le S B E
THP-1 cells grown in 96-well plates, were transfected by the ''Effectene Transfection Method''
(Qiagen, Valencia, CA) with 0.2 μg of the TGF-βresponsive plasmid p3TP-lux (Wrana et al., 1992) or
pRL-CMV (Promega Corp., Madison, W I) and 0.01
μg pRL-TK-Renilla was cotransfected in order to
normalize for transfection efficiencies within individual assays as previously described (Jho et al.,
1999). pRL-TK-Renilla, a plasmid containing Renilla
luciferase driven by the herpes simplex virus
thymidine kinase promoter were generous gifts from
Dr. Jho EH (University of Seoul, Korea), and were
used to measure the ratio between fly and Renilla
luciferase using a Dual-Luciferase reporter assay
system (Promega Corp., Madison, WI) according to
the manufacturer's protocol. Cells were incubated in
complete medium containing the transfection mixture for 4 h. The transfection mixture was removed,
the cells were washed, and then treated with TGFβ1 (R&D Systems) in serum free RPMI medium as
described above for 16 h. Cells were then extracted
in ''Passive Lysis Buffer'' provided with the ''Dual
Luciferase Reporter Assay System'' (Promega Corp.)
according to the method detailed by the manufacturer. Luciferase activity values were normalized
with respect to protein concentrations and results
are presented as fold increases in TOPFlash activity
against cells transfected with pRL-TK-Renilla.
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W estern b lot an alysis
Whole cell lysates were prepared by extracting
proteins using a buffer containing 50 mM Tris-HCl,
pH 7.4, 150 mM NaCl, 1% Nonidet P-40, and 0.1%
SDS supplemented with protease inhibitors and
phosphatase inhibitors, as described previously
(Chong et al., 2003) and equal amounts of protein
(~30 μg) were subjected to reducing SDS-PAGE.
After electroblotting and blocking, bolts were then
probed at RT for 3 h with anti-MMP-2 (1 ：250,
Calbiochem) and incubated for 1 h with specific
secondary antibody conjugated with horseradish
peroxidase. Proteins were visualized using an ECL
Western blotting detection system (Amersham).
Transw ell chem o taxis assay
Monocyte chemotaxis was measured by using a
24-well Micro Chemotaxis Transwell (Corning Costar,
Cambridge, MA) as previously described (Li et al.,
2003). The cells were resuspended at 1×10 6 /mL
and then loaded into the upper chamber of the
Micro Chemotaxis chamber. The chemoattractant
MIP-1 α (R&D Systems) (10 nM in RPMI medium
with 1 mg/mL of bovine serum albumin) was added
to the lower chamber. The lower and upper chambers were separated by a polycarbonate membrane
(5-μm pore size). A β peptides were pretreated with
TGF-β1 for 1 h at the concentration indicated
before addition to the cultures. After incubation for
o
36 h at 37 C in a humidified atmosphere with 5%
CO 2 and the number of monocytes that migrated to
the lower compartment was determined by counting
the cells under light microscopy.
S atistical A nalysis
All values are expressed as means±standard
error (S.E.M.). The Student's t-test was used for
unpaired results to evaluate differences between
groups. Differences were considered to be significant for p values of ＜0.05.

RESULTS
Ind uction of M M P 2 by TG F- β 1
TGF-β1 is a pleiotropic inflammatory mediator
with diverse immunomodulatory properties (Letterio
and Roberts, 1998; Shi and Massague, 2003). To
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investigate modulatory effect of A β on TGF-β1
function, we examined TGF-β1-induced MMP-2
production in human monocytic THP-1 cells since
MMP-2 contains TGF-β-inducible SBE domains in
the promoter regions (Dennler et al., 2002). The
MMP-2 activity was determined by gelatin zymography as shown in Fig. 1. Treatment of THP-1
cells with TGF-β1 at a concentration of 10 ng/ml
induced MMP-2 activity expression in a time-dependent manner. MMP-2 started to increase 12 h, and
reached the peak at 48 hours after treatment (Fig.
1A). This induction of MMP-2 by TGF-β1 in THP-1
cells was also dose-dependent (Fig. 1B). Maximal
induction of MMP-2 was found at 20 ng/ml of TGFβ1; a further increase in TGF-β1 concentration
beyond this level did not cause further induction of
MMP-2. TGF-β1 treatment showed a little effect on
MMP-9 activities in THP-1 cells. Similar results
were obtained by TGF-β2 and TGF-β3 confirming
the presence of the three functional TGF-β
receptors (Fig. 2A). This MMP-2 induction was
specific because an antibody against TGF-β1 was
able to reverse the process and Western blot

Fig. 1. Effects of TGF-β1 on the expression of MMP-2 in
THP-1 cells. Zymographic analyses show that TGF- β1
induced MMP-2 activities in conditioned media in a timeand dose-dependent manner. THP-1 cells were incubated
with either the same concentration of TGF-β1 (10 ng/ml)
for various periods of time (A) or with increasing amounts
of TGF-β1 for 24 hours (B) in serum free RPMI medium
supplemented with glucose (0.5%). Results are representative of four independent experiments.

analysis confirmed the specificity of MMP-2 protein
(Fig. 2B and C). Moreover, MMP-2 induction was
consistently inhibited when de novo mRNA expression and protein synthesis were inhibited by
actinomycin and cycloheximide, which indicates that
TGF-β1-mediated MMP-2 induction is dependent
on both transcriptional and translational activities.
TG F- β 1 prom otes the chem otaxis o f TH P -1
cells
Since TGF-β1 induces the production of invasionrelated molecules, such as MMP-2, we further investigated whether TGF- β1 modulates the mono-

Fig. 2. Effects of TGF-β isoforms on the expression of
MMP-2 in THP-1 cells. MMP-2 activities present in the
conditioned media from THP-1 cells treated with TGF- β1,
β2, or β3 (10 ng/ml each) were measured (A). Cells were
also pretreated with actinomycin (ACT, 50 nM) or cyclohexmide (CHX, 1 μM) for 30 min, followed by incubating in
the absence or presence of 10 ng/ml TGF-β1 for 24 h.
In parallel, TGF-β1 (20 ng/ml) was preincubated for 30
min at 37 (C with anti-TGF-β1 antibodies (5 μg/ml) or
preimmune IgG (5 μg/ml) before addition to the cell cultures for further incubation for 24 h (B). The immunoblot
(lane 2) of the 68-kDa gelatinase A for verification of MMP2 induced by TGF- β1 was shown in C. Bars on the left
side indicate the locations of 88 and 68 kDa markers and
arrowheads locate MMP-2, respectively. Results are representative of four independent experiments.
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cyte chemotaxis, a key event that plays a critical
role in cell migration into inflamed tissues. As
shown in Fig. 3, THP-1 cells treated with TGF-β1
displayed a greater ability to migrate in a dose
dependent manner than controls in MIP-1 α-mediated chemotaxis assay using a Boyden chamber
system (Fig. 3). Quantitative determination demonstrated an increase of approximately ~35% in the
number of cells migrating across the Transwell
filters by 10 ng/mL of TGF-β1 treatment for 36h.
This result suggests that TGF-β1 promotes the
monocytic cell migration.

TGF- β 1 enhancement of
MIP-1α -induced Chemotaxis (%)

A β 1-42 inh ibits TG F- β 1-indu ced M M P -2 p rod uction and ch em otaxis in TH P -1 cells
To date, the actions of TGF-β1 have centered on
the amyloid plaque metabolism. Since dysregulation of TGF-β1 function is also implicated in
chronic inflammation, it is crucial to unveil synergistic or antagonistic modulation of TGF- β1mediated effect by A β1-42. To this end, we examined the effects of A β1-42 on TGF-β1-induced
MMP2 production and chemotaxis. Of interest, A β
1-42 pretreatment of TGF-β1 resulted in a decrease of MMP-2 activity by ~0.7 and ~0.5 folds at
the concentrations of 10 and 20 μM, respectively
over those seen in TGF-β1-treated cells, where as
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the reverse peptide (A β42-1) elicited little effect
(Fig. 4). Similarly, A β1-42, but not A β42-1, reduced the TGF-β1-dependent increase of the
chemotaxis/cell migration by ~0.7 fold at the concentration of 10 μM over those seen in TGF-β1
-treated cells (Fig. 5). A β1-42 alone also significantly decreased the chemotaxis of monocytes
over the control level. These observations suggest
that A β1-42 inhibited TGF- β1-mediated effects
such as MMP-2 expression and chemotaxis of the
monocytic THP-1 cells.
A β 1-42 inh ibits tran scriptional activation o f
TG F- β 1-indu cible, S B E -containin g p rom o ters
in TH P -1 cells
Given that SBE is present in the promoter region
of MMP-2 (Greene et al., 2003), we further examined the effect of A β1-42 on a well-characterized TGF-β1-inducible, SBE-containing promoterreporter construct, (p3TP-lux, Wrana et al., 1992),
was utilized to examine induction of transcriptional
activity by TGF-β1 in THP-1 cells. TGF-β1 was
efficacious in stimulating transcriptional activation of
luciferase (reporter) expression (Fig. 6). TGF-β1
treatment of transfected THP-1 cells elicited statistically significant inductions of TGF- β1-directed
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Fig. 3. TGF-β1 promotes monocyte chemotaxis. TGF-β1
enhances the chemotaxis capacity of THP-1 cells. Transwell
motility assay demonstrates enhanced cell migration in
THP-1 cells treated with TGF-β1 in a dose dependent
manner. Cells were seeded on Transwell membranes and
incubated for 36 h. Cells that migrated through the pores
of Transwell plates were counted and reported. The data
are the means±S.E.M. (*P ＜0.05, n=5).

Fig. 4. Inhibitory effect of A β1-42 on the TGF-β1induced MMP-2 activity. A β1-42 inhibited the TGF-β1upregulated MMP-2 activity. A β1-42 or A β42-1 were preincubated with 10 ng/ml of TGF-β1 as indicated for 1 h
and then added to THP-1 cell cultures for further incubation for 24 h and zymographic analysis was performed as
described in Fig. 1. Results are representative of four independent experiments.
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Fig. 5. Inhibitory effect of A β1-42 on the TGF-β1-induced
chemotaxis. A β1-42 inhibited the TGF-β1-upregulated chemotaxis. A β1-42 or A β42-1 (2.5 μM each) were preincubated with TGF-β1 (10 ng/ml) for 1 h, then added to
THP-1 cells, and followed by further incubation for 36 h.
The chemotaxis capacity of THP-1 cells was measured as
described in Fig. 3. The data are the means±S.E.M. (*P
＜0.05 versus control and #P ＜0.05 versus TGF-β1
treated cells, n=5).

luciferase activity that were approximately 4-fold
greater than the activity detected in control cell
cultures. Furthermore, A β1-42 significantly inhibited
transcriptional activation of a TGF-β1-inducible
luciferase reporter activity in THP-1 cells by 2.2-fold
whereas the reverse peptide, A β42-1, showed little
effect. Of interest, A β1-42 alone reduced transcriptional activation of a TGF-β1-inducible luciferase
reporter activity by ~0.6 fold over the control level.
Our data suggest that A β can suppress TGF-β1
-induced MMP-2 expression and THP-1 chemotaxis
via inhibition of TGF- β1-mediated gene expression.

D IS C U S S IO N
The results presented in this paper implicate a
critical role for A β1-42 in suppressing the TGF-β1
-mediated MMP-2 induction and chemotaxis via
inhibition of TGF-β1-mediated gene expression in
human THP-1 monocytic cells. This conclusion is

Relative luciferase activity
(Fold stimulation)
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Fig. 6. A β1-42 suppresses transcriptional activation of a
TGF-β1-inducible luciferase reporter plasmid in THP-1 cells.
THP-1 cells were co-transfected by the Effectene transfection method with 1.0 μg of the TGF-β-responsive plasmid p3TP-lux or pRL-CMV and 0.02 μg pRL-CMV for 4 h
followed by 4 h exposure to 10 ng/ml TGF-β1. Cells were
extracted and luciferase activity was measured as described
in Materials and Methods. Pretreatment of TGF- β1 with A
β1-42 consistently suppresses transcriptional activation of
TGF-β1-inducible luciferase reporter plasmid. Luciferase data
are the means±S.E.M of two measurements from a representative experiment that was repeated five times (*P
＜0.05 versus control and #P ＜0.05 versus TGF- β1
treated cells, n=5).

supported by our observations demonstrating first
that TGF-β1 induced MMP-2 expression in timeand dose- dependent manners and also enhanced
MIP-1 α-mediated chemotaxis of monocytes. Second, that A β1-42 pretreatment inhibited the TGF-β
1-induced MMP-2 production. Third, that A β1-42
pretreatment resulted in a marked suppression of
TGF-β1-enhanced chemotaxis of monocytes. Finally, A β1-42 markedly suppressed the transactivation of transfected reporter constructs containing
TGF-β-inducible response elements in TGF-β1
treated cells. Collectively, these data point to the
presence of negative modulation a functional TGFβ1 signaling system by A β1-42 in human monocytic THP-1 cells.
Earlier examination of the promoter sequences of
MMP-2 (gelatinase A) and MMP-9 (gelatinase B)
(Harendza et al., 1995) revealed the presence of a
putative Smad binding element (SBE), which corresponds to the CAGAC consensus site reported by
Dennler's group (1998). Furthermore, TGF- β trans-

Aβ Inhibition of TGF-β1-mediated Function

criptionally regulated both MMP-2 and MMP-9
through direct promoter activation (Han et al.,
2001). Results from the present study demonstrate
that MMP-2 containing putative SBE sites, can be
functionally activated by all three form of TGF-β
isoforms, confirming functionality of the Smadmediated TGF-β signaling pathway and also provides functional confirmation for the presence of the
three TGF-β receptors in THP-1 cells. The minimal
effects of TGF-βs was shown on MMP-9 activity in
THP-1 cells is consistent with published report
(Chang et al., 2001). However, evidence showing
TGF-β1-stimulated MMP-9 production (Santibanez
et al., 2002; Greene et al., 2003) suggests a
complex regulation of MMP-9 depending on the cell
types.
Furthermore, our striking finding for the first time
to our knowledge is that A β1-42 and TGF- β1 have
opposite effects on MMP-2 expression and chemotaxis of monocytes and the basis for this antagonism involves the negative modulation of a
functional TGF-β signaling system by A β1-42. Our
finding that A β1-42 effectively suppressed TGF-β1
-mediated activation of p3TP-lux, a well-characterized TGF-β-responsive construct, which contains
SBEs capable of conferring TGF-β responsiveness
on a luciferase reporterfurther substantiates this
conclusion. This construct has been used extensively to characterize transcriptional responsiveness
to both TGF-β1 and Smads in a variety of primary
cells in culture and established cell lines (Wrana et
al., 1992; Dennler et al., 1998; Greene et al.,
2003). Importantly, we observed that A β1-42 alone,
which did not showed any effect on basal level of
MMP-2, consistently reduced TGF- β1-inducible luciferase reporter activity. This finding confirms the
negative regulation of TGF- β1-mediated gene expression by A β1-42 and also provide the evidence
that A β1-42-mediated reduction of monocyte chemotaxis may occur independent of MMP-2 activity.
The role of TGF-βs in A β function apparently
exerts both beneficial and deleterious effects in
neuronal cells through the same high-affinity cell
surface receptor system. Of significant interest, TGFβ1 was shown to be protective creating an environment favorable for cell survival of death-inducing
insults, against a wide variety of death-inducing
agents/insults, including A β, hypoxia/ischemia, gluta-
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mate excitotoxicity, oxidative damage, and human
immunodeficiency virus (Prehn et al., 1996; Ren
and Flanders, 1996; Ren et al., 1997; Flanders et
al., 1998; Dhandapani and Brann, 2003). Furthermore, chronic neuroinflammation could represent
the result of a failure in the anti-inflammatory
mechanism, in which a significant reduction in the
biological function of immunosuppressive cyokines
such as TGF-β1 results in the defective suppression of the inflammatory process and the
unrestrained production of proinflammatory cytokines
such as TNF-α, thus leading to neurodegenerative
disease. In this context, the TGF-β antagonistic
activities of A β, as reported in this study, would be
detrimental and may play an important role in the
pathogenesis of the disease. Nevertheless, recent
studies suggest the possibility of indirect neurotoxic
role for TGF-β in terms of its promoting effect of
perivascular inflammation and/or amyloid deposition
(Grammas and Ovase, 2002; Lesne et al., 2003;
Mazur-Kolecka et al., 2003). This deleterious effect
is strengthened by a direct, receptor-independent
interaction between TGF- β and A β, which enhances A β oligomerization leading to potentiation
of the neurotoxic effects of the A β (Mousseau et
al., 2003).
Likewise, contrasting results on involvement of
MMPs in AD are also present in the literature.
Previous studies indicated that MMPs are involved
in A β degradation (Backstrom et al., 1996; Carson
and turner 2002) and increased MMP expression
levels, in particular MMP-9, have been observed in
the plasma and the proximity of extracellular amyloid plaques, in the brain tissues from the AD
patients whereas plasma levels of MMP-2 found to
be unchanged (Backstrom et al., 1992; Asahina et
al., 2001; Lorenzl et al., 2003). Recent study has
also demonstrated that pathogenic A β stimulates
the expression and activation of MMP-2 and these
activities may contribute to loss of vessel wall
integrity in CAA (Jung et al., 2003), a major
pathological feature of AD and related disorders
(Cordoliani-Mackoviak et al., 2003). These findings
together suggest that MMPs may influence the
stability of ECM or other MMP substrates. Further
studies remain to elucidate a critical role of MMP-2
in the neurotrophic/neurotoxic events associated
with AD.
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In conclusion, as both glial cells and monocytes
have been shown to express TGF-β (Peress and
Perillo, 1995) and to respond to TGF-β stimulation
(Finch et al., 1993), our findings support the notion
that specific concentrations and combinations of A
β1-42 and TGF- β1 encountered during the immune response at inflammatory foci provide a
balanced system for regulating MMP-2 activities
and chemotaxis that are associated with AD pathogenesis. Overall, these data suggest that A β
could negatively modulate TGF-β-mediated biological functions.
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