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ABSTRACT

Background: Decreased levels of repressor element-1 silencing transcription (REST) factor in the brain, plasma, and neuron-
derived exosomes are associated with Alzheimer’s disease (AD). Objective: The objective of the study was to test the vi-
ability of serum REST as a possible blood-based biomarker for AD, comparing serum REST levels in AD patients from a 
National Institute of Health in Mexico City (with different levels of severity and comorbidities), with elderly controls (EC) 
and young controls (YC). Methods: We used an enzyme-linked immunosorbent assay to determine serum REST levels in AD 
patients (n = 28), EC (n = 19), and YC (n = 24); the AD patients were classified by dementia severity and comorbidities 
(depression and microangiopathy) using clinimetric tests and magnetic resonance imaging. Results: Mean serum REST lev-
els did not differ between AD patients, EC, and YC. The severity of AD and the presence of depression or microangiopathy 
were not associated with serum REST levels. Conclusion: Our results differ from previously published patterns found for 
plasma and cerebral REST levels. Free serum REST levels may not be a viable AD blood-based biomarker. (REV INVEST CLIN. 

2021;73(1):17-22)
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BRIEF COMMUNICATION

INTRODUCTION

The World Health Organization has stated Alzheim-
er’s disease (AD) as a public health priority due to its 

increasing frequency1,2. The most extensively used 
AD biomarkers are based on neuroimaging methods 
and cerebrospinal fluid measures of amyloid-beta and 
tau proteins3. Given the cost and relative invasiveness 
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of these tests, there exists a growing interest in find-
ing cheaper, more accessible, and less invasive alter-
natives. Blood-based biomarkers are one such alter-
native, as they allow for enhanced evidence of the AD 
pathophysiological process, particularly in the earlier 
stages of AD progression4. One of these potential 
biomarkers is a protein known as the repressor ele-
ment-1 silencing transcription (REST) factor.

REST is present in cerebral tissue and has been re-
lated with relevant neuroprotective functions, cogni-
tive preservation, and longevity5,6; it functions as a 
gene repressor in both central and peripheral tissues 
during physiological and pathological events through-
out life7,8. REST can be detected peripherally in blood 
cells9,10, in neuron-derived exosomes (NDEs)11,12, 
and plasma13, but there exists a knowledge gap re-
garding REST levels in serum. Decreased brain5 and 
plasma13 REST levels are linked to AD, and there is 
evidence of an association between REST found in 
NDE and cognitive impairment11,12.

Aiming to test the viability of serum REST as a pos-
sible blood-based biomarker for AD, we compared se-
rum REST levels among AD patients, from a National 
Institute of Health in Mexico City with elderly controls 
(ECs) and young controls (YCs). Patients were grouped 
according to Alzheimer’s severity, as well as whether 
they presented cerebral microangiopathy, a disease 
that affects the brain microvasculature due to several 
pathological processes and etiologies14, or depression, 
both frequent AD comorbidities15,16.

METHODS

Study design and population

This work is an observational, case–control study in 
Mexico City. We reviewed in a tertiary level hospital 
(Instituto Nacional de Neurología y Neurocirugía, 
Manuel Velasco Suarez) records from 88 AD patients 
attending to the dementia clinic from January 2016 
to August 2016. Of these (after excluding the pa-
tients who did not meet the inclusion criteria, those 
who died or could not be contacted), we invited the 
remaining 40 AD patients, to participate in this study 
as potential participants; of them, 6 did not accept to 
participate and 6 that accepted were eliminated later 
due to technical difficulties related with fasting, blood 

withdrawal, or a mixed dementia diagnosis. At the 
end, we included in the AD group 28 patients, 60 
years of age or older, with clinical diagnosis of prob-
able AD, according to the National Institute of Aging-
Alzheimer’s Association criteria17, constituting a re-
sponse rate of 70%. In addition, 29 older adults, aged 
60 years or older, without cognitive impairment, from 
a nursing home (Foundation for Human Promotion) 
and a human development center (CreeSer), both lo-
cated in Mexico City, Mexico, were invited and all of 
them accepted to participate in this study; of these, 
19 met the inclusion criteria, integrating the EC group. 
Finally, 29 bachelor students, aged 20–30 years old, 
were invited and all of them accepted to participate 
in this study; of these, 24 fulfilled the inclusion crite-
ria and were recruited as YCs. We excluded from the 
study any individual who presented a primary psychi-
atric or neurological disease (other than AD, depres-
sion, and microangiopathy, in the case of AD pa-
tients), a significant systemic disease (particularly 
cardiac and neoplastic diseases), or an uncontrolled 
metabolic disease (such as hypertension, diabetes, or 
hypo and hyperthyroidism). 

Sociodemographic characteristics for each group are 
described in table 1.

Cognitive and clinical measurements

For all groups, we assessed global cognitive function 
using the mini-mental state examination18,19, scoring 
cognitive impairment with values below 24. We clas-
sified cognitive functioning of EC and AD patients by 
grouping individuals into four classes, using the Clini-
cal Dementia Rating (CDR)20: no cognitive impair-
ment (CDR 0 = EC), mild AD (CDR 1), moderate AD 
(CDR 2), and severe AD (CDR 3). CDR raters were 
previously certified by the Brief Training and Reliabil-
ity Protocol for the CDR – CDR online training system, 
offered by the Knight AD Research Center (Knight 
ADRC) Memory and Aging Project of the School of 
Medicine of the Washington University (St. Louis, Mis-
souri, USA). We defined depression in YC with scores 
of 17 or higher using the Beck Depression Invento-
ry21,22, whereas EC and patients with mild and moder-
ate AD were evaluated with the Geriatric Depression 
Scale23,24, considering depression with scores above5. 
For patients with severe AD, we identified depression 
with scores above 10, using the Cornell Scale for De-
pression in Dementia25. Microangiopathy data were 
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obtained from clinical records, issued by the neuroim-
aging department, as part of the neuroimaging studies 
used for supporting AD diagnosis, specifically from 
magnetic resonance imaging (MRI) reports. MRI diag-
nosis of microangiopathy in all AD patients was deter-
mined by the presence of white matter hyperintensi-
ties on T2-weighted sequence, using the Fazekas 
scale26, a visual rating scale that classifies, in either 
periventricular or deep white matter regions, the white 
matter lesions (grading from 0, or absence of lesions, 
to 3), depending on its size and confluence. For this 
study, we included in the AD with microangiopathy 
group, all patients with a Fazekas scale above 1.

Blood collection and processing 

Blood samples were collected and processed accord-
ing to guidelines for the standardization of pre-ana-
lytical variables for the study of AD blood-based bio-
markers27. We requested participants fast for at least 
8 h before sample collection. 

Total protein and REST quantification

Serum protein levels were determined using the Low-
ry assay and were expressed as mg/ml28. Serum 
REST levels were determined using an enzyme-linked 
immunosorbent assay (ELISA) commercial kit 
(MBS9354282, MyBiosource, Inc., San Diego, CA, 
USA) following the manufacturer’s instructions. Data 
were expressed as pgREST/mgtotal protein.

Statistical analysis

All concentration measures are expressed as the 
mean ± standard error of the mean. We carried out 
comparisons between AD, EC, and YC in total protein 
levels and serum REST levels, using Student’s t-tests 
or one-way analysis of variance (ANOVA) as appropri-
ate. p < 0.05 was considered statistically significant. 

We used STATA software (version 14.1, StataCorp 
LLC, College Station, TX, USA) to all analyses and for 
calculating the power of our recruited sample.

RESULTS

We found no difference (F = 1.43, 2 df, p = 0.247) 
between serum total protein levels across YC, EC, 
and AD (Table 1). Likewise, we found no difference 
(p = 0.243) in serum REST levels between YC  
(n = 24, 47.9 ± 8.0 pg/mg) versus EC (n = 19, 36.5 ± 
4.0 pg/mg), nor between EC versus AD patients  
(n = 28, 53.5 ± 8.1 pg/mg, p = 0.107) as shown in 
figure 1A. We found no significant differences ac-
cording to CDR (F = 2.37, 3 df, p = 0.084) between 
EC mean serum REST levels and AD patients among 
severity groups (CDR1: n = 6, 77.7 ± 27.3 pg/mg, 
CDR2: n = 15, 43.8 ± 8.3 pg/mg, and CDR3: n = 7, 
53.6 ± 13.3 pg/mg; Fig. 1B). We also analyzed mean 
serum REST levels of AD without depression (n = 21, 
59.6 ± 9.9 pg/mg) compared to AD with depression 
(n = 7, 35.1 ± 10.6 pg/mg, p = 0.193; and they did 
not differ significantly, Fig. 1C). Similarly, we found 
AD mean serum REST levels without microangiopa-
thy (n = 18, 48.0 ± 10.8 pg/mg) did not differ 
significantly compared to AD with microangiopathy 
(n = 10, 63.4 ± 11.7 pg/mg, p = 0.370; Fig. 1D). 
Considering the observed differences in serum REST 
levels between AD and EC (17.01 pg/mg), with an 
assignment of 1.42, an alpha of 0.05 and the means 
and standard deviations described above, the statis-
tical power of our comparison was 55.75%.

DISCUSSION

Given the role of REST as a neuroprotector5, the 
previously found differences in plasma and brain tis-
sue REST levels in different age groups5, and the 

Table 1. Sociodemographic characteristics and total protein levels by group

Group (n) Female/male  
n (%)

Age (years)1 Education  
(years)1

Total protein levels  
(mg/mL)1

YC (n = 24) 14 (58%)/10 (42%) 23.1 ± 0.4 16.7 ± 0.3 80.7 ± 2.0

EC (n = 19) 9 (47%)/10 (53%) 73.6 ± 8.0 13.5 ± 1.3 84.8 ± 2.4

AD (n = 28) 15 (54%)/13 (46%) 74.7 ± 1.3 6.0 ± 1.0 79.7 ± 2.1

1Data are expressed as mean ± the standard error of the mean (SEM), AD: Alzheimer’s disease; EC: elderly control; YC: young control.
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importance of finding less intrusive and less expensive 
ways to diagnose AD, our goal was to test the viabil-
ity of serum REST levels as a possible blood-based 
biomarker for patients with AD. We tested serum 
REST levels because the serum is the easiest to ob-
tain, and the most commonly tested blood compo-
nent. In addition, we expected serum REST concentra-
tions to be high because REST in plasma is found in 
free form (not bound)13, and this, in turn, should make 
routine REST detection easier in practice. However, we 
found no difference in serum REST levels across our 
groups. Our results show that measuring free serum 
REST concentrations does not allow the detection of 

AD nor to differentiate the severity of AD patients, 
then serum REST levels are not an adequate blood-
based biomarker for AD. Moreover, our test was un-
able to differentiate comorbidities or allows us to 
detect the aging process through the blood. 

Our results are surprising in that they differ from 
previous studies that found differences between REST 
levels in cerebral tissue5 or blood11-13 in AD patients 
and EC. 

Some of the factors that may contribute to this are 
(i) the blood component in which REST is measured 

Figure 1. Serum REST concentrations. (A) We found no difference (p = 0.107) in serum REST levels between AD patients 
(n = 28, 53.5 ± 8.1 pg/mg) and EC (n = 19, 36.5 ± 4.0 pg/mg) nor between EC and YC (n = 24, 47.9 ± 8.0 pg/mg, p = 0.243). 
(B) We found no difference (F = 2.37, 3 df, p = 0.084) between EC serum REST levels and AD patients ranked by CDR as mild 
(CDR1: n = 6, 77.7 ± 27.3 pg/mg), moderate (CDR2: n = 15, 43.8 ± 8.3 pg/mg), and severe (CDR3: n = 7, 53.6 ± 13.3 pg/mg). 
(C) We found no difference (p = 0.193) in serum REST concentration between AD patients with (n = 7, 35.1 ± 10.6 pg/mg) 
and without depression (n = 21; 59.6 ± 9.9 pg/mg), and (D) no difference was found (p = 0.370) in serum REST concentration 
between AD patients with (n = 10, 63.4 ± 11.7 pg/mg) and without microangiopathy (n = 18, 48.0 ± 10.8 pg/mg). The 
horizontal line in each cluster represents the mean ± standard error of the mean (SEM). REST: repressor element-1 silencing 
transcription factor; AD: Alzheimer’s disease; EC: elderly control; YC: young control; CDR: Clinical Dementia Rating.

A B

C D



21

F.L. Ramírez-Cuapio, et al.: SERUM REST IN ALZHEIMER’S AND CONTROLS

(serum vs. plasma)13 as it might be possible that each 
component contains a different concentration of 
REST. Furthermore, Asthon et al. (2017) pretreated 
plasma samples with Tween-20 (4% v/v), aiming to 
release REST within extracellular vesicles. (ii) The bio-
logical component in which REST travels in the blood 
(NDE vs. free blood REST) as it is challenging to iden-
tify the origin of REST in free blood, unlike in NDE11,12; 
(iii) the ethnicity of participants, as this widely varies 
between the studies and it is complicated to conclude 
if some biological factors related to race may influ-
ence the results; (iv) the ELISA kit used, since the 
detection of the four different isoforms of REST could 
vary between the kits, altering the final concentration 
of REST; (v) the severity of AD patients, while other 
studies focus on mild or moderate AD11,12, ours in-
cludes patients with mild-to-severe AD. The above 
take relevance as it has been previously demonstrat-
ed that REST levels are related to cognitive function5 
and the stage of development of AD12; (vi) a possible 
contribution of peripheral blood cells, before centrifu-
gation, to REST blood levels, since it has been shown 
that changes in REST expression, or its binding to the 
repressor element-1 (RE-1), in blood cells are a pe-
ripheral reflection of brain diseases such as Hunting-
ton and depression9,10.

We found less dispersion in EC serum REST levels than 
in those of AD patients and YC. Given that, REST 
activity and DNA (deoxyribonucleic acid) binding are 
known to be higher in EC cerebral tissue than in that 
of AD patients and YC5, the dispersion found in AD 
and YC serum REST levels may be a peripheral reflec-
tion of free/not-bound-to-DNA cerebral REST.

As we mentioned, our results may have been influenced 
by the presence of various REST isoforms in the blood29; 
the ELISA kit we used allows the detection of two out 
of four known isoforms (isoforms 1 and 4). Further-
more, REST levels in the bloodstream may be variable, 
as it has been reported for other molecules like 
β-amyloid which fluctuates over the day30, considering 
that REST activity varies from one peripheral tissue to 
another, up- and downregulated genes in different or-
gans to maintain structural and physiological func-
tions31,32. Thus, longer-term studies that do not rely on 
a single measure may offer a different outcome. 

Our study raises new questions, the most pressing of 
which is why plasma REST levels diminish in AD 

patients while serum REST levels do not. The answer 
may lie in the way REST binds to other molecules in 
the blood, whether REST travels from peripheral tis-
sues to the blood, REST isoform detection, or overall 
REST level variability and fluctuation even throughout 
the day. Although some studies have reported sig-
nificant differences in levels of different peripheral 
biomarkers, it would also be useful to explore the 
discriminating capacity of these measurements for 
subjects at risk of AD, to have an alternative that can 
be easily implemented in the clinical setting. 

Among the limitations of our study are (i) the fact that 
patients were recruited from a tertiary level hospital, 
therefore, these results might be difficult to generalize 
to other populations; (ii) a possible bias of a cross-
sectional study versus follow-up studies, as it might be 
possible for REST, like plasma β-amyloid, to fluctuate 
over the time, as stated previously30; (iii) the low sta-
tistical power (55.75%) of our comparisons, and (iv) 
the relatively small sample size for each category. The 
sample size needed to test the effect observed in this 
study is of 104 participants, 62 AD, and 42 EC.

Finally, there are several pieces of evidence supporting 
that REST is associated with the brain’s stress re-
sponse and in the downregulation of genes that medi-
ate excitatory neurotransmission. All of these actions 
operate in favor of cognitive preservation and longev-
ity5, these facts encourage to continue with the gen-
eration of knowledge about REST and its cooperation 
with multiple active agents related to its epigenetic 
activity8. Other important evidence is the increase in 
plasma REST levels after psychological interventions13. 
If we consider that cognitive reserve is the result of 
the interaction between life exposures and genetic 
factors that operate together in the adaptation to 
brain diseases and aging33, among these genetic fac-
tors, REST could be having an important role.

In conclusion, while free serum REST levels may not 
be a viable AD blood-based biomarker, ongoing re-
search regarding REST in different blood components 
may yet yield an AD blood-based biomarker.
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