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Dornase Alfa as a Potential Treatment Option for SARS-
CoV-2: In Vitro Insights

SUMMARY

The potential use of dornase alfa (DA) in severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection has been widely
discussed, yet its mechanisms remain insufficiently characterized.
Here, we investigated whether DA modulates SARS-CoV-2
through multiple in vitro readouts, including viral infectivity,
viral RNA integrity, spike-mediated entry, T-helper cytokine
polarization, and neutrophil extracellular trap (NET) formation.
DA at 30 U reduced viral infectivity h(]) < 0.05). Quantum
dot—based quantitative flow cytometry showed that DA (10 U
and 30 U) decreased viral internalization, consistent with spike-
binding—mediated entry inhibition (p < 0.05). gRT-PCR and
sequencing suggested altered integrity/fragmentation of naked
viral RNA afer exposure to 30 U DA (p < 0.05). Cytokine bead
array analyses of viral peptide—stimulated lymphocytes indicated
a shift toward a Th2-skewed response in the presence of DA (p
< 0.05). In addition, fluorescence microscopy demonstrated
that 30 U DA suppressed phorbol myristate acetate—induced
NETosis in polymorphonuclear leukocytes. Overall, these findings
provide preliminary, hypothesis-generating evidence that DA
may modulate SARS-CoV-2—related responses via multiple
mechanisms. Larger, adequately powered studies are needed
to validate these findings. However, clinical efficacy and any
potential prophylactic role require confirmation in appropriately
designed in vivo and patient-based studies.

Keywords: Coronavirus disease 2019, severe acute respiratory
syndrome coronavirus 2, dornase alfa, neutrophil extracellular traps.

Dornaz Alf'nin SARS-CoV-2 Igin Potansiyel Bir Tedavi Segenegi
Olarak Kullanima: In Vitro Bulgular

0z

Dornaz alfanin (DA) siddetli akut solunum sendromu koronaviriis 2
(SARS-CoV-2)  enfeksiyonunda  potansiyel kullanim:  yaygin  bicimde
tartisilmakla birlikte, etki mekanizmalars yeterince aydinlatilmamastir. Bu
¢aligmada DA'nin, viral enfektivite, viral RNA biitiinliigi, spike aracils
giris, T-helper sitokin polarizasyonu ve notrofil ekstraselliiler tuzak (NET)
olusumu gibi coklu in vitro ¢iktilar iizerinden SARS-CoV-2yi modiile edip
etmedigi arasairimigtir. DAnin 30 U dozunda viral enfektiviteyi azalttigs
gosterilmigtir (p < 0,05). Kuantum nokta (quantum dot) tabanls kantitanf
akim sitometrisi, DAnin (10 U ve 30 U) viral internalizasyonu azalttigini
ve bunun spike proteinine baglanma aracily giris inhibisyonu ile uyumlu
oldugunu gostermistir (p < 0,05). gRT-PCR ve sekanslama analizleri, 30 U
DA maruziyeti sonras: “ciplak’” viral RNAmin biitiinligiindelparcalanma
diizeyinde olasi bir degisime isaret etmistir (p < 0,05). Viral peptitle uyarilan
lenfositlerde yapilan sitokin boncuk dizisi (CBA) analizleri, DA varliginda
1h2 agirlikly bir yanst yonelimi oldugunu gostermistir 2p < 0,05). Ayrica
floresan mikroskopi, polimorfoniikleer lokositlerde forbol miristar asetat
ile indiiklenen NETozis iizerinde 30 U DAnin baskilayier etkisini ortaya
koymugtur. Genel olarak bu bulgular, DAnin SARS-CoV-2 ile iliskili
yanitlars coklu mekanizmalar iizerinden modiile edebilecegine dair n ve
hipotez olusturucu kanttlar sunmaktadr. Bu bulgularm dogrulanmas: icin
daha biiyiik orneklemli ve yeterli istatistiksel giice sabip calismalara ihtiyag
vardsr. Bununla birlikte klinik etkinlik ve olast profilaktik roliin ortaya
konmast, uygun sekilde tasarlanmas in vivo ve hasta temelli calygmalarla
dogrulanmay: gerektirmektedir.

Anabtar Kelimeler: Koronaviriis hastaligs 2019, siddetli akut solunum
yolu sendromu koronaviriis 2, dornaz alfa, notrofil ekstraseliiler tuzaklar:.
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INTRODUCTION
The SARS-CoV-2 virus, which was first identified

in Wuhan, China, in December 2019, has since spread
worldwide and tragically resulted in the loss of over 5
million lives (Msemburi et al., 2023). This virus caus-
es Coronavirus disease 2019 (COVID-19) disease,
primarily affecting the human respiratory system and
leading to severe pneumonia, coagulopathy, hyperin-
flammation, and acute respiratory distress syndrome
(ARDS). The onset of SARS-CoV-2 infection involves
the spike protein-mediated infection of respiratory
cells and subsequent cytokine release reactions that
contribute to ARDS development (Matthay et al.,
2019). In this context, neutrophil activation has been
implicated in the disease pathology, particularly in
the development of ARDS (Barnes et al., 2020).

Neutrophils, apart from their role in engulfing
microbes and releasing antimicrobial substances, are
involved in the formation of neutrophil extracellu-
lar traps (NETs), reticulated extensions containing
granular proteins and DNA strands (Brinkmann et
al., 2004; Schonrich Raftery, 2016). While NETs play
a crucial role in the immune response, they can also
contribute to the pathogenesis of various diseases, es-
pecially viral infections, causing secondary damage
(Schonrich Raftery, 2016).

Dornase alfa, a recombinantly produced enzyme
known as deoxyribonuclease I (rhDNAase I), specif-
ically breaks down DNA and has been successfully
used to reduce lung fluid viscosity in patients with
cystic fibrosis (Fitzgerald et al., 2005). Its use in com-
bination with standard therapies has been shown to
promote pulmonary function recovery in cystic fibro-
sis treatment (Yang Montgomery, 2021). Remarkably,
dornase alfa has also demonstrated potential in treat-
ing ARDS (Morris Mullan, 2004). COVID-19 caused
by SARS-CoV-2 may trigger a cytokine-storm-like
response, leading to sepsis and severe, potentially
fatal ARDS. Cystic fibrosis patients also show cyto-
kine imbalance and hyperinflammatory profiles that

resemble aspects of the COVID-19 disease process.

176

This mechanistic overlap provides a rationale for
translating evidence from cystic fibrosis/ARDS into
SARS-CoV-2-related settings (Peckham et al., 2020).
Notably, some clinical studies have observed a lower
risk of severe disease in cystic fibrosis patients with
SARS-CoV-2 infection, possibly attributed to the
use of dornase alfa (Colombo et al., 2022). This ob-
servation has sparked initiatives exploring the use of
dornase alfa in COVID-19 treatment, such as COVI-
Dornase and COVASE (Desilles et al., 2020). Addi-
tionally, DNaselL3 has been considered for its poten-
tial in reducing vascular occlusion due to COVID-19
(Jiménez-Alcédzar et al., 2017). Previous clinical stud-
ies have reported the promising effects of nebulized
dornase alfa in reducing inflammation and oxygen re-
quirements in hospitalized patients with COVID-19

pneumonia (Porter et al., 2024).

Similarly, in our preliminary report (Okur et al.,
2020), we presented early invitro and limited invivo
evidence (Vero/MDBK experiments and n=3 cases)
regarding the potential effects of dornase alfa (DA) in
SARSCoV?2 infection.

Because DA is a DNase that targets extracellular
DNA, its activity does not directly explain an effect
on an RNA virus such as SARS-CoV-2. Accordingly,
whether DA acts indirectly by altering NET/extracel-
lular DNA-rich airway microenvironments, inflam-
matory responses, or virus-host interactions remains
insufficiently defined. Building on this research line,
the present study aimed to test mechanistic hypoth-
eses by evaluating whether DA modulates SARS-
CoV-2 in vitro through spike-associated viral entry/
internalization, viral RNA integrity and infectivity,
NETosis, and Th1/Th2 polarization.

MATERIALS AND METHODS

SARS-CoV-2 isolation

The study included nasopharyngeal and oropha-
ryngeal cavity samples from four volunteers who test-

ed positive for SARS-CoV-2 via RT-PCR in Acibadem
Healthcare Group hospitals. The isolation of SARS-
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CoV-2 RNA from the collected patient samples fol-
lowed previously described procedures (Sir Karakus
et al., 2021; Tastan et al., 2020). In brief, the Vero cell
line (CCL-81, ATCC, USA) was utilized for virus iso-
lation and propagation. The virus culture initiation
occurred in a 96-well plate and was subsequently
scaled up in volume in a viral medium composed of
high-glucose DMEM (Thermo Fisher Scientific Inc.,
USA), 2% fetal bovine serum (Thermo Fisher Scien-
tific Inc., USA), and 1% penicillin-streptomycin-am-
photericin (PSA) solution (Pan-Biotech GmbH,
Aidenbach, Germany). The progression of virus rep-
lication and isolation was monitored by observing cy-
topathic effects during the propagation process. The
supernatants obtained at the end of the production
were pooled and concentrated 10-15 times (Sir Kara-
kus et al., 2021). Unless otherwise stated, experiments
were repeated in at least three independent biologi-
cal replicates (=3 separate experiments performed
on different days/independent preparations). Within
each independent experiment, conditions were run
in technical triplicate (three replicate wells/measure-
ments). For analysis and plotting, technical triplicates
were averaged within each experiment, and summary
statistics [mean * standard deviation (SD)] were cal-

culated across independent experiments.
Viral inactivation assay

Vero cells were seeded at 10,000 cells/well in
flat-bottom 96-well plates with complete DMEM
(10% FBS; 1% penicillin/streptomycin/amphotericin
B) and incubated overnight at 37°C. SARS-CoV-2
(100x TCIDsg; Tastan et al., 2020) was pre-incubat-
ed 1 h at RT with dornase alfa, then added to cells.
Final concentrations were 3, 10, and 30 U/mL (i.e., 3,
10, 30 pg/mL given 1 mg/mL = 1000 U/mL). These
levels were chosen a priori from published rhDNase
I applications—where short ex vivo incubations at

approximately 10 U have been reported—to span a

sub-maximal activity range suitable for Vero cells
while enabling dose-response assessment (Fisher
et al,, 2021). After 96 h, MTT (3-(4,5-dimethylth-
iazol-2-yl)-2,5-diphenyltetrazolium bromide) was
performed per manufacturer; absorbance was read
at 450 nm (FLUOstar Omega). Plate included mock,
virus-only, and DA-only controls. Data were back-
ground-subtracted, normalized to mock, and report-
ed as mean * SDj; % viability and % inactivation were

calculated relative to virus-only.
QDot’s production and characterization

Quantum Dots (QDots) are minute crystalline
structures in the nanoscale, functioning as semicon-
ductors with just a few atomic sizes, typically rang-
ing between 2 and 10 nm, derived from compounds
found within the periodic table’s II-VI or III-V ele-
ments (Ozkan, 2004). Due to their small dimensions,
both metallic and non-metallic QDots exhibit quan-
tum effects, emitting narrow-band light in the ultra-
violet (UV) region and displaying strong fluorescence
and remarkable photostability (Kuang et al., 2011; Xu
Chen, 2012). This makes QDots suitable for several
applications (Maysinger et al., 2007; Singh Lillard,
2009; Xu Chen, 2012).

Production

QDots were synthesized using a microwave-as-
sisted method. In brief, 0.5 g of p-phenylenediamine
(Sigma Aldrich Chemie GmbH, Eschenstrafle 5,
82024 Taufkirchen, Germany) served as a carbon
source, and 1g of formamide (Sigma Aldrich Chemie
GmbH, Eschenstrafle 5, 82024 Taufkirchen, Germa-
ny) acted as a hetero atom. This mixture, combined
with 15 ml of distilled water, was thoroughly mixed
and transferred to the microwave reactor (Microwave
300, Anton Paar, St. Albans, Hertfordshire, AL4 OLA,
UK). After the reaction, N-doped QDots were ob-
tained, confirmed by UV light (365 nm), which re-
vealed a red emission. The mixture was gently stirred
overnight at room temperature. A final confirmation
under UV light (365 nm) was performed before dia-
lyzing the QDots.
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Characterization

Analysis of physical appearances, particle size, and
zeta potential of QDots has been conducted (Supple-
mentary Figure 1 and Supplementary Table 1.). The
determination of particle size and distribution was
accomplished using Anton Paar Lite Sizer 500, with
a sample size of n = 6 for particle size measurements

and n = 12 for zeta potential measurements.
Quantum yield

The optical properties of QDots were assessed
using a Spectrofluorometer (Model 229129, Agilent
Technologies, 5301 Stevens Creek Blvd., Santa Clara,
CA 95051, USA). QDots were excited, and their emit-
ted light was recorded. The experimental procedure
was adapted from the literature (Mirtchev et al.,
2012). The quantum yield was calculated according to
the well-established method outlined in the literature
(Camlik et al., 2022).

Spike labeling with qdots assay and analysis of
labelled spike protein blockage with dornase alfa

10,000 cells/well were seeded into a flat-bottom
96-well plate with complete DMEM (Wisent, Multi-
cell 319-066-CL; 10% Fetal-Bovine Serum, 1% peni-
cillin/streptomycin). S (spike) PepTivator, a collection
of freeze-dried peptides encompassing the dominant
sequence regions of the surface glycoprotein (also
known as the spike protein or “S”) of SARS-CoV-2
(GenBank MN908947.3, Protein QHD43416.1)
(Miltenyi Biotech, GmbH, Bergisch Gladbach, Ger-
many; cat# 130-126-700), was incubated with QDots
E3 for 1 hour at 37°C a CO, incubator. After incuba-
tion, 3U, 10U, and 30U dornase alfa were added to the
Spike-QDots mixture. Treated Spike-QDots- dornase
alfa mixture was added onto Vero cells. After 48-hour
incubation at 37°C a CO, incubator, spike cultivators
were tracked by QDots labeling in APC-A750-A via
flow cytometry (Buranda et al., 2011). Flow analy-
sis was performed with the CYTOFLEX (Beckman
Coulter, USA). Qdot fluorescence was also visualized

macroscopically under UV/405 nm illumination.
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q-RT-PCR assay

q-RT-PCR analyses were conducted using two dif-
ferent experimental setups for active virus in BSL-3
conditions. (1) Infected supernatants: RNA was ex-
tracted with Direct-zol and analyzed using DiaCarta
QuantiVirus on LightCycler 96 (targets ORF1lab/N/E;
triplicates; standard curve R* > 0.99, efficiency 90-
110%). (2) Naked RNA + DA: Purified SARS-CoV-2
RNA was incubated with DA (3/10/30 U/mL; [37°C],
30-60 min) vs. RNA-only, RNA+MgSO,. SARS-
CoV-2-specific qRT-PCR was performed with the
QuantiVirus SARS-CoV-2 Test Kit (DiaCarta) on a
Roche LightCycler 96, following the manufacturer’s
instructions (Targets: ORF1lab, N, and E; kit-specific
panels). Each sample was run in technical triplicate;
no-template controls (NTC) and positive controls

were included on every plate.
Sequencing

Whole-genome sequencing (WGS) was performed
on live viral RNA after 100x TCIDso SARS-CoV-2 had
been pre-incubated for 1 h with dornase alfa (3, 10, or
30 U/mL) or buffer only (no DA). Then the samples
were analyzed via whole-genome analysis. The qual-
ity controls of the raw data generated by the reading
were carried out with the FastQC tool. The raw data
obtained were first trimmed to certain lengths using
cutadapt (v3.2) and fgbio tools, considering the qual-
ity parameters of the 5 and 3’ ends and the primers
used. It was then aligned against the reference genome
(NCBI Reference Sequence: NC_045512.2) using the
BWA (v.0.7.12) tool. The GATK v.4 tool was used for
alignment corrections in Indel regions, normaliza-
tion of DNA sequence quality values, and variant ex-
traction. All obtained variants were visually checked
with the GenomeBrowse (Golden Helix) tool. Then,
the annotation of the variants was completed with the

Variant Effect Predictor program.
Cytokine bead array

Peripheral blood mononuclear cells (PBMCs) were
isolated from a healthy volunteer using Ficoll-paque
plus overlay (GE Healthcare, Chalfont St Giles, UK).
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Subsequently, 10,000 PBMCs per well were seeded
in a 96-U bottom well plate with complete DMEM
(containing 10% Fetal Bovine Serum, 1% penicillin/
streptomycin). The cells were treated with a mix of
spike (S), nucleocapsid (N), and membrane (M) Pep-
Tivator (Miltenyi Biotec, GmbH, Bergisch Gladbach,
Germany), with 20 pL added to each well. Following
this, they were incubated with 3U and 10U of dornase
alfa, along with 420 pg/mL MgSO,, for 72 hours in a
humidified 37°C CO, incubator. After the incubation
period, a Cytometric Bead Assay was conducted us-
ing a MACSPLEX Cytokine 10 kit (Miltenyi Biotec,
GmbH, Bergisch Gladbach, Germany), following the
manufacturer’s protocol, on the supernatant from the
cell suspension. Flow analysis of the samples was per-
formed using the MACSQUANT Analyzer (Miltenyi
Biotec, GmbH, Bergisch Gladbach, Germany) (Sir
Karakus et al., 2021; Turan et al., 2021).

Clearance of NET formation by dornase alfa

PBMCs obtained as described previously were
seeded on a 24-well plate with 1x10° /well concentra-
tion in complete medium (RPMI enriched with 10%
Fetal-Bovine Serum, 1% penicillin/streptomycin). As
previously described in the literature, the culture was
supplemented with 700 nM phorbol myristate ace-
tate (PMA) for NET formation (Hoppenbrouwers et
al,, 2017). Then, the culture treated with 420 pug/mL
MgSO, and 0, 3U, 10U, and 30U Dornase Alfa was in-
cubated for 24 hours. After incubation, the wells were
stained with DAPI (Sigma Aldrich, USA), and NET

formation was examined under a fluorescent micro-

scope (ZEISS Axio Vert.Al). PBMCs were assessed
under unstimulated and PMA-stimulated conditions.
DA + PMA was compared against PMA-only to eval-
uate changes consistent with NETosis suppression. No
DA-only, heat-inactivated DNase, vehicle/buffer-only,

or inhibitor controls were performed in this study.
Statistics

Student’s t-tests were employed to assess normal-
ly distributed data presented on bar graphs, while the
Mann-Whitney U test was utilized for comparing two
groups of non-normally distributed data. Statistical
analyses were conducted using both Graphpad Prism
(trial version) and SPSS Statistics software. Each data
point corresponds to an independent measurement
and represents one of at least 3 separate experiments
undertaken in triplicate, with the bar graph illustrat-
ing the mean and standard deviation of the mean. A
significance threshold of *p < 0.05 was applied to all

tests, with “ns” indicating non-significance.
RESULTS AND DISCUSSIONS

Role of dornase alfa in the blockade of SARS-
CoV-2 infectivity

Cytotoxic effect of dornase alfa on the virus

In the MTT assay, dornase alfa treatment in-
creased Vero cell viability after SARS-CoV-2 expo-
sure. Although 10 U and 30 U showed higher viability
than the virus-only control, the difference reached
statistical significance only for 30 U (p = 0.0172) (Fig-

ure 1.).
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Viral Inactivation with Dornase Alfa
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Figure 1. Vero cells were exposed to SARS-CoV-2 (100xTCID, ) pre-incubated with increasing concentrations
of dornase alfa (DA). DA at 30 U significantly improved cell viability compared with the virus-only control. Cell
viability (%) was quantified using a colorimetric ELISA-based assay. Each data point represents one independent

biological replicate (one of >3 separate experiments from pooled virus), with each experiment performed in
technical triplicate. Bars show the mean + SD across independent experiments. Statistical significance was as-

sessed using an unpaired two-tailed Student’s t-test or Mann-Whitney U test, as appropriate (p < 0.05).

Effect of dornase alfa on SARS-CoV-2 neutral- nase alfa affects spike availability using Qdot-labeled
ization: spike blocking analysis spike protein. Increasing dornase alfa concentrations
produced a dose-dependent reduction in Qdot signal,
with significant effects at 10 U (p = 0.0122) and 30 U
(p < 0.0001) (Figure 2.).

Docking analyses suggested favorable binding be-
tween dornase alfa and the SARS-CoV-2 spike pro-
tein. Guided by this result, we evaluated whether dor-
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Figure 2. A. Macroscopic luminescence view of the plate under UV light. B. Plots show the amount of spike

protein detected by flow cytometry after treatment with different concentrations of dornase alfa. A statisti-

cally significant neutralization of viral spike proteins has been detected, particularly in response to the use of

10U and 30U dornase alfa. C. The graph shows the mean fluorescence intensity (MFI) of Qdot signals across

replicates. Each data point represents one independent biological replicate (one of 23 separate experiments

from pooled virus), with each experiment performed in technical triplicate. Bars show the mean + SD across

independent experiments. Statistical significance was assessed using an unpaired two-tailed Student’s t-test or
Mann-Whitney U test, as appropriate (p < 0.05).

Effect of dornase alfa on naked SARS-CoV-2
RNA copy number: qRT-PCR analysis

Significant changes in viral copy numbers of iso-
lated SARS-CoV-2 RNA were observed following

treatment with different amounts of dornase alfa (p=
0.0163 for all concentrations). These changes in viral
copy numbers due to dornase alfa usage were statisti-

cally significant (Figure 3.).
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Dornase Alfa SARS-CoV-2 RNA Incubation
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Figure 3. Purified (“naked”) SARS-CoV-2 RNA was incubated with increasing concentrations of dornase alfa,
and viral RNA levels were quantified by SARS-CoV-2-specific qRT-PCR. Viral copies/mL were calculated

from a standard curve. Bars show viral copy number per mL for each condition (p values indicated). Each

data point represents one independent biological replicate (one of >3 separate experiments from pooled vi-

rus), with each experiment performed in technical triplicate. Bars show the mean + SD across independent

experiments. Statistical significance was assessed using an unpaired two-tailed Student’s t-test or Mann-Whit-

ney U test, as appropriate (p < 0.05).

Effect of Dornase alfa on naked SARS-CoV-2

RNA sequence: Whole genome sequencing

Whole genome sequencing analysis was conduct-
ed to investigate potential changes in the genome se-
quence of the SARS-CoV-2 virus incubated with var-
ious concentrations of dornase alfa. Results revealed
no significant difference between viral RNA left un-
treated and viral RNA treated with 3U and 10U dor-
nase alfa (high coverage). However, viral RNA treated

with 30U of dornase alfa exhibited poor quality, and
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whole genome sequencing was not feasible (low cov-
erage level) (Supplementary Figure 2.). A minimum
threshold of 100 depth was established for consensus
fastas, with a mean depth >10000.

RNA copy number isolated from dornase al-
fa-treated SARS-CoV-2: qRT-PCR analysis

Evaluation of the effect of dornase alfa directly in-
cubated with SARS-CoV-2 demonstrated no signifi-

cant change in viral copy numbers (Figure 4.).
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Dornase Alfa SARS-CoV-2 Incubation
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Figure 4. Following pre-incubation of SARS-CoV-2 (100xTCID, ) with increasing concentrations of dor-
nase alfa, viral RNA was extracted and quantified by SARS-CoV-2-specific qRT-PCR. Viral copies/mL were
calculated from a standard curve. Bars show viral copy number per mL for each condition. Each data point
represents one independent biological replicate (one of >3 separate experiments from pooled virus), with
each experiment performed in technical triplicate. Bars show the mean + SD across independent experiments.
Statistical significance was assessed using an unpaired two-tailed Student’s t-test or Mann-Whitney U test, as

appropriate (p < 0.05).

Effect of dornase alfa on the immune cytokine
response due to the SARS-CoV-2 infection

Effect of dornase alfa on Th2 immunological re-

sponse: Cytokine bead array analysis

PBMCs from two donors were stimulated with
spike protein pre-incubated with dornase alfa, and

cytokine responses were quantified by CBA. Dornase

alfa shifted the response toward a Th2-skewed profile,
with significant changes at 3 U in the IL-17/IL-10,
TNF-a/IL-6, and IFN-y/IL-6 ratios (p = 0.0095, p =
0.0198, and p = 0.0316, respectively). At 10 U, IFN-y/
IL-6 and TNF-a/IL-6 ratios also differed significantly
compared with PBMC-only controls (p = 0.0358 and
p = 0.0298, respectively) (Figure 5; Supplementary Ta-
ble 2.).
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Figure 5. The immune response in PBMC cells treated with different concentrations of dornase alfa and viral
peptide mix was examined by CBA assay after 72h. The bar charts indicate the ratio of Th1 response to Th2
response. Only PBMC: Negative Control; Peptide Mix + PBMC: Positive Control. Each data point represents

one independent biological replicate (one of >3 separate experiments from pooled virus), with each experi-

ment performed in technical triplicate. Bars show the mean + SD across independent experiments. Statistical

significance was assessed using an unpaired two-tailed Student’s t-test (normal data) or Mann-Whitney U test

(non-normal data), as indicated; p < 0.05 was considered significant.

NET formation with dornase alfa: Fluorescent

microscopy analysis

To assess the impact of dornase alfa on NETs in-
duced by PMA, NETSs were treated with different con-
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centrations of dornase alfa for 24 hours and stained
with DAPI dye. Results indicated that virus patho-
physiology was altered by 3U, 10U, and 30U dornase
alfa (Figure 6.).
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NET formation in PBMCs without
the use of any stimuli

NET formation in PBMCs stimulated
with 700nM PMA

WET formation in PMBCs treated with
30U dornase alfa after stimulation with
700 nM PMA.

Figure 6. Image of NET formation in PBMC cells stained with DAPI dye under fluorescence microscopy.

CONCLUSION

Clinical studies have suggested that dornase alfa
may benefit patients with SARS-CoV-2-related ARDS,
reporting improvements in oxygenation, clinical sta-
tus, and time to discharge (Desilles et al., 2020; Turan
et al.,, 2021; Porter et al., 2024). In addition, Colombo
etal. observed lower COVID-19 severity among cystic
fibrosis patients receiving dornase alfa as part of stan-
dard care (Colombo et al., 2022). Building on these
clinical observations, we sought to explore potential
mechanisms by examining DA-driven immune mod-
ulation and its effects on viral components.

In our in vitro system, dornase alfa (DA; 10-30
U/mL) was associated with reduced SARS-CoV-2-
induced cytopathic effects, potentially through
two non-exclusive mechanisms: interference with
spike-mediated entry and effects detected on purified
(“naked”) viral RNA. Qdot-based readouts supported
a DA-dependent interaction with spike/entry process-
es, and pre-incubation of purified SARS-CoV-2 RNA
with DA was associated with reduced qRT-PCR-de-
rived copy number. In contrast, no copy-number re-
duction was observed when intact virions were incu-
bated with DA before RNA extraction and qRT-PCR,
which is biologically plausible given that the genome
is shielded by the nucleocapsid and viral envelope.
Importantly, DA is a DNase rather than an RNase;
therefore, the “naked RNA” signal should be interpret-
ed cautiously as hypothesis-generating only and may
reflect indirect or matrix-related effects (e.g., carry-
over DNA, divalent cation-dependent assay effects, or
other reaction-condition artifacts) rather than direct
RNA cleavage. Accordingly, we do not interpret this
observation as evidence of RNase-like activity, but as
an indirect readout that requires orthogonal valida-

tion. Overall, these findings support biological plau-
sibility for DA affecting entry-adjacent steps while
cautioning against over-interpreting the “naked RNA”
observation as RNase-like activity. A prior docking
study is consistent with potential DA-spike interac-
tion (Salman et al., 2020). Furthermore, Qdot-based
quantitative flow cytometry showed a dose-dependent
decrease in fluorescence with increasing dornase alfa,
consistent with DA-spike interaction and reduced
viral internalization as a surrogate measure of entry.
These data do not directly quantify infectivity, which
was assessed separately in the functional assays. Im-
portantly, DA is a recombinant human DNase I and
is not established as an RNase; therefore, the apparent
“naked RNA” signal should be interpreted cautious-
ly as hypothesis-generating and may reflect indi-
rect or matrix-related effects rather than direct RNA
cleavage. Under specific experimental conditions,
DNA-mediated catalysis against RNA substrates has
been described (e.g., DNAzymes) (Glick et al., 2014),
and RNA digestion by other DNases has been report-
ed in non-neutral environments (e.g., DNase II un-
der mildly acidic conditions) (Zhuang et al., 2024).
Accordingly, in complex mixtures where DNA and
RNA co-exist, matrix effects—including potential
contributions from cell-derived DNA fragments—
could influence RNA integrity readouts. Orthogonal
validation (e.g., RNase-inhibitor controls, heat-inac-
tivated DA, and assays that discriminate true RNA
cleavage from artifacts) will be required to resolve this
mechanism. Early COVID-19 studies described a cy-
tokine-storm phenotype with dysregulated T-cell im-
munity and broad shifts in inflammatory mediators;
Guo et al. similarly reported widespread cytokine in-
creases in patients, including IL-1p, IL-6, IL-8, IL-17,
IFN-y, and IL-10 (Guo et al.,, 2021). In this context,
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our spike-stimulated PBMC data suggest that dornase
alfa (DA) may modulate T-helper polarization toward
a Th2-skewed profile, a concept that has been dis-
cussed as potentially relevant when effective antivirals
are limited (Mamber et al., 2020). However, these ob-
servations are exploratory, derived from an in vitro
system with a small donor number, and do not estab-
lish clinical benefit; validation in larger, longitudinal
in vivo studies will be required (Gupta et al., 2022).
Beyond cytokine dysregulation, NET formation has
been implicated in ARDS and SARS-CoV-2 morbidi-
ty, and our microscopy-based readouts are consistent
with a DNA/NET-directed effect of DA (Toma et al.,
2021; Weber et al., 2020), aligning with ex vivo evi-
dence of rapid NET dissolution in COVID-19 sputum
after DNase I treatment (Fisher et al., 2021); neverthe-
less, these findings remain hypothesis-generating and
require rigorous in vivo confirmation.

In this in vitro model, dornase alfa (DA) reduced
assay-measured viral infectivity, decreased spike-as-
sociated viral internalization, and modulated inflam-
matory readouts, including a Th2-skewed response,
while attenuating PMA-induced NETosis. Together
with the hypothesis-generating observations report-
ed by Okur et al. (2020), these results provide a pre-
liminary mechanistic rationale to further investigate
DA in the context of SARS-CoV-2 infection. How-
ever, given the limited sample size (n=3) and poten-
tial donor-to-donor variability despite harmonized
procedures, statistical power is constrained, and the
findings should be interpreted cautiously. Accord-
ingly, this work should be considered preliminary
and hypothesis-generating, and it requires valida-
tion in appropriately designed in vivo models and
patient-based studies before any conclusions can be
drawn regarding clinical efficacy or prophylactic use.
In addition, further confirmatory experiments were
beyond the scope of the present study due to labora-
tory and biosafety constraints and limited access to
live virus materials. Future studies with larger sample
sizes and independent replication will be essential to
confirm and extend these findings.
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