Sys Rev Pharm 2022; 13(11): 756-760

A multifaceted review journal in the field of pharmacy

Research Article

E-ISSN 0976-2779 P-ISSN 0975-8453 / DOI: 10.31858/0975-8453.13.11.756-760

Analysis of the Expression of mTOR in Tissues of Females
of Species Mesocricetus auratus Infected by Zika Virus

Luan Filipe de Souza Pereira’, Edivaldo Herculano Correa de Oliveira, Karla Fabiane Lopes de Melo, Francisco Canindé Ferreira

de Luna, Edna Cristina Santos Franco, Pedro Fernando da Costa Vasconcelos, Samir Mansour Moraes Casseb

Department of Infectious Diseases, Instituto Evandro Chagas (IEC), Para, Brazil

Article History: Submitted: 20.10.2022
ABSTRACT

Arboviruses are recognized by the World Health Orga-
nization (WHO) as a major public health problem, due
to their growing territorial spread and the great need
for preventive and control actions, which are increas-
ingly complex. Among the arboviruses that present
the greatest circulation is the Zika virus (ZIKV). Thus,
this work aims to evaluate the expression of mam-
malian Target of Rapamycin (MTOR) in tissues of fe-
males of the species Mesocricetus auratus infected
with the Zika virus. The samples used in this study
come from a larger project entitled “Experimental Zika
virus infection in golden hamsters (Mesocricetus au-
ratus)” from the sexually transmitted group, previous-
ly approved by the Ethics Committee on Animal Use
(CEUA) of Evandro Chagas Institute with registration

INTRODUCTION

Arboviruses are recognized by the World Health Organization
(WHO) as a major public health problem, due to their growing
territorial spread and the great need for preventive and control
actions, which are increasingly complex. Among the arboviruses
that present the greatest circulation is the Zika virus (ZIKV) (Vi-
centi, et al., 2020).

ZIKV was first isolated from a female Rhesus monkey in the Zika
forest (Uganda) in 1947. It remains in tropical and subtropical
ecologies in Africa and Asia, causing mild symptoms in humans
(Wikan N and Smith DR, 2016; Vasconcelos PE, 2015).

After its viral isolation in the late 1940s, new cases of infection
caused by Zika in humans were detected in Uganda in 1952. The
ZIKV belongs to the Flaviridae family and the Flavivirus genus,
having a genome of Ribonucleic Acid (RNA) single-stranded and
positive polarity (Dick GW, et al., 1952; Medeiros D and Vascon-
celos PE, 2019).

The ZIKV is transmitted through the bite of the Aedes aegypti
mosquito, and its transmission is considered a major concern for
public health, given that these arthropods are distributed in trop-
ical and subtropical areas, covering a considerable contingent of
susceptible individuals. In addition to transmission by mosquito
bites, other authors have described the transmission of the virus
through sexual, perinatal and blood transfusions (Wikan N and
Smith DR, 2016; Haddow AD, et al., 2012).

Reports point out that the ZIKV was introduced in Brazil during
the 2014 soccer world cup, starting an epidemic in the northeast-
ern capitals that hosted the games. However, other events that
took place in Brazil may also have contributed to the entry of the
virus in the country, the Pope's visit in 2013 and a canoeing com-
petition in 2014, both of which took place in the city of Rio de
Janeiro (Vasconcelos PE, 2015).

This virus causes a febrile illness discretely related to the occur-
rence of other symptoms, such as headache, rash, malaise, edema
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number 24/2016. The samples are a total of 63 sam-
ples, divided between ZIKV-infected and non-infect-
ed animals. This study showed how Zika virus may
be related to mTOR 1 and mTOR 2 expressions. The
comparative results to viral load emphasize the cor-
relation between the virus and mTOR. Such correla-
tion is of importance to ZIKV, for protein regulation
pathways and virus interference on those pathways
may turn out to be a factor related to its pathogenic
mechanism.
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and joint pain, sometimes intense. However, Zika infection has
also been linked to more severe cases, which include involve-
ment of the central nervous system (Guillain-Barré syndrome,
transverse myelitis and meningitis). In 2015, the ZIKV aroused
the curiosity of the international scientific community, when it
reported that the infection in pregnant women was related to se-
vere cases of microcephaly in newborns (Campos GS, et al., 2015;
Schuler-Faccini L, et al., 2016).

Studies involving rodents were of great importance to clarify in-
formation about Zika infection, showing that the virus can affect
the brain during development, resulting in serious neurological
deficiencies in addition to anatomical malformations (Zanluca C,
et al,, 2015).

Within this context, nTOR pathways have shown great relevance,
as notable changes in cell metabolism during the early stages of
neuronal stem cell differentiation are crucial for brain develop-
ment. Studies demonstrate that ZIKV inhibits the mTOR signa-
ling pathway, which causes aberrant autophagy activation, pro-
moting virus replication and propagation (Liang Q, et al., 2016).

Thus, this work aims to evaluate the expression of mTOR in tis-
sues of females of the species Mesocricetus auratus infected with
the Zika virus.

METHODS
Samples and ethical aspects

The samples used in this study come from a larger project en-
titled “Experimental Zika virus infection in golden hamsters
(Mesocricetus auratus)” from the sexually transmitted group,
previously approved by the Ethics Committee on Animal Use
(CEUA) of Evandro Chagas Institute with registration number
24/2016, according to Animal Research: Reporting of In Vivo Ex-
periments (ARRIVE) guidelines and in accordance with relevant
guidelines and regulations.

The samples are a total of 63 samples, divided between ZIKV-in-
fected and non-infected animals as in the table below (Table 1).
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Table 1: Samples with the organ, days post infection (dpi), animals,
number of animals and ID

Organ | Days postin- | Animals Number of ID
fection (dpi) animals
Brain 3 Adult 6 Infected, 3 | CF-3 dpi
female not infected
Brain 7 Adult 6 Infected, 3 | CF-7 dpi
female not infected
Brain 23 Adult 6 Infected, 3 | CF-23 dpi
female not infected
Uterus 3 Adult 6 Infected, 3 | UT-3 dpi
female not infected
Uterus 7 Adult 6 Infected, 3 UT-7 dpi
female not infected
Uterus 23 Adult 6 Infected, 3 | UT-23 dpi
female not infected
Brain | Infected moth- | New born 6 Infected, 3 | CN-23 dpi
er* not infected
Note: *The mother infected in early pregnancy

RNA extraction

To obtain the genetic material, the samples were processed using the Max-
well 16 LEV mRNA Tissue kit (Promega, USA) according to the manufac-
turer's protocol and then quantified by the qubit 2.0 platform (Invitrogen,
USA).

Quantification of viral load

To quantify the viral load, the commercial GoTagProbe 1-Step RT-qPCR
System kit (Promega, USA). Together with the absolute curve quantifi-
cation method, using a plasmid cloned in pGEM easy vector (Promega,
USA) of the genome of the ZIKV using the protocol described by Faye O,
et al., (Faye O, et al., 2008).

Quantification of mTOR expression

To quantify the machinery of the mRNAs, the 2-step qPCR kit (Promega,
USA) was used, where the complementary DNA (cDNA) performed using
100 ng of messenger RNA (mRNA) from each extracted sample. Then, the
expression of the targets mTOR 1 and mTOR 2 was performed by quan-
titative Polymerase Chain Reaction (qQPCR) using the following primers:
mTOR 1_F (AGGCCGCATTGTCTCTATCAA), mTOR 1_R (GCAG-
TAAATGCAGGTAGTCATCCA), mTOR 2_F (TCTACCACGACAG-
CCCGGCA) and mTOR 2_R (TGGGGGCCCCGTTCCATCAT).
Expression control used Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH), gene (F-GTTGTCTCCTGCGACTTCA and R-GGTGGTC-
CAGGGTTTCTTA) and B-Actin (F-CTGTCCCTGTATGCCTCTG and
R-ATTGTCACGCACGATTTCC) (Passtoors WM, et al., 2013).

The quantification of the expression level of the mRNAs based on the Cts
(Threshold Cycle) obtained, using the 2**“'method, through the R-project
program (r-project.org) (Livak KJ and Schmittgen TD, 2001).

Statistical analysis

For statistical analysis, the Shapiro-Wilk normality verification test, Analy-
sis of Variance (ANOVA), and Pearson's correlation were performed. All
analyses were performed on the Jamovi 2.0 program (https://www.jamovi.
org).

RESULTS

During our analysis, it was possible to quantify the viral loads in the ani-
mals included in the study. A higher viral load was found both at the fe-
males brains (CF) and at their uteri (UT) at 3 dpi. At 7 dpi a significant
decrease was already possible (p=0.027) for CF; however, such a reduction
is not as remarkable as the uteri (p=1.0) (Figure 1).
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Figure 1: Quantification of viral loads on samples infected by Zika
virus applying the Reverse Transcription-quantitative Polymerase
Chain Reaction (RT-qPCR) method

At 23 dpi it is possible to verify the absence of viral loads in CE while the
UT group shows a reduction when compared to the 3 dpi mark (p=0.045).

The group also includes newborn individuals (CN) presenting a viral load
close to that of the UT group at 23 dpi, and no significant variation of
viral load was detected within any of those groups during this time span
(p=0.80).

After ascertaining viral loads, the RT-qPCR test for mammalian Target
of Rapamycin Complex-1(mTORC) expression was applied on the same
groups and samples used for viral load quantification. It was therefore
possible to compare both mRNA expression from mTORCI and viral
load (Figure 2). Different viral loads were determined between the groups
(p=0.029), and a variation may be seen along the ZIKV infection period.

Through analysis of mTOR 1 numbers it is possible to detect a variation
over infection time and it is made clearer when comparing the 3 dpi to
the 23 dpi marks, when the CF group figures drop sevenfold (p=0.001)
between 3 and 23 dpi. When comparing the same time span, a decrease
by a factor of 4 (p=0.049) was noticeable. It is worth emphasizing that all
periods were compared to noninfected samples.
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Figure 2: Quantification of mTOR 1 mRNA during Zika virus in-
fection (A) mRNA mTOR 1 expression during zika infection with
delta-delta threshold cycle (ddct) method (B) Comparison between
viral load and mTOR 1 expression during ZIKV infection
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After mTOR 1 analysis, a quantification of mTOR 2 expression was con-
ducted applying the same previous parameters, i.e., infected samples were
compared to noninfected animals (control group). mTOR 2 as it turned
out was quite different from mTOR 1, as a decrease in mTOR 2 expression
was determined over the whole period of study (Figure 3).

By following the same comparison principle applied to mTORCI, it was
possible to establish an important variation in the CF group from 3 to 7
dpi (p<0.001). When comparing 3 to 23 dpi in CE a noticeable variation
was also found (p=0.014). However, CF’s variation from 7 to 23 dpi was
not noteworthy.
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As for the UT group, the comparison shows only one important variation,
between 3 and 23 dpi (p=0.039). Attention should be drawn to the fact
that, during the whole period of study, both UT and CF groups showed
a decreasing mTOR 2 expression. Such expressions went from 2 down to
9 times lower. The CN group also showed a lower expression than that of
the control group, around 6 times lower, similar to the UT-23 dpi group.

After the individual analyses, mTOR 1 and 2 were evaluated to determine
any type of correlation during the ZIKV infection, and the Pearson Cor-
relation test was performed. During this test, apart from the comparison
between mTORC1 and 2, mTOR 1, mTOR 2 and viral load were also con-
trasted (Figure 4).
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Figure 3: Quantification of mTOR 2 mRNA during Zika virus infection (A) mRNA mTOR 2 expression during zika infection with ddct method
(B) Comparison between viral load and mTOR 2 expression during ZIKV infection
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It is important to emphasize that sizable variations could be determined
between all the studied groups, as well as between the targets, for both ex-
pression and viral load.

DISCUSSION

mTOR coordinates many cellular processes in living organisms, regulat-
ing homeostasis, protein synthesis, transcription, autophagy, metabolism,
brain function and the maturation of different tissues.

The discovery that regulation of mTOR signaling pathways correlates to
persisting viral loads suggests that an infection by ZIKV may directly influ-
ence mTOR mechanics, promoting the survival of infected cells.

The mTOR signaling shows a vital role in neurological development, in-
cluding the proliferation of neural stem cells, the development of neural
circuits, plasticity and more complex functions.

A study conducted by Liang Q, et al. demonstrated that NS4A and NS4B
Non-Structural protein from ZIKV can suppress the AKT-mTOR sig-
naling pathway, which is the main responsible for controlling autophagy
stimulation in eukaryotic cells, hence inducing autophagy (Liang Q, ef al.,
2016; Makker A, et al., 2016).

The Appelberg S, et al. emphasizes that changes to the AKT-mTOR signa-
ling pathway are critical, not only for autophagy regulation, but for cortical
development as well, as permanent inhibition may result in microcephaly
(Appelberg S, et al., 2020).

This study showed how Zika virus may be related to mTOR 1 and mTOR
2 expressions. The comparative results to viral load emphasize the cor-
relation between the virus and mTOR. Such correlation is of importance
to ZIKYV, for protein regulation pathways and virus interference on those
pathways may turn out to be a factor related to its pathogenic mechanism.

Laboratory tests demonstrate a correlation between mTOR 1, mTOR 2 and
defensive cells (macrophages and neutrophils), which may suggest that the
virus, through modifications to those paths, may induce proliferation of
those cells.

It is worth pointing out that mMTORC1 may be correlated to the macro-
phage signaling process, as it is even possible to modulate the inflam-
matory process during an infection by ZIKV. Correlations exist with the
autophagy process and even with the cellular cycle regulation in various
flaviviruses, like dengue (Kong W, et al., 2020). Our study demonstrates a
significant increase in mMTORCI expression levels during the whole infec-
tious process, which reiterates the occurrence of autophagy inside tissues,
as described in literature.

Regarding mTORC2, a significant reduction in expression may be ob-
served along the ZIKV infection process, which is linked to cellular lon-
gevity and to maintenance processes in the infected cells. This reasoning
becomes more evident when we consider mTORC2 shows increased ex-
pression during the cellular maintenance cycle and when attempting cel-
lular repair.

Our study showed a correlation between mTOR 1 and 2 during ZIKV in-
fection, and such correlation appears to be closely connected, not only to
infection duration and viral load, but to infected tissues as well, as our ex-
periments involved neural tissue and the reproductive system.

Studies such as Rothan HA, et al. that verified changes in cellular metab-
olism during ZIKV infection, have correlated higher mTOR 1 expressions
during an increase in viral load with a decrease in mTOR 2 in the same
period, which corroborates our findings (Rothan HA, et al., 2019).

Our data, however, shows that a negative expression process for mTOR 2
with a positive expression for mTORCI1 will occur both in mature neural
cells, represented by the CF group, and in newborn cells, represented by
CN. It is therefore possible to observe that ZIKV not only acts upon cellu-
lar differentiation, but on cellular metabolization and repair as well (Araki
K, et al., 2009).
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Our results appear to contribute to recent papers pointing to the relevance
of mTOR to ZIKV maintenance and replication. Those findings demon-
strate how mTOR is not only involved with cellular processing and main-
tenance.

Processes as autophagy are of great importance during the ZIKV infection,
which is made clear by reviewing the results of Chiramel AI and Best SM
demonstrates how important mTOR pathways are to the autophagy pro-
cess inside neural tissues during infection by ZIKV (Chiramel Al and Best
SM, 2018).

Collins SL, et al. covered the importance of this pathway for macrophage
inflammatory signalling (Collins SL, et al., 2021). It makes clear how the
mTOR pathways are a key to ZIKV maintenance and viral replication in
very specific types of tissue, as those covered in the present work.

Detailed analyses of mTOR functions for other RNA viruses like Severe
Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2), Hepatitis C
and Dengue 2 establish the relevance of mMTOR pathways for the mainten-
ance of infected cells and demonstrate how a reduced mTOR 2 expression
may favor a viral infection, which is noticeable in the groups examined in
our study (Lee EB, et al., 2020; Bowman LJ, et al., 2018).

CONCLUSION

In the present work, we were able to detect an important connection be-
tween mTOR 1 and mTOR 2 pathways during a ZIKV infection to cells
from the nervous system and to cells from the female reproductive system.
Also, those mTOR pathways are most important for the continuation of
the ZIKV infection process during the infection period, and that such im-
portance is not limited to cellular autophagy processes but reaches other
cellular maintenance functions. It should be highlighted that the differ-
ence in expression from mTOR pathways in neural cells not only occurs
in young neural cells, like those from newborn individuals, but in mature
neural cells as well.
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