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Abstract
Background: Let-7 microRNAs (miRNAs) may contribute to neurodegeneration, including Alzheimer’s disease (AD),
but, they were not investigated in Streptozotocin (STZ)-induced AD. Letrozole increases the expression of Let-7 in cell
lines, with conflicting evidence regarding its effects on memory. This study examined Let-7 miRNAs in STZ-induced
AD, their correlation with memory and hyperphosphorylated Tau (p-Tau) and the effects of Letrozole on them.
Methods: Seven groups of adult Sprague Dawley rats were used: Negative control, Letrozole, Letrozole Vehicle,
STZ (with AD induced by intracerebroventricular injection of STZ in artificial cerebrospinal fluid (aCSF)), CSF Control,
STZ + Letrozole (STZ-L), and CSF + Letrozole Vehicle. Alternation percentage in T-maze was used as a measure of work‑
ing memory. Let-7a, b and e and p-Tau levels in the hippocampus were estimated using quantitative real-time reverse
transcription–polymerase chain reaction (qRT–PCR) and enzyme-linked immunosorbent assay (ELISA), respectively.
Results: Significant decreases in alternation percentage and increase in p-Tau concentration were found in the STZ,
Letrozole and STZ-L groups. Expression levels of all studied microRNAs were significantly elevated in the Letrozole and
the STZ-L groups, with no difference between the two, suggesting that this elevation might be linked to Letrozole
administration. Negative correlations were found between alternation percentage and the levels of all studied micro‑
RNAs, while positive ones were found between p-Tau concentration and the levels of studied microRNAs.
Conclusions: This study shows changes in the expression of Let-7a, b and e miRNAs in association with Letrozole
administration, and correlations between the expression of the studied Let-7 miRNAs and both the status of working
memory and the hippocampal p-Tau levels. These findings might support the theory suggesting that Letrozole aggra‑
vates pre-existing lesions. They also add to the possibility of Let-7’s neurotoxicity.
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Introduction
Alzheimer’s disease (AD) is a neurodegenerative condition which causes aging-related cognitive impairment and dementia [1]. It accounts for 50% to 75% of all
dementia cases, making it the chief cause of dementia
[2]. It is pathologically characterized by accumulation
of beta-amyloid (Aβ) plaques, and fibrillary tangles of
aggregated hyperphosphorylated Tau protein [3].
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The role of microRNAs (miRNAs) in numerous diseases is the focus of a lot of recent studies. miRNAs are
approximately 22-nucleotide long, non-coding RNAs
that function as gene expression regulators at the post
transcriptional level. The Let-7 miRNAs are conserved
in multiple species, and are abundantly expressed in the
brain [4, 5]. Let-7 miRNAs play roles in cellular differentiation, tumor suppression and neurodegeneration/
neurotoxicity [6–8]. Various members of the Let-7 family
were found to be differentially expressed in the cerebrospinal fluid of AD patients [5].
Up to our current knowledge, levels of Let-7 miRNAs
were not previously investigated in a Streptozotocin
(STZ)-induced AD model, neither was the effect of Let-7
modulation on the memory of the animals in such model.
Multiple drugs were found to increase the expression of
Let-7 in various cell lines [9, 10], an example of which is
Letrozole [11, 12], which is a potent aromatase inhibitors
with experimental evidence documenting its high permeability across the blood brain barrier (BBB) [13].
Memory changes are a somewhat common complaint
in patients treated with Letrozole. However, there are
several conflicting studies examining the possible effects
of aromatase inhibitors on memory. Some studies have
shown that Letrozole administration resulted in memory
impairment [14, 15], while others have shown that Letrozole improved the acquisition of working memory and
that inhibition of brain estrogen synthesis may have beneficial effects on spatial memory [16, 17].
Therefore, this study was designed to examine Let-7
miRNAs levels in the hippocampi of STZ-induced ADlike state rats, and whether they can be correlated with
memory status and/or phosphorylated Tau levels. It also
aims to assess the potential effects of Letrozole on the
memory and levels of Let-7 miRNAs in normal animals
as well as animals with an existing STZ-induced AD-like
state. This can possibly provide an insight into a mechanism by which Letrozole could exert an effect on cognition via microRNA modulation.

Methods
Animals and grouping

A total number of 51 adult Sprague Dawley rats of the
same age, weighing 150–200 gm., were subjects of this
study. Rats were supplied by the animal unit of the Medical Experimental Research Center (MERC), faculty of
Medicine, Mansoura University. An ethical approval for
this study was obtained from the Institutional Animal
Care and Use Committee (IACUC), Zagazig University,
in line with the ARRIVE guideline.
Rats were housed in plastic rodent cages (3–5 per cage)
under hygienic and environmentally controlled conditions i.e., ambient temperature of 25 ± 2 °C, and a cycle

Page 2 of 12

of 12-h light/ 12-h dark. They were allowed 14 days for
acclimatization, during which, and throughout the entire
period of the study, they were fed standard commercial
rat chow and had free access to food and water.
Following the acclimatization, rats were randomly
divided into seven groups as follows (Fig. 1):
Group 1: Negative control Control Group (n = 6): No
procedure or treatment was applied to this group. It
served to establish basal levels of studied parameters
(Cognitive function, hippocampal phosphorylated Tau
level and Let-7a, b, e microRNA levels).
Group 2: Letrozole Group (n = 9): Letrozole (Synthon,
Netherlands) was given at a daily dose of 2.5 mg/kg [16]
by oral gavage [17]. Letrozole was dissolved in 0.5% carboxy methylcellulose (CMC) solution, and was given for
15 days [15].
Group 3: Letrozole Vehicle (LV) Control Group (n = 6):
Rats were given a solution of 0.5% CMC daily, by oral
gavage, for 15 days.
Group 4: STZ Group (n = 9): In this group, sporadic
Alzheimer’s disease-like state was induced using intracerebroventricular injection (ICV) of 3 mg/kg single dose of
Streptozotocin (Sigma-Aldrich, USA) dissolved in artificial cerebrospinal fluid (aCSF).
Group 5: CSF Control Group (n = 6): Rats were intracerebroventricularly injected with aCSF only.
Group 6: STZ + Letrozole (STZ-L) Group (n = 9): Sporadic Alzheimer’s disease-like state was induced using
ICV injections of 3 mg/kg of Streptozotocin dissolved
in aCSF, as mentioned in group 4. Following the surgery,
rats were allowed a recovery period of 7 days then, given
2.5 mg/kg Letrozole by oral gavage, for 15 days.
Group 7: CSF + Letrozole Vehicle (CSF-LV) Control
Group (n = 6): Rats were administrated aCSF via ICV
injections, allowed to recover for 7 days after surgery,
then given 0.5% CMC daily, by oral gavage, for 15 days.
Induction of AD by ICV injection of STZ

Animals were anesthetized and the general guidelines
and steps for stereotaxic surgery were followed as previously mentioned [18]. A single dose of Streptozotocin
(3 mg/kg [19]), in 10 μL aCSF (119 mM NaCl, 26.2 mM
NaHCO3, 2.5 mM KCl, 1 mM N
 aH2PO4, 1.3 mM M
 gCl2,
10 mM glucose and 2.5 mM C
 aCl2 in distilled water, then
passed through an 0.22 µm filter for sterilization [20])
was injected into the two lateral ventricles using coordinates according to the rat stereotaxic brain atlas [21],
and the Waxholm Rat atlas via the scalable brain atlas
[22–25]: anteroposterior from bregma (AP) = − 0.9 mm,
mediolateral from the midline (ML) =  ± 1.5 mm and
dorsoventral from the skull (DV) = 3.6 mm. Animals
were allowed a week to fully recover prior to administration of any further treatment. Typically, the effects of
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Fig. 1 Timeline of animal experiments. Briefly, following a 2-week acclimatization period, animals were randomly divided into seven groups:
Negative control, Letrozole, Letrozole Vehicle (LV), STZ, CSF Control, STZ + Letrozole, and CSF + Letrozole Vehicle (CSF + LV) Control. The
experimental time frame was 26 days from the experimental starting point, at which the stereotaxic surgery was performed on the STZ, CSF
Control, STZ + Letrozole, and CSF + LV groups, to the animal euthanasia point, at which hippocampal samples were collected

STZ on memory functions start to manifest 15 days following the injection [19]. Hematoxylin and eosin (H&E)
staining of hippocampal sections from representative
samples was done to further confirm the presence of
neurodegeneration.
Testing of working memory: spontaneous alternation
in a modified T‑maze

A manually-run T-maze with a central partition and a
guillotine door at each goal arm was constructed. The
maze design was adapted from Deacon and Rawlins,
(2006) and their protocol was followed. In brief: No
habituation to the maze was allowed, as it is the novelty
of the maze that motivates the spontaneous exploration/
alternation. For each rat, one sample trial and five choice
runs were performed per day for two days, amounting
to a total of 12 trials per rat, and a total of ten possible
alternations. In the sample run, each rat was placed in
the starting area at the bottom of the T and allowed to
select a goal arm. The rat was kept for 30 s in the selected
arm by quietly sliding down the guillotine door, and then
it was removed and put back in its cage for an intertrial interval of 10 min. In the choice runs, the central

partition was removed, and the guillotine door of the
arm chosen in the sample run was raised again. The rat
was placed again at the starting point, facing away from
the goal arms and allowed to pick one of the two open
goal arms. Each trial took 1–2 min. A rat’s choice of the
opposite arm to the one chosen in the preceding trial was
defined as an alternation (a correct choice). A percentage
or proportion correct choice (alternation) per animal was
calculated as follows [26, 27]:

Numberofalternations(Correctchoices)
× 100
Totalpossiblealternations

Biochemical and molecular testing

Animals were euthanized by cervical dislocation following The University of Texas at Austin [28] guideline
and the brain was immediately removed from the skull.
The hippocampi were rapidly dissected following the
method described by Spijker [29] and hippocampal samples were submerged in either RNAlater RNA stabilization reagent (Qiagen, USA, Cat No./ID: 76104), or sterile
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Phosphate-buffered saline (PBS) and stored at a temperature of − 80 °C for biochemical analysis [30].
Total RNA, including microRNAs, was extracted from
the hippocampus using the miRNeasy Mini Kit (Qiagen,
USA, Cat No./ID: 217004) following the kit’s manual, and
the purity and concentration of the extracted total RNA
were spectrophotometrically determined using a NanoDrop [31]. Reverse transcription (RT) reaction was done
for each sample using the TaqMan™ microRNA reverse
transcription kit (Applied biosystems, USA, Cat no.:
4366596). A specific TaqMan microRNA assay was used,
following the manufacturer’s instructions, in qRT–PCR
to detect each of the three target microRNAs (Let7a, b
and e) as well as U6 small nuclear RNA as an endogenous
control (rno-let-7a-5p [Assay ID: 000377], rno-let-7b-5p
[Assay ID: 000378], rno-let-7e-5p [Assay ID: 002406] and
U6 snRNA [Assay ID: 001973], Applied biosystems, USA,
Cat no.: 4427975). Changes of miRNA expression were
calculated for each of the three tested miRNAs using the
2^(−∆∆Ct) method [32, 33].
Rat p-Tau (Ser396) protein ELISA kit (Bioassay technology laboratory, Shanghai, China) was used according
to the manufacturer’s instructions to measure p-Tau concentration in the hippocampus.
Statistical analysis

The statistical analysis was done using IBM SPSS Statistics for Windows, version 22 (IBM Corp., Armonk, N.Y.,
USA). For quantitative variables, mean and standard
deviation were computed. Median and range were computed in case of data that were not normally distributed
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(non-parametric data). One way analysis of variance
(ANOVA) test was used for comparison of means of
more than two groups in normally distributed data, and
Kruskal–Wallis test was used in case of data that were
not normally distributed. Spearman’s correlation coefficient was used as a measure of the strength of association
between two variables. For all the mentioned statistical
tests, P values of > 0.05 indicated non-significant results,
while P values of < 0.05 indicated significant results.

Results
Verification of neurodegeneration in the STZ‑injected rats
via histological examination

Histological examination of H&E stained hippocampal
sections from representative STZ-injected rats showed
signs of degeneration as well as inflammatory changes
(Fig. 2).
Comparing the state of working memory (in alternation
percentage) and p‑Tau levels among the different studied
groups

There were statistically significant differences between
different groups in both alternation percentage and
p-Tau concentration (Table 1). The STZ, Letrozole
and STZ + Letrozole groups showed significant reductions in alternation percentage compared to all control groups (P < 0.001). These three groups also showed
significant differences in alternation percentages compared to each other (P < 0.001), with the STZ + Letrozole group showing the most reduction in alternation
percentage (Mean ± SD 17.78 ± 4.41), followed by the

Fig. 2 Sections in the hippocampus for confirmation of neurodegeneration in the STZ animals. a Section from normal hippocampus showing
normal thickness of the pyramidal layer with rounded granular cells (arrows). Astrocytes (circles) and blood vessels (V) are found in the molecular
layer (Hematoxylin and Eosin ×400) b Section from STZ-induced AD hippocampus with CA2 showing some degenerated pyramidal cells with
neurofibrillary tangles (arrowheads) within the normal pyramidal cells (arrows), cell loss (asterisks) and other vacuolated cells (V) in the basal layer
of pyramidal cells. Enlarged and excess astrocytes (circles) are found in the molecular layer (downward) and the polymorphic layer (upward).
Depositions of amyloid protein (broken arrows) are found in the molecular layer (Hematoxylin and Eosin ×400)
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Table 1 Alternation percentage and p-Tau concentration
among the studied groups
Groups

Parameter
Memory status
(Alternation
percentage)
Mean ± SD
Range

p-Tau concentration
(pg/ml)
Mean ± SD
Range

Negative control (n = 6) 76.67 ± 12.12a
60–90

16.87 ± 2.77a
13.6–19.32

CSF (n = 6)

81.67 ± 14.72a
60–100

18.29 ± 2.77a
14.78–21.14

LV (n = 6)

73.33 ± 8.16a
60–80

17.70 ± 2.05a
13.74–19.2

CSF-LV (n = 6)

78.33 ± 11.69a
60–90

18.89 ± 0.80a
18–20.05

b

b

STZ (n = 9)

35.56 ± 8.82
20–50

Letrozole (n = 9)

53.33 ± 8.66c
40–60

23.24 ± 1.23b
21.1–24.53

STZ-L (n = 9)

17.78 ± 4.41d
10–20

23.37 ± 1.46b
21.66–25.2

22.36 ± 0.83
21.14–23.61

F

49.21

18.55

P

< 0.001**

˂ 0.001**

F: ANOVA test, **Highly significant (P < 0.01)
Groups with different letters have statistically significant (P < 0.05) differences

STZ group (35.56 ± 8.82) then the Letrozole group
(53.33 ± 8.66). The STZ, Letrozole and STZ + Letrozole
groups also showed significant elevations in p-Tau levels compared to the control groups (P ≤ 0.001).
Comparing Let‑7 miRNAs expression (in fold change)
among the studied groups

Tables 2, 3, 4 and 5 show that there were statistically
significant differences between the different groups in
the expression of Let-7 a, b and e. Using the least significant difference (LSD) test to compare each two groups,
it was found that there were no statistically significant
differences between the Negative control, CSF, LV,
CSF-LV and STZ groups in the expression of any of the
studied miRNAs.
However, there was a statistically significant elevation in the expression levels of all studied miRNAs in
the Letrozole group compared with the Negative control, CSF, LV, CSF-LV and STZ groups. There was also a
statistically significant elevation in the expression levels
of all studied miRNAs in the STZ-L group compared
with the Negative control, CSF, LV, CSF-LV and STZ
groups. Finally no difference was found between Letrozole group and STZ-L group in the expression level of
any of the studied miRNAs.
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Correlation between memory status (in alternation
percentage), p‑Tau concentration and Let‑7 miRNAs
expression (in fold change) among different studied
groups

Table 6 shows that there were statistically significant negative correlations between alternation percentage and the
expression levels of Let-7a (P = 0.01), Let-7b (P = 0.002)
& Let-7e (P < 0.001) and p-Tau concentration (P < 0.001).
In addition, there were statistically significant positive
correlation between p-Tau concentration and the expression levels of Let-7a (P < 0.001), Let-7b (P < 0.001) & Let7e (P < 0.001).

Discussion
AD causes aging-related cognitive impairment and
dementia (1). Amnesic presentations as well as the presence of Aβ plaques and fibrillary tangles of Tau proteins
are required for diagnosis [34, 35]. Studies have shown
that the cerebral glucose mobilization disorders either
precede or accompany the initial cognitive impairments
in sporadic AD [36, 37].
Multiple studies provide evidence that Let-7 family of
MicroRNA is neurotoxic and possibly involved in AD.
These studies include models of Aβ40-incduced neurotoxicity in cell lines [8], injection of Let-7b into the CSF
of wild-type mice [6], quantification of Let-7 miRNAs in
the CSF of AD patients [5], miRNA profiling of the brains
of transgenic AD mice [38, 39], and studying the expression of miRNAs in the brains of a cholesterol-based rabbit model of AD [3].
Multiple drugs were found to increase the expression of Let-7 in various cell lines [9, 10], an example of
which is Letrozole [11, 12], which is a potent aromatase
inhibitor that can cross the blood brain barrier [13]. Controversial data exist regarding the effects of aromatase
inhibitors (AIs), including Letrozole, on memory in
rodents [14–17].
Prior to this current study, levels of Let-7 miRNAs
were not investigated in an STZ-induced sporadic AD
(sAD)-like model, neither was the possible effect of Let-7
modulation on the memory of the animals in such model.
Results of the present work showed that STZ, Letrozole
and STZ + Letrozole administration were all associated with memory impairments in rats, as evident by
decreases in the alternation percentages of these groups
compared to the control groups. The degree of memory
impairment was more severe in the STZ + Letrozole rats,
followed by the STZ group, then by the Letrozole group,
which showed the least degree of memory impairment.
These results are partially in line with Nayebi et al.
[14] whose results also showed a significant memory
impairment in the STZ, Letrozole and STZ + Letrozole
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Table 2 Let-7 miRNAs expression (in fold change) in the studied groups
Groups

Parameter
Let-7a fold change
Mean ± SD
Median
Range

Let-7b fold change
Mean ± SD
Median
Range

Let-7e fold change
Mean ± SD
Median
Range

Negative control (n = 6)

1.30 ± 1a
0.87
0.46–2.59

1.55 ± 1.34a
1.29
0.2–3.63

1.94 ± 1.74a
1.75
0.9–4

CSF (n = 6)

1.60 ± 1a
1.57
0.67–2.57

1.8 ± 1.24a
1.92
0.52–2.99

1.56 ± 0.74a
1.89
0.62–2.36

LV (n = 6)

1.35 ± 0.43a
1.18
0.95–1.9

1.52 ± 0.32a
1.53
1.16–1.88

1.70 ± 1.20a
1.86
0.35–2.91

CSF-LV (n = 6)

1.26 ± 2.45a
0.21
0.17–6.25

0.84 ± 0.82a
0.43
0.34–2.41

1.35 ± 2.35a
0.41
0.11–6.11

STZ (n = 9)

0.97 ± 0.84a
0.64
0.06–2.45

1.89 ± 1.41a
1.81
0.39–4.85

2.35 ± 1.60a
2.91
0.47–5.54

Letrozole (n = 9)

4.70 ± 2.07b
5.18
0.8–7.85

6.47 ± 3.39b
5.85
1.07–12.37

9.01 ± 5.12b
7.36
2.89–17.27

STZ-L (n = 9)

5.91 ± 3.94b
4.8
3.1–14.25

5.93 ± 2.66b
4.82
3.16–10.11

9.29 ± 6.28b
7.73
3.2–19.97

KW

29.89

30.24

31.35

P

< 0.001**

< 0.001**

< 0.001**

KW: Kruskal–Wallis test, **Highly significant (P < 0.01)
Groups with different letters have statistically significant (P < 0.05) differences

Table 3 LSD for Let-7a fold change among different studied groups
CSF (n = 6)
Negative control (n = 6)

0.47 NS

CSF (n = 6)

LV (n = 6)

CSF-LV (n = 6)

STZ (n = 9)

Letrozole (n = 9)

STZ-L (n = 9)

0.63 NS

0.11 NS

0.35 NS

0.005**

0.001**

0.99 NS

0.06 NS

0.09 NS

0.005**

0.001**

LV (n = 6)

0.06 NS

CSF-LV (n = 6)

0.41 NS

0.01*

0.001**

0.24 NS

0.02*

0.02*

STZ (n = 9)

0.001**

Letrozole (n = 9)

< 0.001**
0.86 NS

NS: Non significant (P > 0.05), *Significant (P < 0.05), **Highly significant (P < 0.01)

Table 4 LSD for Let-7b fold change among different studied groups

Negative control (n = 6)
CSF (n = 6)
LV (n = 6)

CSF (n = 6)

LV (n = 6)

CSF-LV (n = 6)

STZ (n = 9)

Letrozole (n = 9)

STZ-L (n = 9)

0.63 NS

0.63 NS

0.75 NS

0.56 NS

0.007**

0.003**

0.99 NS

0.06 NS

0.48 NS

0.005**

0.001**

0.06 NS

0.56 NS

0.01*

0.001**

0.08 NS

0.002**

0.001**

0.004**

0.002**

CSF-LV (n = 6)
STZ (n = 9)

Letrozole (n = 9)

NS: Non significant (P > 0.05), *Significant (P < 0.05), **Highly significant (P < 0.01)

0.63 NS
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Table 5 LSD for Let-7e fold change among different studied groups

Negative control (n = 6)

CSF (n = 6)

LV (n = 6)

CSF-LV (n = 6)

STZ (n = 9)

Letrozole (n = 9)

STZ-L (n = 9)

0.75 NS

0.99 NS

0.63 NS

0.56 NS

0.003**

0.01*

0.75 NS

0.11 NS

0.29 NS

0.001**

0.001**

0.34 NS

0.18 NS

0.002**

0.001**

0.06 NS

0.003**

0.005**

0.002**

0.001**

CSF (n = 6)
LV (n = 6)

CSF-LV (n = 6)
STZ (n = 9)

Letrozole (n = 9)

0.72 NS

NS: Non significant (P > 0.05), *Significant (P < 0.05), **Highly significant (P < 0.01)

Table 6 Correlations between alternation percentage, p-Tau
concentration and Let-7 miRNAs expression

Let-7a fold change
Let-7b fold change
Let-7e fold change
p-Tau concentration

Alternation
percentage

p-Tau
concentration

r

r

P

P

− 0.36

0.01*

0.57

< 0.001**

0.002**

0.62

< 0.001**

− 0.57

< 0.001**

0.64

< 0.001**

< 0.001**

–

–

− 0.43

− 0.72

r: Spearman correlation coefficient; *Significant (P < 0.05); **Highly significant
(P < 0.01)

groups compared to the controls. However, while
their results indicated that the Letrozole group had
the least severe impairment among the three groups,
there was no significant difference in the degree of
memory impairment in the STZ group compared to the
STZ + Letrozole group.
This discrepancy between our results and theirs may
arise from: (1) Differences in the animal strains used, as
the Wistar strain was used in their study, (2) The dose
of Letrozole given and the administration route, as they
used a dose of 6 mg/kg administrated intraperitoneally,
or (3) The use of a different memory test; the passive
avoidance test. Passive avoidance and T-maze tests were
shown to give different results when testing the effects of
other drugs on memory processes [40].
Regarding the level of p-Tau (Ser396), the results of
our study showed a significant increase of p-Tau in the
Letrozole, STZ and STZ + Letrozole groups compared
to the control groups. While the ICV–STZ associated generation of hyperphosphorylated Tau and Tau
pathology similar to that of AD was extensively documented in literature and previous studies [41–47], the
possible effect of Letrozole on hyperphosphorylated
Tau levels is underexplored; however, earlier studies
showed that estrogen prevents hyper-phosphorylation
of Tau protein in neuroblastoma cells as well as rodent
cortical neuron cultures [48], an effect that might be
reversed by an aromatase inhibitor, such as Letrozole,

and that ovariectomy, which also reduces estrogen levels, increases age-related hippocampal Tau hyper-phosphorylation [49].
Hippocampal levels of p-Tau showed a significant negative correlation with the alternation percentages in the
current study, which was postulated; as there is an evidence showing that both plasma and CSF levels of Tau
correlate with the incidence of AD dementia in patients
[50], and that CSF Tau levels have an inverse correlation
with the short-term memory scores in patients with AD
[51].
Regarding the expression levels of Let-7 a, b and e,
miRNAs, we are first to report the expression patterns
of these three miRNAs in an STZ-induced sAD-like rat
model. Let-7a, b and e miRNAs were not differentially
expressed in the STZ group compared to the controls.
Multiple studies have examined the expression levels
of various Let-7 miRNAs in different models, samples,
and time intervals, yielding different results. For example, studies examining Let-7 members in the CSF of AD
patients—of different subtypes—have found Let-7a-3p,
b, e, f and i to be upregulated [5, 52–54], while Let-7a
was found to be downregulated in the CSF of patients
with late onset AD [55]. Furthermore, studies examining
Let-7 levels in the serum or plasma of AD and Mild cognitive impairment (MCI) patients have found Let-7f to
be upregulated in AD [56], and Let-7b to be upregulated
in MCI [57], while Let-7d, g and i were downregulated
[58–60]. On the other hand, Animal studies on different
transgenic AD mice and cholesterol-induced AD rabbits
have found Let-7a, b, c, d, e and f to be upregulated in the
brain at different time intervals [3, 38, 39]. Thus, it was
not unexpected that the model chosen for the current
study might show different results, since none of the previous studies, to date, have examined the levels of Let-7
in a similar STZ-induced AD rodent model. It may also
be assumed that measuring expression levels of Let-7 in
aged STZ-induced AD rats might yield different results
than the ones obtained from this current study, as we
only examined the hippocampal levels of selected Let-7
miRNAs after 3 weeks of STZ injection, i.e., during the
acute impairment stage of this model.
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Non-significant differences in the expression of Let-7 a,
b and e in the STZ group do not necessarily mean that
these miRNAs are not implicated in the disease process
in this model. Let-7 activity was shown to be regulated
by another miRNA, miR-107. miR-107 directly interacts
with Let-7, suppresses its function and promotes its degradation [61]. miR-107 was found to be downregulated
in AD in multiple studies [7, 62–64]. It was also found
to be deregulated in STZ-induced diabetic animals [65].
Decreases in miR-107 levels or activity can lead to Let-7
stabilization and preservation of its action on the target
genes [66]. However, further research is needed to elucidate the relation between Let-7 and miR-107 in AD.
On the other hand, Letrozole administration was associated with Let-7a, b and e upregulation in the Letrozole
and the STZ + Letrozole groups, which showed significant differences in Let-7a, b and e expression levels compared to all other groups. No significant difference was
found in the expression of Let-7a, b or e between the
Letrozole group and the STZ + Letrozole group, further
serving to possibly relate the observed upregulation to
the action of Letrozole.
The observed effect of Letrozole on Let-7 miRNAs was
not unexpected, as Letrozole was shown to be able to
cross the blood brain barrier [13, 67], and it was previously shown to be associated with increased expression
of various Let-7 miRNAs, including Let-7f, b and a, in
various cancer models [11, 12, 68].
Analysis of the current data showed significant correlations between Let-7a, b and e levels and both the alternation percentage and p-Tau level in the hippocampus.
There was a significant negative correlation between the
expression level of each of the Let-7 miRNAs tested (Let7a, b and e) and the alternation percentage, and a significant positive correlation between the expression level of
each of the Let-7 miRNAs tested and the hippocampal
p-Tau level.
Studies exploring possible correlations between Let-7
members and either or both cognitive impairment and
p-Tau levels are scarce, and majorly differ from the current work in regards to the type of sample, and the type
of cognitive test/exam which is determined by the species to be examined. For instance, Kenny et al. [57] found
no significant correlation between Let-7b expression
and the cognitive decline in MCI patients, and Derkow
et al. [5] did not observe a significant correlation between
amounts of Aβ42 or total-Tau and Let-7b or Let-7e
expression in the CSF of AD patients. Further research
is needed to establish more evidence in regards to Let-7
correlation with memory status and p-Tau levels, preferably using larger samples and different AD models.
Based on the findings of this current study, Letrozole
alone was associated with a significant degree of memory
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impairment, but, the more severe impairment in the
STZ + Letrozole group could further support the idea of
a synergistic effect exerted by Letrozole in presence of an
additional pathological insult, a finding that is in agreement with a previous study that found evidence of synaptic pathology and changes in mitochondrial morphology
in hippocampal cultures treated with both Letrozole and
Aβ, suggesting that Letrozole potentiates the pathological effects of Aβ [69]. However, this current study cannot
confirm whether this effect is due to the neurosteroidal
deficit caused by Letrozole or its modulation of some
neurotoxic miRNAs of the Let-7 family. Another limitation of this study lies in the fact that correlations alone,
while they may indicate a relationship, cannot be used
to suggest a causal relationship. Further experimental
studies are needed to confirm the presence of a relationship, such as overexpression or knockout studies of Let-7
miRNAs.
Upregulated Let-7 could play a role in the pathogenesis of AD by affecting multiple pathways that relate to
insulin signaling and neuroinflammation, and are known
to be disturbed by STZ administration as well as being
regulated by estrogen. STZ can accumulate via Glucose
transporter 2 (GLUT2) uptake [70], and cause decreased
mRNA expression and membrane protein levels of
insulin receptors (IR), and insulin-like growth factor-1
receptors (IGF-1R) in hippocampal cells [71]. Insulin
receptor substrates (IRSs) and protein kinase B (Akt)
phosphorylation (i.e. activation) also decrease, resulting
in disruption of the insulin signaling pathway, which was
implicated in the process of learning and memory [72].
This impairment leads to activation of Glycogen synthase
kinase 3 (GSK3), ultimately resulting in hyperphosphorylation of Tau protein [47] and promoting Aβ accumulation [73]. STZ also upregulates Beta-secretase 1, which is
also known as beta-site amyloid precursor protein cleaving enzyme 1 (BACE1), which can result in increased
cleavage of amyloid precursor protein [47]. Let-7 was
also found to target the mRNAs of the insulin signaling
pathway players, such as IR, IGF1R, IRS, Phosphatidylinositol-3-kinase (PI3K) and Akt [74, 75] and Let-7 transfection into a human cell line led to reductions in IR and
IRS [75].
We suggest that it is possible the upregulation of Let-7
in the hippocampus could aggravate the toxic effects
of STZ via further dysregulation and inhibition of the
insulin signaling pathway. This suggestion can be supported by a recent study that found that LIN-28a, which
is a powerful inhibitor of Let-7 biogenesis, prevented
the toxic effects of STZ on pancreatic β-cells, and that
LIN-28a downregulation of Let-7 was associated with
increased phosphorylation of PI3K and Akt in a mouse
insulinoma cell line [76].
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Interestingly, estrogen binding to G-coupled estrogen receptor (GPER) could result in the activation of the
PI3K/Akt pathway [77, 78], which could lead to memory
enhancement [79]. In addition, the estrogen/ER–PI3K–
Akt pathway has been shown to be a neuroprotective
factor against toxic insults to neuronal cells [80]. It might
be possible that the estrogen-reducing effect of Letrozole could have also added to the inhibition of the PI3K–
Akt pathway already caused by the STZ toxicity and the
upregulation of Let-7.
Another pathway by which upregulation of Let-7 could
aggravate the effect of an STZ-induced lesion is through
increasing neuroinflammation. STZ leads to increased
expression of neuroinflammation markers, such as NF-κB
(Nuclear factor kappa light chain enhancer of activated
B cells), and Glial fibrillary acidic protein (GFAP) positive astrocytes in the hippocampus [47, 81]. Increased
expression and activation of astrocytes for prolonged
periods of time is evident in AD brain, in which severity
of glial activation correlated with cognitive decline [82].
The activation of astrocytes is accompanied by increased
production of potentially neurotoxic factors including
inflammatory cytokines, nitric oxide and reactive oxygen
species [83].
Microglia express Toll-like receptors (TLRs), which
play an important role in the immune response as they
recognize pathogen molecules. TLRs activation leads to
subsequent activation of intracellular signaling cascades
that ultimately cause the release of inflammatory molecules [6, 84]. Let-7 is a potent activator of TLR7 signaling
in microglia and neurons, leading to induction of NF-κB
in microglia, an inflammatory response and initiation
of neurodegeneration [6], which can add to the already
existing pro-inflammatory effects of STZ, aggravating its
neurodegenerative actions.

Let-7a, b and e miRNAs on their insulin signaling pathway-related targets.

Conclusions
This study shows changes in the expression of Let-7a, b
and e miRNAs in association with Letrozole administration, and correlations between the expression of the
studied Let-7 miRNAs and both the status of working
memory and the hippocampal p-Tau levels, further adding to the evidence of their possible neurotoxic effects.
The association between Letrozole administration and
the increased expression of some Let-7 miRNAs warrants further investigation into the possible effects of this
highly used drug and other brain-related miRNAs, especially those of pathological importance.
Further studies are needed to examine the levels
of expression of Let-7a, b and e miRNAs in the later,
chronic, progressive stages of the STZ-induced sAD
model, and to test the effects of increased expression of

Funding
The authors received no financial support for the research, authorship, and/or
publication of this article.

Abbreviations
aCSF: Artificial cerebrospinal fluid; AD: Alzheimer’s disease; AIs: Aromatase
inhibitors; Akt: Protein kinase B; ANOVA: Analysis of variance; AP: Anteropos‑
terior; Aβ: Beta-amyloid; BACE1: Beta-site amyloid precursor protein cleaving
enzyme 1; BBB: Blood brain barrier; CA2: Cornu Ammonis 2; CaCl2: Calcium
chloride; CMC: Barboxy methylcellulose; DV: Dorsoventral; ELISA: Enzymelinked immunosorbent assay; GFAP: Glial fibrillary acidic protein; GLUT2:
Glucose transporter 2; GPER: G-coupled estrogen receptor; GSK3: Glycogen
synthase kinase 3; H&E: Hematoxylin and Eosin; IACUC: Institutional Animal
Care and Use Committee; ICV: Intracerebroventricular; IGF-1R: Insulin-like
growth factor-1 receptors; IR: Insulin receptors; IRSs: Insulin receptor sub‑
strates; KCl: Potassium chloride; LSD: Least significant difference; MCI: Mild
cognitive impairment; MERC: Medical Experimental Research Center; MgCl2:
Magnesium chloride; miRNAs: MicroRNAs; ML: Mediolateral; NaCl: Sodium
chloride; NaH2PO4: Monosodium dihydrogen orthophosphate; NaHCO3:
Sodium bicarbonate; NF-κB: Nuclear factor kappa light chain enhancer of
activated B cells; PBS: Phosphate-buffered saline; PI3K: Phosphatidyl-inositol3-kinase; p-Tau: Hyperphosphorylated Tau; qRT–PCR: Quantitative real-time
reverse transcription–polymerase chain reaction; RT: Reverse transcription;
sAD: Sporadic Alzheimer’s disease; SD: Standard deviation; STZ: Streptozotocin;
TLRs: Toll-like receptors.
Acknowledgements
The authors would like to thank Dr. Nelly Saeed Abdelrahman, department
of Pathology, faculty of Medicine, Zagazig University, for her valuable efforts
in documenting and interpreting pathological findings, as well as Dr. Dina
Sameh El-Rafey, department of Environmental and Occupational Medicine,
faculty of Medicine, Zagazig University for helping with the statistical analysis
of data. The authors would also like to thank Vet. Aml Awad and Vet. Shaimaa
Hassan from the veterinary team of the Medical Experimental Research Center
(MERC) for their valuable input in regards to animal handling and welfare.
We would like to inform you that a preliminary version of this manuscript was
posted as preprint on Research Square on the 26th of April, 2021 (https://
www.researchsquare.com/article/rs-444685/v1. https://doi.org/10.21203/rs.3.
rs-444685/v1).
Author contributions
NM, ME, SA and DA conceived and designed the study. NM and NH ran the
experiments and provided reagents. NM, with the help of the acknowledged
DE, analyzed data. NM wrote the manuscript then it was revised and edited
by NH and DA. The authors declare that all data were generated in-house
and that no paper mill was used. All authors read and approved the final
manuscript.

Availability of data and materials
The data sets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
An ethical approval for this study was obtained from the Institutional Animal
Care and Use Committee (IACUC), Zagazig University (ZU) (Approval number:
ZU-IACUC/3/F/83/2018) and animal experiments followed the ARRIVE
guidelines.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

Moustafa et al. Egypt J Neurol Psychiatry Neurosurg

(2022) 58:70

Author details
1
Department of Medical Physiology, Faculty of Medicine, Zagazig University,
Zagazig, Sharkia 44519, Egypt. 2 Department of Biochemistry and Molecular
Biology, Faculty of Medicine, Zagazig University, Zagazig, Sharkia 44519, Egypt.
3
Department of Medical Biochemistry and Medical Experimental Research
Center (MERC), Faculty of Medicine, Mansoura University, Mansoura, Dakahlia
35516, Egypt. 4 Department of Neurology, Faculty of Medicine, Zagazig Univer‑
sity, Zagazig, Sharkia 44519, Egypt.
Received: 12 October 2021 Accepted: 23 May 2022

References
1. Davey DA. Prevention of Alzheimer’s disease, cerebrovascular disease
and dementia in women: the case for menopause hormone therapy.
Neurodegener Dis Manag. 2017;7(1):85–94.
2. Lane CA, Hardy J, Schott JM. Alzheimer’s disease. Eur J Neurol.
2018;25(1):59–70. https://doi.org/10.1111/ene.13439.
3. Liu QY, Chang MNV, Lei JX, Koukiekolo R, Smith B, Zhang D, et al. Identi‑
fication of microRNAs involved in Alzheimer’s progression using a rabbit
model of the disease. Am J Neurodegener Dis. 2014;3(1):33–44.
4. Lee H, Han S, Kwon CS, Lee D. Biogenesis and regulation of the let-7
miRNAs and their functional implications. Protein Cell. 2016;7(2):100–13.
5. Derkow K, Rössling R, Schipke C, Krüger C, Bauer J, Fähling M, et al.
Distinct expression of the neurotoxic microRNA family let-7 in the
cerebrospinal fluid of patients with Alzheimer’s disease. PLoS ONE.
2018;13(7):1–18.
6. Lehmann SM, Krüger C, Park B, Derkow K, Rosenberger K, Baumgart J,
et al. An unconventional role for miRNA: let-7 activates Toll-like receptor 7
and causes neurodegeneration. Nat Neurosci. 2012;15(6):827–35.
7. Shamsuzzama S, Kumar L, Haque R, Nazir A. Role of microRNA Let-7 in
modulating multifactorial aspect of neurodegenerative diseases: an
overview. Mol Neurobiol. 2016;53(5):2787–93.
8. Gu H, Li L, Cui C, Zhao Z, Song G. Overexpression of let-7a increases
neurotoxicity in a PC12 cell model of Alzheimer’s disease via regulating
autophagy. Exp Ther Med. 2017;14(4):3688–98. https://doi.org/10.3892/
etm.2017.4977.
9. Francess EM, Akat KM, Canfield J, Lockhart J, VanWye J, Matar A, et al.
Modulation of LIN28B/let-7 signaling by propranolol contributes
to infantile hemangioma involution. Arterioscler Thromb Vasc Biol.
2018;38(6):1321–32.
10. Lozier AM, Rich ME, Grawe AP, Peck AS, Zhao P, Chang ATT, et al. Targeting
ornithine decarboxylase reverses the LIN28/Let-7 axis and inhibits glyco‑
lytic metabolism in neuroblastoma. Oncotarget. 2015;6(1):196–206.
11. Shibahara Y, Miki Y, Onodera Y, Hata S, Chan MSM, Yiu CCP, et al. Aro‑
matase inhibitor treatment of breast cancer cells increases the expression
of let-7f, a microRNA targeting CYP19A1. J Pathol. 2012;227:357–66.
12. Cho S, Mutlu L, Zhou Y, Taylor HS. Aromatase inhibitor regulates let-7
expression and let-7f-induced cell migration in endometrial cells from
women with endometriosis. Fertil Steril. 2016;106(3):673–80.
13. Dave N, Gudelsky GA, Desai PB. The pharmacokinetics of letrozole in
brain and brain tumor in rats with orthotopically implanted C6 glioma,
assessed using intracerebral microdialysis. Cancer Chemother Pharmacol.
2013;72(2):349–57. https://doi.org/10.1007/s00280-013-2205-y.
14. Nayebi AM, Pourrabi S, Hossini S. Testosterone ameliorates streptozo‑
tocin-induced memory impairment in male rats. Acta Pharmacol Sin.
2014;35(6):752–7.
15. Zameer S, Vohora D. Effect of aromatase inhibitors on learning and
memory and modulation of hippocampal dickkopf-1 and sclerostin in
female mice. Pharmacol Reports. 2017;69(6):1300–7. https://doi.org/10.
1016/j.pharep.2017.06.002.
16. Alejandre-Gomez M, Garcia-Segura LM, Gonzalez-Burgos I. Administra‑
tion of an inhibitor of estrogen biosynthesis facilitates working memory
acquisition in male rats. Neurosci Res. 2007;58(3):272–7.
17. Aydin M, Yilmaz B, Alcin E, Nedzvetsky VS, Sahin Z, Tuzcu M. Effects of
letrozole on hippocampal and cortical catecholaminergic neurotransmit‑
ter levels, neural cell adhesion molecule expression and spatial learning
and memory in female rats. Neuroscience. 2008;151(1):186–94.

Page 10 of 12

18. Hau J, Schapiro SJ. Handbook of laboratory animal science: essential
principles and practices. 2nd ed. CRC Press; 2002. https://books.google.
com.eg/books?id=G_nKBQAAQBAJ
19. Mehla J, Pahuja M, Gupta YK. Streptozotocin-induced sporadic
Alzheimer’s disease: selection of appropriate dose. J Alzheimers Dis.
2013;33(1):17–21.
20. Cold spring harbor. Artificial cerebrospinal fluid (ACSF). Vol. 2011, Cold
Spring Harbor Protocols. Cold Spring Harbor Laboratory; 2011. http://
cshprotocols.cshlp.org/content/2011/9/pdb.rec065730.full
21. Paxinos G, Watson C. The Rat Brain in Stereotaxic Coordinates: Hard Cover
Edition. Elsevier Science; 2013. https://books.google.com.eg/books?id=
FuqGAwAAQBAJ
22. Sergejeva M, Papp EA, Bakker R, Gaudnek MA, Okamura-Oho Y, Boline
J, et al. Anatomical landmarks for registration of experimental image
data to volumetric rodent brain atlasing templates. J Neurosci Methods.
2015;1(240):161–9.
23. Kjonigsen LJ, Lillehaug S, Bjaalie JG, Witter MP, Leergaard TB. Waxholm
Space atlas of the rat brain hippocampal region: three-dimensional
delineations based on magnetic resonance and diffusion tensor imaging.
Neuroimage. 2015;1(108):441–9.
24. Papp EA, Leergaard TB, Calabrese E, Johnson GA, Bjaalie JG. Wax‑
holm Space atlas of the Sprague Dawley rat brain. Neuroimage.
2014;15(97):374–86.
25. Bakker R, Tiesinga P, Kötter R. The scalable brain atlas: instant web-based
access to public brain atlases and related content. Neuroinformatics.
2015;13(3):353–66.
26. Deacon RMJJ, Rawlins JNP. T-maze alternation in the rodent. Nat Protoc.
2006;1(1):7–12.
27. Wu CYC, Lerner FM, Silva AC, Possoit HE, Hsieh TH, Neumann JT, et al.
Utilizing the modified T-maze to assess functional memory outcomes
after cardiac arrest. J Vis Exp. 2018;2018(131):56694.
28. The University of Texas at Austin. Guidelines for the Use of Cervical Dislo‑
cation for Rodent Euthanasia The University of Texas at Austin Institu‑
tional Animal Care and Use Committee. 2013;1–2.
29. Spijker S. Dissection of rodent brain regions. NeuroMethods.
2011;57:13–26.
30. Silva RH, Abílio VC, Takatsu AL, Kameda SR, Grassl C, Chehin AB, et al. Role
of hippocampal oxidative stress in memory deficits induced by sleep
deprivation in mice. Neuropharmacology. 2004;46(6):895–903.
31. Desjardins P, Conklin D. NanoDrop microvolume quantitation of nucleic
acids. J Vis Exp. 2010;45:2565.
32. Schmittgen TD, Livak KJ. Analyzing real-time PCR data by the compara‑
tive CT method. Nat Protoc. 2008;3(6):1101–8.
33. Livak KJ, Schmittgen TD. Analysis of relative gene expression data
using real-time quantitative PCR and the 2-ΔΔCT method. Methods.
2001;25(4):402–8.
34. Perl DP. Neuropathology of Alzheimer’s disease. Mt Sinai J Med.
2010;77(1):32–42.
35. DeTure MA, Dickson DW. The neuropathological diagnosis of Alzheimer’s
disease. Mol Neurodegener. 2019;14(1):32. https://doi.org/10.1186/
s13024-019-0333-5.
36. De La Monte SM, Wands JR. Review of insulin and insulin-like growth fac‑
tor expression, signaling, and malfunction in the central nervous system:
relevance to Alzheimer’s disease. J Alzheimer’s Dis. 2005;7(1):45–61.
37. Rivera EJ, Goldin A, Fulmer N, Tavares R, Wands JR, De La Monte SM.
Insulin and insulin-like growth factor expression and function deteriorate
with progression of Alzheimer’s disease: link to brain reductions in acetyl‑
choline. J Alzheimer’s Dis. 2005;8(3):247–68.
38. Wang X, Liu P, Zhu H, Xu Y, Ma C, Dai X, et al. miR-34a, a microRNA upregulated in a double transgenic mouse model of Alzheimer’s disease,
inhibits bcl2 translation. Brain Res Bull. 2009;80(4–5):268–73.
39. Wang LL, Min L, Guo QD, Zhang JX, Jiang HL, Shao S, et al. Profiling
microRNA from brain by microarray in a transgenic mouse model of
Alzheimer’s disease. Biomed Res Int. 2017;2017:8030369.
40. Wang JH, Fu Y, Wilson FAW, Ma YY. Ketamine affects memory consolida‑
tion: differential effects in T-maze and passive avoidance paradigms in
mice. Neuroscience. 2006;140(3):993–1002.
41. Grünblatt E, Salkovic-Petrisic M, Osmanovic J, Riederer P, Hoyer S. Brain
insulin system dysfunction in streptozotocin intracerebroventricularly
treated rats generates hyperphosphorylated tau protein. J Neurochem.
2007;101(3):757–70.

Moustafa et al. Egypt J Neurol Psychiatry Neurosurg

(2022) 58:70

42. Qu Z, Jiao Z, Sun X, Zhao Y, Ren J, Xu G. Effects of streptozotocininduced diabetes on tau phosphorylation in the rat brain. Brain Res.
2011;6(1383):300–6.
43. Peng D, Pan X, Cui J, Ren Y, Zhang J. Hyperphosphorylation of tau protein
in hippocampus of central insulin-resistant rats is associated with cogni‑
tive impairment. Cell Physiol Biochem. 2013;32(5):1417–25.
44. Lee C-W, Shih Y-H, Wu S-Y, Yang T, Lin C, Kuo Y-M. Hypoglycemia induces
Tau hyperphosphorylation. Curr Alzheimer Res. 2013;10(3):298–308.
45. Shi L, Zhang Z, Li L, Hölscher C. A novel dual GLP-1/GIP receptor agonist
alleviates cognitive decline by re-sensitizing insulin signaling in the
Alzheimer icv. STZ rat model Behav Brain Res. 2017;1(327):65–74.
46. Gupta S, Yadav K, Mantri SS, Singhal NK, Ganesh S, Sandhir R. Evidence
for compromised insulin signaling and neuronal vulnerability in
experimental model of sporadic Alzheimer’s disease. Mol Neurobiol.
2018;55(12):8916–35.
47. Mishra SK, Singh S, Shukla S, Shukla R. Intracerebroventricular streptozo‑
tocin impairs adult neurogenesis and cognitive functions via regulating
neuroinflammation and insulin signaling in adult rats. Neurochem Int.
2018;1(113):56–68.
48. Alvarez-De-La-Rosa M, Silva I, Nilsen J, Pérez MM, García-Segura LM, Ávila
J, et al. Estradiol prevents neural tau hyperphosphorylation characteristic
of Alzheimer’s disease. In: Annals of the New York Academy of Sciences.
New York Academy of Sciences; 2005. p. 210–24.
49. Picazo O, Espinosa-Raya J, Briones-Aranda A, Cerbón M. Ovariectomy
increases the age-induced hyperphosphorylation of Tau at hippocampal
CA1. Cogn Process. 2016;17(4):443–9.
50. Pase MP, Beiser AS, Himali JJ, Satizabal CL, Aparicio HJ, Decarli C,
et al. Assessment of plasma total tau level as a predictive bio‑
marker for dementia and related endophenotypes. JAMA Neurol.
2019;76(5):598–606.
51. Te LY, Cheng JT, Yao YC, Juo LI, Lo YK, Lin CH, et al. Increased total TAU
but not amyloid-β42; In cerebrospinal fluid correlates with shortterm memory impairment in Alzheimer’s disease. J Alzheimer’s Dis.
2009;18(4):907–18.
52. Cogswell J, Ward J, Taylor I, Waters M, Shi Y, Cannon B, et al. Identification
of miRNA Changes in Alzheimer’s pdf. J Alzheimer’s Dis. 2008;14:27–41.
53. Sørensen SS, Nygaard AB, Christensen T. miRNA expression profiles in
cerebrospinal fluid and blood of patients with Alzheimer’s disease and
other types of dementia—an exploratory study. Transl Neurodegener.
2016;5(1):6.
54. Lv Z, Hu L, Yang Y, Zhang K, Sun Z, Zhang J, et al. Comparative study of
microRNA profiling in one Chinese Family with PSEN1 G378E mutation.
Metab Brain Dis. 2018;33(5):1711–20.
55. Van Harten AC, Mulders J, Scheltens P, Van Der Flier WM, Oudejans
CBM. Differential expression of microRNA in cerebrospinal fluid as a
potential novel biomarker for Alzheimer’s disease. J Alzheimer’s Dis.
2015;47(1):243–52.
56. Hara N, Kikuchi M, Miyashita A, Hatsuta H, Saito Y, Kasuga K, et al. Serum
microRNA miR-501-3p as a potential biomarker related to the progression
of Alzheimer’s disease. Acta Neuropathol Commun. 2017;5(1):10. https://
doi.org/10.1186/s40478-017-0414-z.
57. Kenny A, McArdle H, Calero M, Rabano A, Madden SF, Adamson K, et al.
Elevated plasma microRNA-206 levels predict cognitive decline and
progression to dementia from mild cognitive impairment. Biomolecules.
2019;9(11):734.
58. Kumar P, Dezso Z, MacKenzie C, Oestreicher J, Agoulnik S, Byrne M,
et al. Circulating miRNA biomarkers for Alzheimer’s disease. PLoS ONE.
2013;8(7):e69807.
59. Tan L, Yu JT, Tan MS, Liu QY, Wang HF, Zhang W, et al. Genome-wide
serum microRNA expression profiling identifies serum biomarkers for
Alzheimer’s disease. J Alzheimer’s Dis. 2014;40(4):1017–27.
60. Gámez-Valero A, Campdelacreu J, Vilas D, Ispierto L, Reñé R, Álvarez R,
et al. Exploratory study on microRNA profiles from plasma-derived extra‑
cellular vesicles in Alzheimer’s disease and dementia with Lewy bodies.
Transl Neurodegener. 2019;8(1):31.
61. Chen PS, Su JL, Cha ST, Tarn WY, Wang MY, Hsu HC, et al. miR-107 pro‑
motes tumor progression by targeting the let-7 microRNA in mice and
humans. J Clin Invest. 2011;121(9):3442–55.
62. Wang WX, Rajeev BW, Stromberg AJ, Ren N, Tang G, Huang Q, et al.
The expression of microRNA miR-107 decreases early in Alzheimer’s
disease and may accelerate disease progression through regulation

Page 11 of 12

63.
64.
65.

66.
67.
68.

69.
70.

71.

72.
73.

74.
75.
76.
77.
78.

79.

80.
81.

82.
83.

of β-site amyloid precursor protein-cleaving enzyme 1. J Neurosci.
2008;28(5):1213–23.
Swarbrick S, Wragg N, Ghosh S, Stolzing A. Systematic review of miRNA as
biomarkers in Alzheimer’s disease. Mol Neurobiol. 2019;56(9):6156–67.
Herrera-Espejo S, Santos-Zorrozua B, Álvarez-González P, Lopez-Lopez E,
Garcia-Orad Á. A systematic review of MicroRNA expression as biomarker
of late-onset Alzheimer’s disease. Mol Neurobiol. 2019;56(12):8376–91.
Balbaa M, Abdulmalek SA, Khalil S. Oxidative stress and expression of
insulin signaling proteins in the brain of diabetic rats: role of Nigella sativa
oil and antidiabetic drugs. PLoS ONE. 2017;12(5):e0172429. https://doi.
org/10.1371/journal.pone.0172429.
Jiang S. A regulator of metabolic reprogramming: microRNA Let-7. Transl
Oncol. 2019;12(7):1005–13.
Kil KE, Biegon A, Ding YS, Fischer A, Ferrieri RA, Kim SW, et al. Synthesis
and PET studies of [11C-cyano]letrozole (Femara), an aromatase inhibitor
drug. Nucl Med Biol. 2009;36(2):215–23.
Isanejad A, Alizadeh AM, Shalamzari SA, Khodayari H, Khodayari S, Khori
V, et al. MicroRNA-206, Let-7 and microRNA-21 pathways involved in the
anti-angiogenesis effects of the interval exercise training and hormone
therapy in breast cancer. Life Sci. 2016;151:30–40. https://doi.org/10.
1016/j.lfs.2016.02.090.
Chang PK-Y, Boridy S, McKinney RA, Maysinger D. Letrozole potentiates
mitochondrial and dendritic spine impairments induced by β amyloid. J
Aging Res. 2013;2013:538979.
Eleazu CO, Eleazu KC, Chukwuma S, Essien UN. Review of the mechanism
of cell death resulting from streptozotocin challenge in experimental
animals, its practical use and potential risk to humans. J Diabetes Metab
Disord. 2013;12(1):60.
Salkovic-Petrisic M, Hoyer S. Central insulin resistance as a trigger for
sporadic Alzheimer-like pathology: an experimental approach. In: Neu‑
ropsychiatric Disorders An Integrative Approach. Springer Vienna; 2007. p.
217–33.
Agrawal R, Tyagi E, Shukla R, Nath C. Insulin receptor signaling in rat
hippocampus: a study in STZ (ICV) induced memory deficit model. Eur
Neuropsychopharmacol. 2011;21(3):261–73.
Kamat PK, Kalani A, Rai S, Tota SK, Kumar A, Ahmad AS. Streptozotocin
intracerebroventricular-induced neurotoxicity and brain insulin resist‑
ance: a therapeutic intervention for treatment of sporadic Alzheimer’s
disease (sAD)-like pathology. Mol Neurobiol. 2016;53(7):4548–62.
Frost RJA, Olson EN. Control of glucose homeostasis and insulin
sensitivity by the Let-7 family of microRNAs. Proc Natl Acad Sci USA.
2011;108(52):21075–80.
Zhu H, Shyh-Chang N, Segrè AV, Shinoda G, Shah SP, Einhorn
WS, et al. The Lin28/let-7 axis regulates glucose metabolism. Cell.
2011;147(1):81–94.
Sung Y, Jeong J, Kang R, Choi M, Park SSJ, Kwon W, et al. Lin28a expression
protects against streptozotocin-induced β-cell destruction and prevents
diabetes in mice. Cell Biochem Funct. 2019;37(3):139–47.
Peixoto P, Aires RD, Lemos VS, Bissoli NS, dos Santos RL. GPER agonist
dilates mesenteric arteries via PI3K-Akt-eNOS and potassium channels in
both sexes. Life Sci. 2017;15(183):21–7.
Bian C, Bai B, Gao Q, Li S, Zhao Y. 17β-estradiol regulates glucose metabo‑
lism and insulin secretion in rat islet β cells through GPER and Akt/mTOR/
GLUT2 pathway. Front Endocrinol. 2019;10:531. https://doi.org/10.3389/
fendo.2019.00531/full.
Frick KM. Estrogens and Memory: Basic Research and Clinical Implications
[Internet]. Oxford University Press; 2019. 136 p. (Oxford Series in Behav‑
ioral Neuroendocrinology). https://books.google.com.eg/books?id=vu_
GDwAAQBAJ
Honda K, Sawada H, Kihara T, Urushitani M, Nakamizo T, Akaike A, et al.
Phosphatidylinositol 3-kinase mediates neuroprotection by estrogen in
cultured cortical neurons. J Neurosci Res. 2000;60(3):321–7.
Islam F, Javed H, Vaibhav K, Ahmed ME, Khan A, Tabassum R, et al. Effect
of hesperidin on neurobehavioral, neuroinflammation, oxidative stress
and lipid alteration in intracerebroventricular streptozotocin induced
cognitive impairment in mice. J Neurol Sci. 2015;348(1–2):51–9.
Parachikova A, Agadjanyan MG, Cribbs DH, Blurton-Jones M, Perreau V,
Rogers J, et al. Inflammatory changes parallel the early stages of Alzhei‑
mer disease. Neurobiol Aging. 2007;28(12):1821–33.
Zameer S, Kaundal M, Vohora D, Ali J, Kalam Najmi A, Akhtar M. Ameliora‑
tive effect of alendronate against intracerebroventricular streptozotocin

Moustafa et al. Egypt J Neurol Psychiatry Neurosurg

(2022) 58:70

induced alteration in neurobehavioral, neuroinflammation and biochemi‑
cal parameters with emphasis on Aβ and BACE-1. Neurotoxicology.
2019;1(70):122–34.
84. Buonfiglioli A, Efe IE, Guneykaya D, Ivanov A, Huang Y, Orlowski E, et al.
let-7 microRNAs regulate microglial function and suppress glioma
growth through toll-like receptor 7. Cell Rep. 2019;29(11):3460-3471.e7.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Page 12 of 12

