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Ineffective levels of transforming growth factors and their receptor
account for old age being a risk factor for Alzheimer’s disease
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Abstract After the midninth decade of age, the incidence rates of Alzheimer’s disease (AD) and the pres-
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ence of active TGF-b1 show comparable increases. The hypothesis is proposed that the reason why
advanced age is a major risk factor for AD is a progressive decrease with advancing age in the
numbers of TGFR2 receptors in the brain, with the consequence of a decline in the neurotrophic ef-
ficacy of TGF-b1 and 2 despite their already increased levels in older persons. Alternative, possible
reasons are discussed but rejected because either those reasons may also affect young persons or
because they cannot be validated in a clinical trial. The proposed hypothesis may be validated in per-
sons with aMCI after raising their brain levels of TGF-b1 and 2 by using a combination of three drugs,
lithium, memantine, plus either glatiramer or venlafaxine, and then assessing their progression to AD.
� 2019 The Author. Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
1. Introduction

Its escalating occurrence with increasing age is one of the
most remarkable features of nonfamilial Alzheimer’s dis-
ease (AD) but as of yet is inadequately explained. Its correct
explanation would have heuristic value. Although it has been
held that age is a necessary factor merely by virtue of the
gradual accumulation of many deleterious events [1], this
argument fails because many individuals would be exposed
to all of those presumably necessary events at a much
younger age than do others, creating a continuum of AD
incidence between youth and a very old age; observation
shows that this does not happen except for familial AD.
Thus, it might be worthwhile to make an attempt to account
for why spontaneous AD largely occurs after age 70.
1.1. Clues obtained from other conditions that also are
seldom seen in persons less than age 50

Very few other conditions are so strongly related to old
age as is AD; two of these are temporal (giant cell) arteritis
and prostate cancer. Temporal arteritis seldom occurs be-
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tween ages 50 and 60 and is mostly seen after age 70. Brack
et al. [2] showed that temporal arteries taken from patients
with this condition and implanted into humanized mice, pro-
duced large quantities of TGF-bmRNA; and it is the cells in
the walls of such temporal arteries that produced TGF-b1
[3]. With regard to prostate cancer, Steiner and Barack in-
jected cells that overexpressed TGF-b into animals trans-
fected with a prostate cancer cell line and saw that those
animals had 50% larger tumors and 52%more lung metasta-
ses, than had control animals [4]. dos Reis et al. [5] saw
significantly (P , .002) higher expression level of TGF-b
in patients with prostate cancer having Gleason scores �7
than in those with Gleason scores ,7.

1.2. The above reports draw attention to the possibility of
TGF-b as being related to the association of Alzheimer’s
disease with advanced age

In the nervous system both TGF-b1and TGF-b2 benefit
nerves, microglia, and astrocytes, all of which participate
in the pathogenesis of AD [6]. In nondemented persons,
levels of TGF-b2 rise with increasing age up to age 1001;
and so also are levels of TGF-b increased in AD as age ad-
vances. But in that respect, the important difference between
nondemented persons and AD patients, is that in the AD
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brain the receptor for TGF-b, that is, TGFR2, is about 50%
lower than normal, which minimizes the downstream neuro-
trophic benefits of the high levels of TGF-b. Thus, even
higher levels than those observed in AD are required to over-
come the bottleneck effect of low TbR2 levels. The above
data suggest a hypothesis that low levels of brain TGFR2
plus an inadequately high level of TGF-b1 and TGF-b2, ac-
count for the strong correlation between AD and age. The
heuristic value lies in the fact that drugs are available that
will increase the levels of TGF-b. Following is the detailed
evidence providing for the above statements.
1.3. Levels of TGFb-1 and TGFb-2 are stable until age
approximately 85 then increase up to age 1001. Likewise,
it is at age 86 when the annual incidence of Alzheimer’s
disease suddenly also increases

Young et al. [7] saw no difference in TGF-b levels be-
tween age 22 and 58; and Peterson et al. [8] showed that at
ages 29.9 and 79, healthy individuals had identical levels
of TGF-b. In healthy Japanese, there is either a slight fall
in TGF-b levels between ages 40 and 79 [9] or no change be-
tween ages 17 and 70 [10]. However, at later ages, data re-
ported by Forsey et al. [11] showed that the plasma level
of TGF-b1 suddenly jumped by 2.2-fold at age 86 as
compared with age 32–59 and continued to rise at even
higher ages so that it was 31% higher at ages 90–94 than
at age 86. Likewise, Carrieri et al. [12] compared TGF-b
levels in persons aged 20–60 with those of 73 centenarians.
Male centenarians had 60% higher levels of TGF-b, and fe-
male centenarians had 27% higher levels, than had the
younger males and females. In brief, in nondemented per-
sons, there is a sudden rise in levels of TGF-b at the age of
about 86, the same approximate age when there is also a sud-
den rise in the annual incidence of AD. Hebert et al. [13],
estimated the future, annual incidence of AD in 1601 per-
sons aged 65 and older who were initially free of AD. There
was a 14-fold higher incidence at age 851 than at age 65–69,
and a 2.6-fold higher incidence at age 851 than at age 80–
84. Other data from Gao et al. [14] show that the incidence
of all-cause dementia continues to rise so that at age
951 it is now 37.5% more than at age 85–94. The inflection
point is in the midninth decade of life.
1.4. TGF-b1 and TGF-b2 are neurotrophic

TGF-b1 and TGF-b2, interact with a receptor complex of
ALK5 and TGR2; their binding to TGR2 causes its phos-
phorylation that in turn activates Smads, which are signal
transducers that translocate to the nucleus and regulate
gene expression. Most, but not all, reports show that in the
brain, TGF-b1 and TGF-b2 cause neurotrophism, neural
protection, synaptic transmission, and neural plasticity. Car-
aci et al. [15] found that administration of exogenous TGF-
b1 converted early-phase LTP into late-phase LTP; that
block of endogenous TGF-b1 impaired LTP and object
recognition memory, both rescued by administration of
exogenous TGF-b1; and that one of the effects of TGF-b1
correlates with increased expression of pCREB, which has
several beneficial effects on brain function [6]. Kandasamy
et al. [16] showed that although TGF-b1 promotes stem
cell quiescence, it also promotes neuronal survival. Wachs
et al. [17] studied neural stem and progenitor cells derived
from the adult rat subventricular zone. TGF-b1 markedly in-
hibited growth of those cells, whereas TGF-b2 did not do so.
Cell cycle analysis showed that TGF-b1 induced a shift from
the G2/M- and S-phases toward the G0/1 phase. However,
TGF-b1 did not affect expression of differentiating markers
such as nestin, TGF-R2, or GFAP. Finally, a recent study
showed that decrease in circulating TGF-b1 prevented re-
myelination in toxin-induced demyelination and administra-
tion of exogenous TGF-b1 promoted remyelination; and in
an animal model of multiple sclerosis, TGF-b1 restored
neurologic function [18]. Related to this, Tarkowski et al.
[19] found that MCI patients who converted to AD at
follow-up had 30% lower TGF-b than had MCI patients
who did not convert; and that those patients with MCI who
did not progress to AD had closely similar (only 6.2% lower)
levels of TGF-b than controls. Thus, the net overall effect of
TGF-b1 and TGF-b2 is neurotrophic. An important effect of
Smads is to effect transcription of genes that regulate micro-
RNA formation which, as will be seen (below) determine,
via TGFR2, whether local levels of TGF-b are adequate to
support neurotrophism. For more details of TGF-b’s com-
plex mechanism of action in the brain, the reader is referred
to refs [15,20–22].
1.5. Even in the face of neuronal loss, TGF-b1 and TGF-
b2 are paradoxically increased in the Alzheimer’s disease
brain

Neuronal loss is a critical early element in the genesis of
AD, and although observations in patients with AD show
varying blood levels of TGF-b [23–25], for CSF, which
more closely reflects levels in the brain, all five reports
showed levels of TGF-b1 as being increased, from 1.1-fold
to as much as sixfold [19,23,26–28]. Nevertheless and an
apparent paradox, Buckwalter et al. [29] found that chronic
overproduction of TGF-b1 in mouse brains resulted in a pro-
found decrease in neurogenesis. It is necessary to address
this paradox, that is, that TGF-b1 is neurotrophic, yet with
high levels it impairs neurogenesis.
1.6. Explanation of the paradox. Levels of both Smads and
TGFR2 in the brain of Alzheimer’s disease are reduced,
each of which serves to minimize the downstream,
neurotrophic benefits of high levels of TGF-b1 and TGF-b2

In their review, von Bernhardi et al. [30] noted
impaired Smad3 signaling but increased levels of activated
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Smad2 in AD hippocampi and that phosphorylated
Smad2/3 remains in the cytoplasm of neurons, instead of
translocating into the nucleus. Tesseur et al. [31] examined
the prefrontal cortex from 17 patients with AD of average
age 80.5, and from 8 controls of average age 79.0.
Compared with controls, the level of TGFR2 in AD brains
was 50% less; and AD patients with MMSE scores 0–25
had significantly lower levels of TGFR2. Tesseur et al.
also found in a mouse model of AD that reducing neuronal
TGF-b signaling in mice resulted in age-dependent neuro-
degeneration and promoted Ab accumulation and den-
dritic loss.
1.7. TGF-b1, TGF-b2, astrocytes, microglia, and age

Astrocytes produce both TGF-b1 and TGF-b2; Dhan-
dapani et al. [32] demonstrated that both TGF-b1 and
TGF-b2 are released by astrocytes and that both TGF-
b1 and TGF-b2 are neuroprotective via phosphorylation
and activation of c-Junser263. Astrocytes and microglia
both have a unique signature that is dependent on TGF-
b signaling [33] and have their anti-inflammatory
activation repressed by TGF-b1 [34]. Moreover, in the
hippocampus, signaling by microglial TGF-b1 via the
Smad3 pathway is impaired in aging [35]. Mosher and
Wyss-Coray pointed to the commonalities between the ef-
fects of aging and AD and suggested that “microglia may
thus be primed such that additional stimuli cause them to
become overreactive leading to neurodegeneration and
AD” [36].
1.8. MicroRNAs and Alzheimer’s disease

What determines that TGF-b is increased with age in both
nondemented persons and AD? MicroRNAs (miRNAs) may
be the explanation. MiRNA are noncoding RNAs containing
only 22 nucleotides that can affect posttranscriptional
expression of genes either positively or negatively; they
are widely expressed in the brain and thus influence multiple
brain functions. In Satoh’s summary of 14 published studies
of various miRNAs in the brains of 222 AD patients, down-
regulation of miRNAwas 1.4-times more frequent than up-
regulation [37]. In a systematic review of the literature,
Swarbrick et al. [38] found 27 articles that showed 250 miR-
NAs as being deregulated in the blood of AD patients
compared with aged controls, and there was increasing
deregulation with increasing Braak stage. A particular
miRNA, 106b, was noted by Hebert et al. [13] as decreased
in 19 patients with AD as compared with 13 controls, the sig-
nificance of which is emphasized by the demonstration of
Brett et al. [39] that the miRNA 106b-25 cluster promotes
proliferation of neural stem cells (NSCs) and that knock-
down of miR-25 decreased NSCs/progenitor cells’ prolifer-
ation.
1.9. Which all leads to a hypothesis that one reason for the
association of Alzheimer’s disease with advanced age is
that the decrease in TGFR2, possibly determined by
deregulated miRNA, leads to reduced efficacy of TGF’s
neurotrophic effect

The hypothesis suggested here is that the basis of AD and
its dependence on advanced age is the progressive decrease
with advancing age in the numbers of TGFR2 receptors in
the brain possibly caused by effects of an mRNA such as
106b. Its consequence is that the neurotrophic benefits of
TGF-b1 and TGF-b2 are impaired and that in AD the
compensatory increases of their levels in plasma and CSF
are inadequate. The hypothesis may be supported by raising
to adequate levels, for example, to double existing ones,
TGF-b1 and TGF-b2, in patients with amnestic MCI and
showing that this increase impedes the progression of MCI
to AD.
1.10. Counterpoints to the proposed mechanism

Highlighted in this section are competing hypotheses
relating age and AD together with counter-points. There
are many factors with an undoubted pathogenetic effect
yet few correlate with age. Notable suggestions to account
for the age factor include roles for oxidative and free radical
stress, mitochondrial dysfunction, insulin resistance, inflam-
mation involving microglia and astrocytes, telomere short-
ening and other genetic aberrancies, and environmental
inputs. There are counterweights for many of those sugges-
tions.

Against oxidative stress is that healthy centenarians had
lower oxidative stress compared with subjects aged 70–99,
as shown by lower levels of malondialdehyde and higher
levels of GSH [40]. Others have examined mitochondrial
dysfunction and insulin resistance as accounting for the
role of age in AD; but in fact those indicate participation
of TGF-b1, because Bohm et al. [41] demonstrated that
TGF-b1 induces insulin resistance but also downregulates
mitochondrial genes. They studied the effects of TGF-b1
on metabolic parameters of human skeletal muscle cells in
culture and showed significantly decreased amounts of
mRNA for PPARGC1A, PRKAA2, the mitochondrial tran-
scription factor TFAM, and key regulators of oxidation,
HADHA and CPT1B. Those decreases were prevented by
cotreatment with the TGF-b1 receptor 1 antagonist
SB431542. It is notable that TGF-b1 treatment of myotubes
also had an inhibitory effect on insulin signaling since it
reduced insulin-stimulated phosphorylation of Akt/protein
kinase B. Hoffmann et al. [42] provided supporting data
for effects onmitochondria by showing that TGF-b1 reduced
complex 1V abundance in myotubes.

Next, the role of inflammation in the brain has been
examined quite extensively in connection with age and
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AD. Blasko et al. [26] showed that senescence of the innate
immune system can be associated with a proinflammatory
status of glial cells. Mosher and Wyss-Coray have provided
data that support a major role for changes in microglial func-
tions in both the healthily aging brain and the AD brain, and
this overlap could account for the association between age
and AD [36]. A counterpoint to that suggestion is that Hoo-
zemans et al. [43] saw a waning of inflammation with age in
the brains of both controls and AD. They examined the pres-
ence of both microglia and astrocytes in many areas of the
brains using antibodies against CD68 and HLA-DP/DQ/
DR to identify microglia and against GFAP to identify astro-
cytes In AD, they saw (Fig. 1 [43]) .twofold fewer micro-
glia in those aged .80 as in those younger than age 80,
and threefold fewer astrocytes in those aged.80 as in those
younger than age 80. Further, a role for TGF-b1 in the for-
mation and function of microglia was established in exten-
sive studies made by Butovsky et al. [33].

Environmental inputs to the pathogenesis of AD are well
known and supported by the prevalence of AD in Africans
living in Africa as being significantly less than in African
Americans [44]. As already indicated, most of the above fac-
tors may apply at any age, not just in advanced age.

Concerning the role of genetic inputs, Pedersen et al. [45]
explained that different estimates of heritability may be seen
by prevalence and incidence studies because there is a
decreased likelihood of survival bias in incidence studies
as compared with prevalence studies, whereas incidence
studies only capture exposures relevant for new cases rather
than effects of lifelong exposures. In a prevalence study of
twin pairs aged 65 or older, Gatz et al. [46] identified 65
twin pairs, with a concordance rate for AD among the mono-
zygotic pairs of 67%, whereas for dizygotic pairs the concor-
dance rate was 22%; they estimated heritability at .74 for the
liability to AD, with the remaining variance attributed to
environmental influences. In an incidence study, Pedersen
et al. [45] identified a cohort of 662 pairs of twins aged
52–98, who at baseline were without symptoms of dementia
and had been followed for an average of 5 years, during
which time 5.8% was diagnosed with AD at a mean age of
83.9 years. There were 26 monozygotic twins among which
at least one twin developed AD that in 5 (19.2%) of themwas
concordant; and there were 44 dizygotic twins among which
at least one twin developed AD that in 2 (4.5%) of them was
concordant. Their results based on incident cases suggest a
lower heritability and greater influence of environmental in-
fluences than reported in previous twin studies of prevalent
cases, and their results provided no evidence that heritability
is lower in those older than 80 years of age than in younger
ages. Although heritability estimates for incident disease
were far lower than those for prevalent disease, the impor-
tance of genetic factors for liability to AD is considerable
even late in life. Whether calculations of genetic influences
are based on incidence or prevalence, their importance is
indisputable; and it is relevant that the hypothesis proposed
here incorporates genetic influences via the role of Smads in
the transcription of mRNAs, and the effect of miRNA on
gene expressions. Finally, it is the issue of telomere short-
ening in AD, shown by Forero et al. [47] in a meta-
analysis of 13 studies involving 860 AD patients and 2022
controls. It is unclear, however, if telomere shortening is
anything more than a biological indicator, that is, a surro-
gate, of the aging process.

Together, the factors mentioned in this section may be re-
garded as forming a complex system in which, as explained
elsewhere [6], all of the factors interact in interdependent
ways. It might be argued, based on complexity theory, that
the reason why age is involved is because after a certain
number of years, one or more interactions become more
intense and exceed a critical threshold, causing the equilib-
rium to partially collapse, leading to MCI; and later, addi-
tional factor(s) or a heightened intensity of existing ones,
results in complete system collapse and dementia. Neverthe-
less, that scenario is inadequate because it does not explain
precisely why the time duration causing changes in cogni-
tion, whether MCI or AD, does not apply to far younger per-
sons—of age, for example, 30–40 years—than is observed.
An explanation suggested by Gatta et al. [48] is based on
overlapping changes between AD model mice at 3 months
of age and wild-type mice at 12 months of age, indicating
the possibility that expression of aging-related genes occurs
earlier in AD, which is certainly plausible and could depend
on miRNAs. Supporting this, Podtelezhnikov et al. [49]
examined three different regions in .600 brains from non-
demented controls, patients with Huntington’s disease, and
patients with AD, representing.31,000 unique genes. Their
analysis indicated that the same expressions of genes and the
major biological processes initiated thereby, started in the
PFC of normal brains and continued in AD brains; although
principal component analysis showed significant correlation
with normal aging (r5 .58), that correlation did not exist in
AD brains (r 5 .10). Podtelezhnikov et al. calculated what
they term a BioAge score, which is based on the mean
expression levels of the comprising genes at different ages.
They found that the BioAge of the most advanced AD brains
corresponds in nondemented subjects to an extrapolated age
of 140 years.

In brief, the aggregate of genetic studies suggests strongly
that gene expression is a possible reason why age is a major
risk factor for AD. The pragmatic problem with this, howev-
er, is twofold. First, it recalls the statement attributed to Al-
bert Einstein, “everything should be made as simple as
possible, but not simpler”; the gene expression hypothesis
is anything but simple because of the large number of genes
that it invokes. Second, even though it cannot be made
simpler, the multiplicity of gene expressions inherent in
the explanation prevents it from the requisite of being vali-
dated.

A different and far simpler argument, consistent with
Einstein’s dictum, is basically the hypothesis proposed
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here, that places TGF-b1 as the single element deter-
mining outcome because it controls so many of the other
participating factors. Two observations together explain
both the deteriorated cognition leading to AD and old
age as being the dominant risk factor. First that TGF-b1
increases dramatically in normal aging, especially after
age 86 in humans [11], and in rats [50]. Second, that a
decreased number of TGF-b receptors with advancing
age of the brain, reduces the effective neurotrophism of
TGF-b despite its increased level.
1.11. Validation of the hypothesis

The hypothesis could be validated by increasing the
levels of TGF-b and demonstrating that this prevents pro-
gression of aMCI to AD. Several drugs are available that
increase the levels of TGF-b: those known to act in the
brain and not only in peripheral blood include glatiramer,
lithium, memantine, and venlafaxine. Lithium and mem-
antine are interesting because they are among the drugs
suggested elsewhere as potentially useful in decreasing
the progression from aMCI to AD (Fessel J. TRCI 2019,
In Press).

002Lithium approximately doubled the production of
TGF-b1 by cortical astrocytes [15]. Lee et al. [51] gave
memantine in a dosage of only 5 mg daily to a group
of patients in a methadone maintenance program to deter-
mine if the resulting, changed cytokine levels was benefi-
cial; after 12 weeks, the level of TGF-b1 was significantly
increased. Glatiramer was shown by Aharoni et al. [52] to
approximately double the amount of TGF-b produced by
TH2 lymphocytes in the brain. Finally, Zepeda et al.
[53] found that venlafaxine increased the production of
TGF-b by approximately fivefold in the penumbra of a ce-
rebral infarct and by .threefold in the unaffected hemi-
sphere.

The outline of a clinical trial that could be used to validate
the hypothesis was provided elsewhere (Fessel J. TRCI 2019
In Press). Because there is no basis for knowing by what de-
gree the production of TGF-b needs to be raised a combina-
tion of three drugs should be used in a clinical trial: lithium
plus memantine, together with either glatiramer or venlafax-
ine. That triple combination would be administered to pa-
tients with aMCI, and its effect assessed on their
progression to AD.
2. Conclusion

Evidence supports the hypothesis that the reason for the
association of older age with AD is a level of TGF-b that
is rendered inadequate because of decreased brain levels of
its receptor TGFR2. Validation could be obtained by a clin-
ical trial assessing whether raising brain levels of TGF-b in
patients with aMCI, by using lithium and memantine,
together with either glatiramer or venlafaxine, impedes pro-
gression to AD.
RESEARCH IN CONTEXT

1. Systematic review: Published data show TGF-b is
neurotrophic; in healthy individuals, its levels are
stable until ~85 years of age then increase up to the
age of 1001 years; coordinately, the annual inci-
dence of Alzheimer’s disease (AD) also suddenly in-
creases after the age of 85 years; just as TGF-b levels
in healthy individuals aged 85–1001 years, its levels
are, paradoxically, also increased in the brain of pa-
tients with AD; but levels of TGF-b receptor 2
(TGFbR2) is only 50% of the normal level in the
brain of patients with AD; compared with the aged
controls, microRNAs in AD are deregulated, and
there is increasing deregulation with increasing
Braak stage.

2. Interpretation: The aforementioned data suggest a
hypothesis that one reason for the association of
AD with advanced age is that the decrease in
TGFbR2, possibly determined by deregulated micro-
RNAs, leads to reduced efficacy of TGF-b’s neuro-
trophic effect.

3. Future directions: The hypothesis may be validated
by increasing the levels of TGF-b and demonstrating
that this overcomes the bottleneck caused by dimin-
ished TGFbR2 and prevents the progression of am-
nestic mild cognitive impairment to AD.
Glatiramer, lithium, memantine, and venlafaxime
are available drugs that increase levels of TGF-b; a
triple combination of lithium and memantine plus
either glatiramer or venlafaxime might be used in a
clinical trial to assess whether this impedes the pro-
gression from mild cognitive impairment to AD.
References

[1] Nehls M. Unified theory of Alzheimer’s disease (UTAD): implications

for prevention and curative therapy. J Mol Psychiatry 2016;4:3.

[2] Brack A, Rittner HL, Younge BR, Kaltschmidt C, Weyand CM,

Goronzy JJ. Glucocorticoid-mediated repression of cytokine gene

transcription in human arteritis-SCID chimeras. J Clin Invest 1997;

99:2842–50.

[3] Weyand CM,Wagner AD, Bj€ornsson J, Goronzy JJ. Correlation of the

topographical arrangement and the functional pattern of tissue-

infiltrating macrophages in giant cell arteritis. J Clin Invest 1996;

98:1642–9.

[4] Steiner MS, Barrack ER. Transforming growth factor-beta 1 overpro-

duction in prostate cancer: effects on growth in vivo and in vitro. Mol

Endocrinol 1992;6:15–25.

[5] Reis ST, Pontes-J�unior J, Antunes AA, Sousa-Canavez JM, Abe DK,

Cruz JA, et al. Tgf-b1 expression as a biomarker of poor prognosis

in prostate cancer. Clinics (Sao Paulo) 2011;66:1143–7.

http://refhub.elsevier.com/S2352-8737(19)30093-9/sref1
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref1
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref2
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref2
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref2
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref2
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref3
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref3
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref3
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref3
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref3
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref4
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref4
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref4
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref5
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref5
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref5
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref5


J. Fessel / Alzheimer’s & Dementia: Translational Research & Clinical Interventions 5 (2019) 899-905904
[6] Fessel WJ. Concordance of several subcellular interactions initiates

Alzheimer’s dementia: their reversal requires combination treatment.

Am J Alzheimers Dis Other Demen 2017;32:166–81.

[7] Young D, Skibinski G, Mason J, James K. The influence of age and

gender on serum dehydroepiandrosterone sulphate (DHEA-S), IL-6,

IL-6 soluble receptor (IL-6 sR) and transforming growth factor beta

1 (TGF-b1) levels in normal healthy blood donors. Clin Exp Immunol

1999;117:476.

[8] Peterson PK, Chao CC, Carson P, Hu S, Nichol K, Janoff EN. Levels of

tumor necrosis factor a, interleukin 6, interleukin 10, and transforming

growth factor b are normal in the serum of the healthy elderly. Clin

Infect Dis 1994;19:1158–9.

[9] Lin Y, Nakachi K, Ito Y, Kikuchi S, Tamakoshi A, Yagyu K, et al. Var-

iations in serum transforming growth factor-b1 levels with gender, age

and lifestyle factors of healthy Japanese adults. Dis Markers 2009;

27:23–8.

[10] Okamoto Y, Gotoh Y, Uemura O, Tanaka S, Ando T, Nishida M. Age-

dependent decrease in serum transforming growth factor (TGF)-beta 1

in healthy Japanese individuals; population study of serum TGF-beta 1

level in Japanese. Dis Markers 2005;21:71–4.

[11] Forsey R, Thompson J, Ernerudh J, Hurst T, Strindhall J, Johansson B,

et al. Plasma cytokine profiles in elderly humans. Mech Ageing Dev

2003;124:487–93.

[12] Carrieri G, Marzi E, Olivieri F, Marchegiani F, Cavallone L,

Cardelli M, et al. The G/C915 polymorphism of transforming growth

factor b1 is associated with human longevity: a study in Italian cente-

narians. Aging Cell 2004;3:443–8.

[13] H�ebert SS, Horr�e K, Nicola€ı L, Bergmans B, Papadopoulou AS,

Delacourte A, et al. MicroRNA regulation of Alzheimer’s Amyloid

precursor protein expression. Neurobiol Dis 2009;33:422–8.

[14] Gao S, Hendrie HC, Hall KS, Hui S. The relationships between age,

sex, and the incidence of dementia and Alzheimer disease: a meta-

analysis. Arch Gen Psychiatry 1998;55:809–15.

[15] Caraci F, Battaglia G, Bruno V, Bosco P, Carbonaro V, Giuffrida ML,

et al. TGF-b1 pathway as a new target for neuroprotection in Alz-

heimer’s disease. CNS Neurosci Ther 2011;17:237–49.

[16] Kandasamy M, Lehner B, Kraus S, Sander PR, Marschallinger J,

Rivera FJ, et al. TGF-beta signalling in the adult neurogenic niche pro-

motes stem cell quiescence as well as generation of new neurons. J Cell

Mol Med 2014;18:1444–59.

[17] Wachs F-P, Winner B, Couillard-Despres S, Schiller T, Aigner R,

Winkler J, et al. Transforming growth factor-b1 is a negative modulator

of adult neurogenesis. J Neuropathol Exp Neurol 2006;65:358–70.

[18] Hamaguchi M, Muramatsu R, Fujimura H, Mochizuki H, Kataoka H,

Yamashita T. Circulating transforming growth factor-b1 facilitates re-

myelination in the adult central nervous system. eLife 2019;8:e41869.

[19] Tarkowski E, Issa R, Sj€ogren M, Wallin A, Blennow K, Tarkowski A,

et al. Increased intrathecal levels of the angiogenic factors VEGF and

TGF-b in Alzheimer’s disease and vascular dementia. Neurobiol Ag-

ing 2002;23:237–43.

[20] Davis BN, Hilyard AC, Lagna G, Hata A. SMAD proteins control

DROSHA-mediated microRNA maturation. Nature 2008;454:56.

[21] Heldin C-H, Miyazono K, Ten Dijke P. TGF-b signalling from cell

membrane to nucleus through SMAD proteins. Nature 1997;390:465.

[22] Wang H, Liu J, Zong Y, Xu Y, Deng W, Zhu H, et al. miR-106b aber-

rantly expressed in a double transgenic mouse model for Alzheimer’s

disease targets TGF-b type II receptor. Brain Res 2010;1357:166–74.

[23] Chao C, Ala T, Hu S, Crossley KB, ShermanR, Peterson P, et al. Serum

cytokine levels in patients with Alzheimer’s disease. Clin Diagn Lab

Immunol 1994;1:433–6.

[24] Malaguarnera L, Motta M, Di Rosa M, Anzaldi M, Malaguarnera M.

Interleukin-18 and transforming growth factor-beta 1 plasma levels in

Alzheimer’s disease and vascular dementia. Neuropathology 2006;

26:307–12.

[25] Swardfager W, Lanctôt K, Rothenburg L, Wong A, Cappell J,

Herrmann N. A meta-analysis of cytokines in Alzheimer’s disease.

Biol Psychiatry 2010;68:930–41.
[26] Blasko I, Stampfer-Kountchev M, Robatscher P, Veerhuis R,

Eikelenboom P, Grubeck-Loebenstein B. How chronic inflammation

can affect the brain and support the development of Alzheimer’s disease

in old age: the role ofmicroglia and astrocytes.AgingCell 2004;3:169–76.

[27] Rota E, Bellone G, Rocca P, Bergamasco B, Emanuelli G, Ferrero P.

Increased intrathecal TGF-b1, but not IL-12, IFN-g and IL-10 levels

in Alzheimer’s disease patients. Neurol Sci 2006;27:33–9.

[28] Zetterberg H, Andreasen N, Blennow K. Increased cerebrospinal fluid

levels of transforming growth factor-b1 in Alzheimer’s disease. Neu-

rosci Lett 2004;367:194–6.

[29] Buckwalter MS, Yamane M, Coleman BS, Ormerod BK, Chin JT,

Palmer T, et al. Chronically increased transforming growth factor-b1

strongly inhibits hippocampal neurogenesis in aged mice. Am J Pathol

2006;169:154–64.

[30] Von Bernhardi R, Eugen�ın-von Bernhardi L, Eugen�ın J. Microglial cell

dysregulation in brain aging and neurodegeneration. Front Aging Neu-

rosci 2015;7:124.

[31] Tesseur I, Zou K, Esposito L, Bard F, Berber E, Can JV, et al. Defi-

ciency in neuronal TGF-b signaling promotes neurodegeneration

and Alzheimer’s pathology. J Clin Invest 2006;116:3060–9.

[32] Dhandapani KM, Hadman M, De Sevilla L, Wade MF, Mahesh VB,

Brann DW. Astrocyte protection of neurons role of transforming

growth factor-b signaling via a c-Jun-AP-1 protective pathway. J

Biol Chem 2003;278:43329–39.

[33] Butovsky O, Jedrychowski MP, Moore CS, Cialic R, Lanser AJ,

Gabriely G, et al. Identification of a unique TGF-b–dependent molec-

ular and functional signature in microglia. Nat Neurosci 2014;17:131.

[34] Kim IY, AhnH-J, Lang S, OefeleinMG, Oyasu R, Kozlowski JM, et al.

Loss of expression of transforming growth factor-beta receptors is

associated with poor prognosis in prostate cancer patients. Clin Cancer

Res 1998;4:1625–30.

[35] Tichauer JE, Flores B, Soler B, Eugen�ın-von Bernhardi L, Ram�ırez G,

von Bernhardi R. Age-dependent changes on TGFb1 Smad3 pathway

modify the pattern of microglial cell activation. Brain Behav Immun

2014;37:187–96.

[36] Mosher KI, Wyss-Coray T. Microglial dysfunction in brain aging and

Alzheimer’s disease. Biochem Pharmacol 2014;88:594–604.

[37] Satoh J. Molecular network of microRNA targets in Alzheimer’s dis-

ease brains. Exp Neurol 2012;235:436–46.

[38] Swarbrick S, Wragg N, Ghosh S, Stolzing A. Systematic review of

miRNA as biomarkers in Alzheimer’s disease. Mol Neurobiol 2019;

56:6156–67.

[39] Brett JO, Renault VM, Rafalski VA, Webb AE, Brunet A. The micro-

RNA cluster miR-106b~ 25 regulates adult neural stem/progenitor cell

proliferation and neuronal differentiation. Aging (Albany NY) 2011;

3:108.

[40] Paolisso G, TagliamonteMR, RizzoMR,Manzella D, Gambardella A,

Varricchio M. Oxidative stress and advancing age: results in healthy

centenarians. J Am Geriatr Soc 1998;46:833–8.

[41] B€ohm A, Hoffmann C, Irmler M, Schneeweiss P, Schnauder G,

Sailer C, et al. TGF-b contributes to impaired exercise response by

suppression of mitochondrial key regulators in skeletal muscle. Dia-

betes 2016;65:2849–61.

[42] Hoffmann C, H€ockele S, Kappler L, de Angelis MH, H€aring H-U,

Weigert C. The effect of differentiation and TGFb on mitochondrial

respiration and mitochondrial enzyme abundance in cultured primary

human skeletal muscle cells. Sci Rep 2018;8:737.

[43] Hoozemans JJ, Rozemuller AJ, van Haastert ES, Eikelenboom P, van

Gool WA. Neuroinflammation in Alzheimer’s disease wanes with age.

J Neuroinflammation 2011;8:171.

[44] Hendrie HC, Ogunniyi A, Hall KS, Baiyewu O, Unverzagt FW,

Gureje O, et al. Incidence of dementia and Alzheimer disease in 2

communities: Yoruba residing in Ibadan, Nigeria, and African Amer-

icans residing in Indianapolis, Indiana. JAMA 2001;285:739–47.

[45] PedersenNL, GatzM, Berg S, Johansson B. How heritable is Alzheim-

er’s disease late in life? Findings from Swedish twins. Ann Neurol

2004;55:180–5.

http://refhub.elsevier.com/S2352-8737(19)30093-9/sref6
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref6
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref6
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref7
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref7
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref7
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref7
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref7
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref8
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref8
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref8
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref8
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref9
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref9
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref9
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref9
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref10
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref10
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref10
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref10
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref11
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref11
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref11
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref12
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref12
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref12
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref12
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref13
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref13
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref13
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref13
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref13
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref13
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref14
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref14
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref14
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref15
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref15
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref15
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref16
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref16
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref16
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref16
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref17
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref17
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref17
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref18
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref18
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref18
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref19
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref19
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref19
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref19
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref19
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref20
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref20
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref21
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref21
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref22
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref22
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref22
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref23
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref23
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref23
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref24
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref24
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref24
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref24
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref25
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref25
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref25
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref25
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref26
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref26
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref26
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref26
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref27
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref27
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref27
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref28
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref28
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref28
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref29
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref29
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref29
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref29
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref30
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref30
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref30
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref30
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref30
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref31
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref31
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref31
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref32
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref32
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref32
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref32
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref33
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref33
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref33
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref34
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref34
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref34
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref34
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref35
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref35
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref35
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref35
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref35
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref35
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref36
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref36
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref37
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref37
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref38
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref38
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref38
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref39
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref39
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref39
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref39
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref40
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref40
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref40
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref41
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref41
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref41
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref41
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref41
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref42
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref42
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref42
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref42
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref42
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref42
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref43
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref43
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref43
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref44
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref44
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref44
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref44
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref45
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref45
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref45


J. Fessel / Alzheimer’s & Dementia: Translational Research & Clinical Interventions 5 (2019) 899-905 905
[46] Gatz M, Pedersen NL, Berg S, Johansson B, Johansson K,

Mortimer JA, et al. Heritability for Alzheimer’s disease: the study of

dementia in Swedish twins. J Gerontol A Biol Sci Med Sci 1997;

52:M117–25.

[47] Forero DA, Gonz�alez-Giraldo Y, L�opez-Quintero C, Castro-Vega LJ,

Barreto GE, Perry G. Meta-analysis of telomere length

in Alzheimer’s disease. J Gerontol A Biol Sci Med Sci 2016;

71:1069–73.

[48] Gatta V, D’aurora M, Granzotto A, Stuppia L, Sensi S. Early and sus-

tained altered expression of aging-related genes in young 3xTg-AD

mice. Cell Death Dis 2014;5:e1054.

[49] Podtelezhnikov AA, Tanis KQ, Nebozhyn M, Ray WJ, Stone DJ,

Loboda AP. Molecular insights into the pathogenesis of Alzheimer’s

disease and its relationship to normal aging. PLoS One 2011;

6:e29610.
[50] Bye N, Zieba M, Wreford NG, Nichols NR. Resistance of the dentate

gyrus to induced apoptosis during ageing is associated with increases

in transforming growth factor-b1 messenger RNA. Neuroscience

2001;105:853–62.

[51] Lee JG, Lee SW, Lee BJ, Park SW, Kim GM, Kim YH. Adjunctive

memantine therapy for cognitive impairment in chronic schizophrenia:

a placebo-controlled pilot study. Psychiatry Investig 2012;9:166.

[52] Aharoni R, Teitelbaum D, Leitner O, Meshorer A, Sela M, Arnon R.

Specific Th2 cells accumulate in the central nervous system of mice

protected against experimental autoimmune encephalomyelitis by

copolymer 1. Proc Natl Acad Sci U S A 2000;97:11472–7.

[53] Zepeda R, Contreras V, Pissani C, Stack K, Vargas M, Owen GI, et al.

Venlafaxine treatment after endothelin-1-induced cortical stroke mod-

ulates growth factor expression and reduces tissue damage in rats.

Neuropharmacology 2016;107:131–45.

http://refhub.elsevier.com/S2352-8737(19)30093-9/sref46
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref46
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref46
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref46
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref47
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref47
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref47
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref47
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref47
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref47
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref48
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref48
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref48
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref49
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref49
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref49
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref49
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref50
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref50
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref50
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref50
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref51
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref51
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref51
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref52
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref52
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref52
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref52
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref53
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref53
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref53
http://refhub.elsevier.com/S2352-8737(19)30093-9/sref53

	Ineffective levels of transforming growth factors and their receptor account for old age being a risk factor for Alzheimer' ...
	1. Introduction
	1.1. Clues obtained from other conditions that also are seldom seen in persons less than age 50
	1.2. The above reports draw attention to the possibility of TGF-β as being related to the association of Alzheimer's disease wit ...
	1.3. Levels of TGFβ-1 and TGFβ-2 are stable until age approximately 85 then increase up to age 100+. Likewise, it is at age 86 w ...
	1.4. TGF-β1 and TGF-β2 are neurotrophic
	1.5. Even in the face of neuronal loss, TGF-β1 and TGF-β2 are paradoxically increased in the Alzheimer's disease brain
	1.6. Explanation of the paradox. Levels of both Smads and TGFR2 in the brain of Alzheimer's disease are reduced, each of which s ...
	1.7. TGF-β1, TGF-β2, astrocytes, microglia, and age
	1.8. MicroRNAs and Alzheimer's disease
	1.9. Which all leads to a hypothesis that one reason for the association of Alzheimer's disease with advanced age is that the de ...
	1.10. Counterpoints to the proposed mechanism
	1.11. Validation of the hypothesis

	2. Conclusion
	References


