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Background: Although evidence exists on the potential involvement of circular RNAs (circRNAs) in the pathogenesis of several
viral infections, the expression levels, and the exact role that hsa_circ_0006459 and hsa_circ_0015962 could play during the
Dengue virus (DENYV) infection are still unclear. These two circRNAs were identified as possible biomarkers for diagnosis and
prognosis of DENV disease in peripheral blood mononuclear cells (PBMC) of Dengue-positive patients. This study aimed to
evaluate the expression levels of hsa circ_ 0006459 and hsa_circ_0015962 in DENV-infected patients and compare them with
healthy donors (HD) to provide new insights into the biological significance of these two circRNAs’ expression.

Methods: We examined the presence and expression levels of isa_circ_0006459 and hsa_circ_0015962 in PBMC of DENV-patients
throughout a period of 28 days after the DENYV diagnosis. HD was used as a control group.

Results: Our results show different expression levels and patterns between hsa_circ_0006459 and hsa_circ_0015962, both in
DENY patients and HD.

Conclusion: Possible change in the /isa_circ_0006459 expression during DENYV infection was observed, mainly at the time of
diagnosis, but without a consistent pattern among patients during follow-up. Further studies are needed to clarify their expression
levels and function both in Dengue-positive patients and HD.
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Introduction During viral infections, circRNAs often show abnor-

' ' mal expression and can be detected in the host’s cells, body
Circular RNAs (circRNAs) are a class of endoge-  fluids, or tissues [1]. Moreover, circRNAs play a key role

nous non-coding RNAs characterized by a special single- in regulating the host’s immune response and virus replica-
stranded, covalently closed circular structure that exerts tion [1]. For instance, circRNAs are involved in proline-
many biological functions by acting as transcriptional reg-  oJytathione metabolisms and possibly in the mechanistic
ulators, microRNA sponges, and protein templates, also target of rapamycin (mTOR) signaling pathway after hu-
playing a significant role in cell proliferation, angiogenesis, man papillomavirus 16 infection [13], enhance influenza A

and apoptosis [1-5]. Since 1976, when circRNAs were dis-  virys replication by suppressing autophagy [14], and exert
covered [6,7], they have peen increasipgly studied, as more an antiviral effect promoting oncogenesis during the her-
molecules related to various human diseases, such as neu-  pegvirus type 8 infection [15,16]. These findings make
rodegenerative disorders (e.g., Alzheimer’s disease), can-  ¢jrcRNAs potentially useful as a novel biomarker for di-
cer (e.g., breast cancer and leukaemia), and cardiovascular  aonosis and clinical progression of viral infections. Nev-
diseases have been identified [1,3,8—12]. Some biochemi- ertheless, the role of circRNAs in Dengue virus (DENV)
cal features of circRNAs, such as their stability and tissue infection is not well understood [17]. In 2019, He et
specificity, make them potential biomarkers for different al. [18] identified two circRNAs (hsa_circ_0006459 and
clinical settings [3,8-12]. hsa_circ_0015962) as potential biomarkers of disease pro-

gression in peripheral blood mononuclear cells (PBMC)

from patients with Dengue fever (DENF), showing the
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down-regulation of the hsa circ 0006459 and the up-
regulation of the Asa_circ_0015962, probably influencing
the host response to DENV treatment.

DENV infection affects more than 100 countries in
tropical and subtropical regions, including the Americas,
Asia, Australia, and Africa, and causes about 400 million
cases and 22,000 deaths globally every year [19]. Although
DENYV is endemic in most countries, a recent expansion of
DENYV cases beyond historical areas of presence has been
observed, and higher transmission rates are expected in the
future in other geographic areas due to favorable climate
conditions for the spread of mosquitoes [20]. In 2023 a to-
tal of 377 cases of DENV infection were reported in Italy;
among these, 82 had no travel history and were considered
autochthonous [21], with 50% (41 out of 82) cases occur-
ring in the Lazio region [21].

Given the lack of biomarkers for DENV infection pro-
gression, which could be very useful in predicting disease
evolution in patients, the potential diagnostic use of these
two circRNAs, previously analyzed from other groups, was
investigated in the follow-up of infected patients. To this
aim, we retrospectively analysed the prevalence and expres-
sion levels of the sa_circ_0006459 and hsa_circ_0015962
circRNAs at different time points [i.e., on the day of the first
DENV positive result (T0), and then on days 7 (T7), 15
(T15), and 28 (T28) from the diagnosis] in patients admit-
ted to the National Institute for Infectious Diseases “Laz-
zaro Spallanzani” in Rome with a history of fever during
the 2023 epidemic. We also analyzed a control group of
healthy donors (HD) at two different time points to evaluate
the basal expression level of these two circRNAs without
DENV infection. The further purpose of this study was to
compare the expression levels of the isa_circ_ 0006459 and
hsa_circ_0015962 in HD versus DEN V-infected patients to
give new insight into the biological significance of the ex-
pression of these two circRNAs.

Materials and Methods

Study Population and Samples

The control group consisted of fourteen HD (9 females
and 5 males; mean age, 39 years, Interquartile Range (IQR):
20, range, 24 to 61 years) selected only on the basis of
their good health state and absence of comorbidities. The
group with DENV infection included 10 patients who came
to the National Institute for Infectious Diseases “Lazzaro
Spallanzani” with a suspected diagnosis of DENV infec-
tion from September to December 2023. The only crite-
rion for inclusion was not having an epidemiological link
of travel to endemic areas, therefore excluding imported
cases. The mean age was 51 years (IQR: 35), three pa-
tients were males, and seven were females. At admis-
sion, patients were tested for DENV non-structural pro-
tein 1 (NS1) and IgM and IgG by Standard F Dengue NS1
Ag FIA and Standard F Dengue IgM/IgG FIA (SD Biosen-

sor, Suwon, Republic of Korea [22]; Lot: 6475523 AC and
6485181AC), respectively. Additionally, specific real-time
reverse transcription polymerase chain reaction (RT-PCR)
tests on blood or plasma matrix for confirming the diagno-
sis of DENV infection, for the DENV serotype discrimina-
tion, and during follow-up were performed according to the
Centers for Disease Control and Prevention [23]. Briefly,
RNA was reverse transcribed and amplified using Invit-
rogen SuperScript™ III Platinum® One-Step Quantitative
RT-PCR System (Thermo Fisher Scientific, Waltham, MA,
USA; Lot: 2151250) for the detection and typing of DENV.
Primers used for PCR amplification were previously de-
scribed [23,24] (Supplementary Table 1).

After giving consent, patients had blood drawn with
ethylenediaminetetraacetic acid (EDTA) tubes on TO, T7,
T15, and T28. Total PBMC were separated right after
blood collection by standard Ficoll-Hypaque (Cedarlane,
Burlington, Ontario, Canada; Lot: 25-65) density-gradient
centrifugation, rinsed with plenty of phosphate-buffered
salines, and then treated with Red Blood Cell Lysis Solu-
tion (Miltenyi Biotec, Bologna, Italy; Lot: 5240508454) to
achieve maximum removal of the remaining red blood cells.
Plasma and PBMC samples were immediately stored at —80
°C and kept frozen until use. Various biological parameters
(i-e., red blood cell count, haemoglobin, haematocrit, mean
corpuscular haemoglobin, mean corpuscular haemoglobin
concentration, red blood cell distribution, platelet, mean
platelet volume, white blood cell, neutrophil, lymphocyte,
monocyte, eosinophilia, basophil) were assessed in the
blood of infected patients at TO.

RNA Extraction and CircRNA Detection

Nucleic acid extraction was performed from PBMC
of HD and DENV patients by the QlAamp DNA Blood
Mini Kit (Qiagen, Hilden, Germany; Lot: 178018946)
on the QiaSymphony automatic extractor (Qiagen, Hilden,
Germany). After extraction, samples were treated with
the TURBO DNA-free™ Kit (Thermo Fisher Scientific,
Waltham, MA, USA; Lot: 01340918) and RNase R (Ab-
cam, Cambridge, UK; Lot: 1021059238) to isolate circR-
NAs, following the manufacturer’s instructions.

KAPA SYBR One-Step qRT-PCR Master Mix
Kit (Merck, Milano, Italy; Lot: 0000203714) was
used to reversetranscribe, amplify, and quantify the
hsa_circ_0006459 and hsa_circ_ 0015962 circRNAs.
Primers used for PCR amplification were previously
described by He ef al. [18] (Supplementary Table 1).
B-actin was used as an internal control (Supplementary
Fig. 1). For statistical calculations, an arbitrary value
of 450.1 cycle-threshold (Ct) was assigned to negative
samples.

Statistical Analysis

GraphPad Prism version 9.3.1 (GraphPad Software,
La Jolla, CA, USA) was used for data management
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Fig. 1. Levels of the two circRNAs measured in PBMC of HD at the first and second sample collections.

the hsa_circ_0006459.

(B) Graphical representation of changes in the expression of the hsa circ_0006459.
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hsa_circ_0015962. (D) Graphical representation of changes in the expression of the Asa_circ_0015962. The dotted line indicates the
low limit of detection. Negative samples were assigned a cycle-threshold (Ct) value of 45.01. The mean Ct value (+ standard deviation)
refers to circRNA-positive samples. 1SC, first sample collection; 2SC, second sample collection; circRNAs, circular RNAs; PBMC,

peripheral blood mononuclear cells; HD, healthy donors.

and statistical analyses: Spearman correlation, median,
IQR, mean, standard deviation (SD), and Mann-Whitney
test. In particular, the Spearman correlation of confi-
dence interval was used to analyze the correlation be-
tween hsa_circ_ 0015962, hsa_circ_0006459, and biolog-
ical parameters; the Mann-Whitney test to check whether
there are significant differences in the expression level of
hsa_circ_0015962 and hsa_circ_0006459 between HD and
DENV-positive patients. A p-value < 0.05 was considered
significant.

Results

Clinical Characteristics of DENV-Positive Patients

DENV-positive patients had a median of 6 days (IQR:
2) between the onset of symptoms and the laboratory confir-
mation. They were confirmed as DENV-positive by a rapid
screening test: nine out of ten patients had the DENV anti-
gen NS1, seven had anti-DENV IgM, and three had anti-
DENV IgG. At T0, the mean (4 SD) Ct value of DENV was
25.5 £+ 8.2, and, after 28 days, no DENV-RNA was found
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Table 1. Prevalence of the hsa_circ_0006459 and hsa_circ_0015962 circRNAs in healthy donors and DENV-positive patients.

hsa_circ_0006459

hsa_circ_0015962

N. positive/total examined (%)

N. positive/total examined (%)

1SC! 13/14 (93) 8/14 (57)
Healthy donors

28C?2 14/14 (100) 6/14 (43)
TO 6/7 (86) 2/7 (29)
.. . T7 6/10 (60) 3/10 (30)

DENV3-positive patients
T15 6/10 (60) 0/10 (0)
T28 5/10 (50) 1/10 (10)

1 1SC: first sample collection; 2 2SC: second sample collection; > DENV: Dengue virus; TO, T7,
T15, and T28: first positive DENV result (T0), and then on days 7 (T7), 15 (T15), and 28 (T28)

from the diagnosis. The small number of patients at TO is because we ran out of samples, so we

could not perform the analysis.

in any patient. Three patients had a DENV-1 serotype in-
fection, one patient had a DENV-2 serotype infection, and
six patients had a DENV-3 serotype infection. The most
common symptoms of DENV-positive patients were fever
(90%), arthromyalgia (90%), skin rash (60%), headache
(40%), and nausea (40%). Noteworthy, all patients got
the same treatment based on paracetamol following inter-
national guidelines [25].

Laboratory tests performed at the time of the hospi-
tal admission, showed a median of 3900/mm? for white
blood cells (IQR: 230), 890/mm3 for lymphocytes (IQR:
540), 134 mm? for platelets (IQR: 126), 59 U/L for as-
partate aminotransferase (IQR: 44), and 48 U/L for alanine
transaminase (IQR: 45). Haemoglobin and creatinine levels
were normal. Spearman correlation did not show a signif-
icant correlation between any of these parameters and cir-
cRNA expression in DENV-positive patients.

None of the patients had Chikungunya virus, human
immunodeficiency virus, hepatitis B virus, or hepatitis C
virus infections.

Detection and Levels of the hsa_circ_0006459 and
hsa_circ_0015962 CircRNAs in PBMC of HD and
DENV-Positive Patients

Analysis of isa_circ_0006459 and hsa_circ_0015962
was performed twice in PBMC of HD to verify both their
presence and the stability of the levels over time. As shown
in Table 1, on the first sample collection (1SC), 13 out
of 14 (93%) HD tested positive for the expression of the
hsa_circ_0006459, while the hsa_circ_0015962 was de-
tected in 8 out of 14 (57%) individuals. In the second sam-
ple collection (2SC), there was a slight difference in the
occurrence of the two circRNAs: 100% and 43%, respec-
tively. In detail, one HD who tested negative for both circR-
NAs in the 1SC became positive for the sa_circ_0006459
in the 2SC; moreover, three HDs turned negative for the
hsa_circ_0015962 in the 2SC.

In DENV-positive patients, Asa_circ_0006459 and
hsa_circ_0015962 were monitored at selected time points:
TO, T7,T15, and T28. As shown in Table 1, at baseline, the

hsa_circ_0006459 and hsa_circ 0015962 circRNAs were
detected in 6 out of 7 patients (86%) and 2 of 7 patients
(29%), respectively.

During the follow-up (T7-T28), changes in occur-
rence for both circRNAs were observed in some patients
(Table 1). The hsa_circ_0006459 was detected in 60-50%
of patients, while the sa_circ_0015962 was found in 30%,
0%, and 10% of patients at T7, T15, and T28, respectively.

We also measured the two circRNAs in PBMC of HD
and DENV-positive patients at the indicated time points. In
HD, the hsa_circ_ 0006459 had a mean (&= SD) Ctof23.1 £
10.6 in the first sample and a mean (£ SD) Ct of 29.4 + 3.8
in the second sample (no statistically significant difference
was observed; Fig. 1A). In only one HD from a negative
result in the 1SC, the Ahsa_circ_0006459 becomes positive
at 2SC (Fig. 1B).

For the other circRNA, the Ct values are shown in
Fig. 1C,D. The mean (£ SD) Ct was 26.5 £ 9.4 in the 1SC,
while in the 2SC, three donors turned negative and one be-
came positive, and the mean (£ SD) Ct was 32.8 £ 2.5
among the six positive donors (no statistically significant
difference was observed, p > 0.05).

The mean Ct value (£ SD) of the hsa_circ_0006459 in
DENV-positive patients at TO was Ct 26.4 4 9.6 (Fig. 2A).
However, there was a wide variation in the individual
hsa_circ_0006459 Ct values among the patients, from 13.3
to 37.5 (95% confidence interval: 16.3-36.5), and one pa-
tient even tested negative.

This circRNA was undetected in 4/10 patients at
T7 and at T15, and one patient showed this non-coding
RNA above 28.0 Ct both at T7 and T15. At T28, the
hsa_circ_0006459 was absent in the PBMC of half of the
patients. At T7, positive patients showed a mean Ct value
+ SD of 30.8 4+ 4.0, 30.0 & 4.6 at T15, and 29.6 £+ 2.5 at
T28.

Regarding the hsa_circ_0015962, two out of ten indi-
viduals tested positive at TO, but with high Ct levels (mean
Ct values (£ SD): 38.4 + 0.4) (Fig. 2B). One patient had
a high level of hsa_circ_0015962 at T7 (Ct 24.9); all sam-
ples were negative at T15; one patient turned positive at
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Fig. 2. Graphical representation of levels of the two circRNAs measured in PBMC of DENV patients at indicated time points.
(A) Levels of the hsa_circ_0006459 at indicated time points. (B) Levels of the hsa_circ_0015962 at indicated time points. The dotted

line indicates the low limit of detection. Negative samples were assigned a cycle-threshold (Ct) value of 45.01. The mean Ct value (£

standard deviation) refers to circRNA-positive samples. circRNAs, circular RNAs; PBMC, peripheral blood mononuclear cells; HD,

healthy donors.

T28, after being negative throughout the follow-up. A sta-
tistically significant difference was observed between the
hsa_circ_0015962 in DENV-positive patients at T0 and HD
at 1SC (p = 0.0444).

Hence, the expression of these two circRNAs varied
throughout the observation period in follow-up, showing
large individual differences, and, for each donor, between
different time points: the changes observed are shown in
Fig. 3 along with the kinetics of DENV viral loads. For
instance, some patients (e.g., patients C, E, F, and G) had
mostly stable Ct values of Asa_circ_0006459 at all selected
time points; others (patients A and I) showed a similar pat-
tern between hsa_circ_0006459 and DENV RNA; patients
D, H, and J had an unrelated trend to the viral load.

Moreover, the isa_circ_0015962 was often negative,
with 60% of patients never expressing it (Fig. 3). In pa-
tients positive for the hsa_circ_ 0015962 expression, two
were PCR positive only at T7 (patient C) and T28 (patient
G), both with a very low Ct value, while other two patients
(patients I and J) were circRNA positive at TO and T7, drop-
ping to negativity at T15 (Fig. 3).

Overall, although all patients had cleared the infection
by the end of follow-up (DENV viral load not detected), the
viral load decline seemed to be independent of the expres-
sion levels of the two circRNAs, having expression kinetics
variable from one patient to another, without a consistent or
replicable pattern (Fig. 3).

Discussion

Despite the role of different signaling pathways
throughout DENV infection having been explored, the
complex nature of DENV pathogenesis has prevented a
full understanding of the underlying molecular mechanisms
[26]. In recent decades, many significant steps forward
have been taken in revealing the function of host and viral

non-coding RNAs in DENV infection [27]; nevertheless,
there is still a large gap in examining the role of other host
non-coding RNAs, such as circRNAs, in DENV pathogen-
esis. CircRNAs are known to participate in multiple regula-
tory processes and to be ubiquitous, tissue- and cell-specific
[3,5,13,28,29]. More recently, these circRNAs have been
shown to play an important role in innate antiviral immu-
nity against many viruses and to have potential as thera-
peutic and diagnostic biomarkers of viral diseases [1,14—
16,30]. Based on their features, circRNAs can be used for
the development of innovative models aimed at discover-
ing, studying, understanding, and modulating the regula-
tory pathways in which they are involved, with an important
flap in achieving a deeper insight into the pathogenesis of
several severe viral infections, including DENV infection.

In a previous study, He ef al. [18] collected PBMC
from patients with DENV before and after the treatment
and analyzed the circRNA expression profiles. Two cir-
cRNAs showed the most change, with a lower expres-
sion of hsa_circ_0006459 and a higher expression of
hsa_circ_0015962 at the end of the illness. Based on these
findings, the authors suggested the role of these two circR-
NAs as potential biomarkers for patients with DENV [18].

To investigate the possibility of using these two cir-
cRNAs as diagnostic criteria, we analyze the prevalence
of the hsa_circ_0006459 and the hsa_circ_0015962 in pa-
tients with DENV, and we monitored their expression levels
for one month after diagnosis of infection. In addition, we
analyzed these circRNAs in HD to verify their changes by
collecting samples at two different times.

Unlike He et al. [18], no statistically significant corre-
lation was detected between biological parameters, DENV
subtypes, and circRNA expression in DENV-positive pa-
tients at diagnosis of infection, thus suggesting other factors
potentially responsible for the variable behavior of these
circRNAs in infected individuals.
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When considering the expression levels, the
hsa_circ_0006459 was detected in almost all the HD
with variation among subjects both at 1SC and 2SC;
differently, the hsa_circ 0015962 was detected in about
half of the HD at 1SC, some of which being negative at
2SC.

Such differences in prevalence and levels of the two
circRNAs were also observed in patients with DENV in-
fection during a 4-week follow-up. In particular, already
at the time of diagnosis, some patients showed higher ex-
pression of the hsa_circ_ 0006459 with respect to others.
Furthermore, during the follow-up, different kinetics were
observed: in four cases, this circRNA remained at a con-
stant level throughout the entire period, in five patients a
fluctuating trend was detected and only one case was al-
ways negative. Looking at the hsa_circ_0015962, a slight
increase one week after diagnosis in three DENV-positive
patients was observed, becoming undetected at T15; one
patient tested positive only at T28.

Starting from the consideration that it is not possi-
ble to know the expression levels of the two circRNAs in
our patients before the DENV infection, the data here de-
scribed suggest that there is no unique behavior of these two
circRNAs in HD and DENV infection. Although notable
changes in the expression levels of the first circRNA (the
hsa_circ_0006459) were observed during the illness, we
did not recognize a trend correlated with the kinetics of the
DENYV load or with the progressive resolution of the symp-
toms, nor a common or reproducible trend among DENV-
positive patients.

The small number of patients and the different ethnic-
ities of the population examined compared to the work of
He et al. [18] could certainly be a limitation of the study,
justifying the differences between the results obtained in the
two studies.

Conclusion

Although the two circRNAs were previously identi-
fied as potential biomarkers of DENV disease progression
in infected patients, with their modulation supposed to re-
flect the host response during illness, our data clearly show
a fluctuating trend, raising many questions about the real
possibility of using them as biomarkers in DENV infection.

Since the expression levels of the circRNAs analyzed
in this study appear individual-specific either in HD or in
DENV-positive patients, we hypothesize a possible influ-
ence by different factors, probably unrelated to the DENV
infection, such as host-dependent factors and population ge-
netics.

Therefore, to better clarify the behaviour and impact
of these two circRNAs, it is mandatory to perform fur-
ther analyses using an expanded number of HD and pa-
tients, which could allow us to understand if these circR-
NAs are related to illness, treatment, genetic population,
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or infection-related inflammatory state and to investigate
deeper if the modulation of circRNA levels can guide the
prognosis of DENV infection in the clinic.
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