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HIGH LEVEL OF RNA HAS2-AS1 IN THE BUFFY COAT
OF APATIENT BLOOD SAMPLE IS A MORE INFORMATIVE
PROGNOSTIC MARKER OF COVID-19 CLINICAL COURSE
COMPARED TO THE LEVEL OF HYALURONIC ACID IN PLASMA
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Numerous studies have confirmed the association of COVID-19 clinical course with the blood levels
of hyaluronic acid and long non-coding RNA HAS2-AS1 as a positive regulator of hyaluronan synthase. We
aimed to estimate both the level of hyaluronic acid in plasma and the level of RNA HAS2-AS1 in leukocytes
(buffy coat) from the same blood sample at the time of patient admission to the hospital and to analyze the
specificity of these indicators as biomarkers of COVID-19 severity. The study involved 78 patients with con-
firmed COVID-19 who underwent treatment between 2020 and 2021 at the Kyiv City Clinical Hospital N 4.
The patients were divided into three groups based on the severity of the disease and classified as mild (n = 12),
moderate (n = 36), and severe (n = 30). The level of hyaluronic acid in plasma was determined using the Hya-
luronic Acid ELISA kit “Abcam” (USA). The buffy coat was isolated by centrifugation of the blood stabilized
with EDTA-K and further aspiration of the leukocyte “cloud”. The expression level of HAS2-ASI in buffy coat
leukocytes was estimated using reverse transcription and real-time PCR. According to the obtained data, the
level of hyaluronic acid in the plasma of patients with moderate and severe illness was 1.5 and 2.2 times higher
compared to the mild illness group, respectively. Meanwhile, the level of RNA HAS2-AS1 in blood lymphocytes
(buffy coat) of patient with moderate and severe illness was increased by 7.7 and 22.6 times compared to pa-
tients with mild illness. The results of our study demonstrate that, unlike the level of hyaluronic acid in plasma,
the level of HAS2-AS1 in a buffy coat is a more reliable prognostic criterion for severe COVID-19 and allows
distinguishing patients with varying clinical severity during hospitalization.
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T he impact of the COVID-19 pandemic on
health and the global economy has spurred
rapid investigations into the mechanisms un-
derlying COVID-19 development and its complica-
tions. In the context of COVID-19, there has been a
significant increase in demand for chest radiology
examinations. Clinicians have drawn attention to an
early visual symptom on computed tomography (CT)
scans, termed “ground-glass opacity.” This distinc-
tive radiological finding of coronavirus disease has
prompted substantial interest in understanding its
underlying cause.

W. Hellman et al. from the Department of
Health of Sweden and the Laboratory Department,
citing autopsy results of deceased COVID-19 pa-
tients whose lungs were filled with clear, viscous
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fluid, concluded that these were macromolecules of
hyaluronic acid [1]. Staining confirmed the presen-
ce of hyaluronan obstructing alveoli and thickened
perialveolar interstitium. These authors were the first
to hypothesize that hyaluronic acid is pathologically
associated with acute respiratory distress syndrome
(ARDS) in patients with severe COVID-19.
Interstitial lung edema is one of the leading
symptoms of severe COVID-19, directly associated
with acute respiratory distress and the need for oxy-
gen support [2, 3]. Zhao F. et al. from the University
of Arizona confirmed that hyaluronic acid (HA) is
a potent hydrophilic agent contributing to intersti-
tial and alveolar edema in ARDS, leading to histo-
logical findings of “hyaline membranes” observed
in COVID-19 fatalities [4]. Due to its high molecular
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weight and semi-flexible polymer chain, hyaluronic
acid forms a highly viscous gel-like fluid, providing
blocking properties and supporting tissue barrier
functions [5].

Hyaluronic acid is crucial in various physio-
logical and pathological processes [6]. It is synthe-
sized by different cell types, including fibroblasts,
endothelial cells, alveolar cells, and others, under-
scoring its significant role in diverse contexts. Hya-
luronic acid is pivotal in the functioning of the en-
dothelial surface layer, protecting endothelial cells,
regulating barrier permeability, and serving as a
mechanosensory element necessary for functions
such as nitric oxide production, vascular integrity,
and vasodilation. Hyaluronic acid exhibits excellent
hydrophilic properties, allowing it to bind water at a
rate exceeding its weight by 1000 times [7].

In humans, hyaluronic acid is synthesized by
three transmembrane isoforms known as hyaluronan
synthases (HAS1, HAS2, and HAS3) [8]. Among all
hyaluronic acid synthases, HAS2 plays a pivotal
role in hyaluronic acid synthesis due to its catalytic
properties, high expression compared to other HAS
isoforms, and its critical role in cardiac development
[9].

Recently, it has been demonstrated that a cru-
cial regulator of HAS2 gene expression and hyalu-
ronic acid production is the long non-coding RNA
(IncRNA) antisense 1 to hyaluronan synthase 2
(HAS2-AS1), belonging to the class of natural an-
tisense transcripts [10 ] It has been shown that the
production of hyaluronic acid and the expression of
HAS2 can be stimulated under hypoxic conditions,
as the promoter of HAS2-AS1 contains a hypoxia-
responsive element (HRE) responsive to HIF-1a
[11]. Hypoxia plays a decisive role in the pathogene-
sis of COVID-19, and the expression of HAS2-AS1
with subsequent activation of hyaluronic acid pro-
duction may be considered a leading mechanism
determining the severity of the clinical course.

It is not coincidental that CY Lin et al. empha-
sized the association between elevated hyaluronic
acid levels and severe cases of Dengue fever, es-
pecially those characterized by “cytokine storm,”
characterized by elevated levels of inflammatory
cytokines such as IL-1B, IL-6, and TNFa [12].
This connection is grounded in the fact that these
cytokines are potent hyaluronic acid synthase 2
(HAS2) stimulants in various cell types, including
endothelial cells, lung alveolar epithelial cells, and
fibroblasts. Papakonstantinou et al., in their studies,

demonstrated that hyaluronic acid is associated with
the severity and outcome of ARDS and predicts
overall survival, proposing to consider hyaluronic
acid and its degrading enzyme HYAL-1 as potential
targets for controlling airway inflammation and re-
modeling in ARDS [13].

In 2020, Ding M. et al., for the first time,
showed in a small sample of COVID-19 patients that
the level of hyaluronic acid and type 111 procolla-
gen in plasma could be used as indicators of poor
prognosis; however, authors consider dynamic ob-
servations of lymphocyte counts and CRP levels to
be more informative [14].

In our study, it was demonstrated that, unlike
plasma hyaluronic acid, the level of HAS2-AS1 in
leukocytes is a more reliable prognostic criterion for
severe COVID-19 and clearly distinguishes patients
with subsequent mild, moderate, or severe courses
already at the hospitalization stage.

Materials and Methods

Clinical examination. Patients (78 individuals)
were admitted to the infectious diseases department
of Kyiv City Clinical Hospital No. 4 after 6-9 days
of outpatient treatment since the onset of the illness.
COVID-19 was laboratory-confirmed by real-time
PCR in all patients. The participant group was ho-
mogeneous and comprised 33 men and 45 women
with obesity (BMI >30), arterial hypertension, and
subcompensated diabetes (mean blood glucose le-
vel - 7.57 mmol/l) receiving antidiabetic medica-
tions. The average age of the patients was 61.0 + 15.4
years. Glucocorticosteroids were not prescribed dur-
ing the pre-hospital treatment stage.

IRB approval. All participants provided writ-
ten informed consent. The relevant national com-
petent authorities reviewed and approved the study:
the Research Ethics Committee (No. 3/20 dated
27.08.2020) and the Hospital Ethics Committee
(No. 104/1-284 dated 13.05.2021), which were used
to obtain patient and healthy donor samples.

The clinical severity of the disease was deter-
mined based on oxygen saturation (pulse oximetry)
and the duration of oxygen dependence according to
the WHO classification. Disease severity was clas-
sified as follows: mild disease: illness without signs
of viral pneumonia and hypoxia; Moderate disease:
clinical signs of pneumonia (fever, cough, dyspnea,
increased respiratory rate) without evidence of se-
vere pneumonia, including SpO, > 90% on room
air; Severe disease: illness with clinical symptoms
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of pneumonia (fever, cough, dyspnea, increased res-
piratory rate) plus one of the following: respiratory
rate >30 breaths/min, severe respiratory distress, or
SpO, <90% on room air.

According to the specified criteria, all patients
were divided into three groups based on the severity
of the disease and classified as mild (n = 12), mode-
rate (n = 36), and severe (n = 30) according to the
Recommendations of the National Health Commis-
sion of Ukraine. The severity of COVID-19 was as-
sessed at the time of discharge from the hospital or
the patient’s death.

Blood collection and buffy coat preparation.
The Buffy coat isolation method involved centrifu-
gation for 10 min at 400 g of stabilized blood previ-
ously collected in S-monovettes (Sarstedt, Germany)
with EDTA-K as an anticoagulant. Following cen-
trifugation, the upper layer of the leukocyte “cloud”
was carefully aspirated using a sampler and utilized
for subsequent RNA isolation.

Measurement of hyaluronic acid (HA) in blood
plasma. For the measurement of hyaluronic acid
levels, we used the enzyme-linked immunosorbent
assay (ELISA) method (ab287799 — Hyaluronic Acid
ELISA, Abcam, USA). This assay principle involves
the detection of hyaluronic acid utilizing Biotin-De-
tection Antibody and HRP-Streptavidin Conjugate
Read, followed by result detection at 450 nm within
20 min using the Immunochem-2100 reader (HTI,
USA).

RNA isolation, reverse transcription, and real-
time PCR. Total RNA was extracted from the buffy
coat using the phenol-chloroform extraction meth-
od. The RNA concentration was determined using a
NanoDrop Spectrophotometer ND1000 (NanoDrop
Technologies Inc., USA). Reverse transcription was
performed using a RevertAid TM H Minus First
Strand cDNA Synthesis Kit (Fermentas, Germany)
on 6 pg of the total RNA with a random hexamer
primer. The obtained single-stranded DNA was used
for the PCR.

Real-time PCR detection was performed using
the Applied Biosystems 7500 Real-Time PCR Sys-
tems (Applied Biosystems, USA) with the Universal
PCR Master Mix (Applied Biosystems, USA) rea-
gent mixture. The following temperature profile was
used for the PCR reaction: activation of AmpliTaq
Gold DNA polymerase at 50°C for 2 min, initial
denaturation at 95°C for 10 min, denaturation for
15 sec, annealing at 60°C for 60 sec, extension and
fluorescence detection. The last two steps were re-
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peated for 40 cycles. The expression level of HAS2-
AS1 was determined relative to the expression level
of beta-actin. mRNA levels were quantitatively cal-
culated using the delta-Ct method.

Human ACTB (Beta Actin) Endogenous Con-
trol (VIC™/MGB probe, primer limited)Green fea-
tures. Catalog number: 4326315E. TagMan Assay
ID: Hs99999903 m1.

Statistical analysis. Statistical analyses were
provided using licensed software Origin ( https:/
www.originlab.com/ ). When two groups were pre-
sent, normally distributed data was analyzed us-
ing the two-sided t-test, and skewed data was ana-
lyzed using the Mann-Whitney test. Correlations
were tested using Pearson’s correlation coefficient
in normally distributed data and Spearman’s corre-
lation coefficient in skewed data. The data will be
presented as Mean = SEM. SEM is the standard de-
viation of the mean of random samples drawn from
the original population.

Results

Hyaluronic acid levels in the plasma of
COVID-19 patients. The level of hyaluronic acid in
the plasma of patients varied significantly within a
wide range, from 8.3 to 344.7 ng/ml. In the group
of patients with mild symptoms, the level was
68.4 £ 44.98 ng/ml (Fig. 1). In the group of patients
with moderate symptoms, the level of hyaluronic
acid was 96.8 + 51.63 ng/ml. The corresponding
data were 140.4 + 67.43 ng/ml in patients with se-
vere symptoms. There was no statistically significant
difference between the groups of patients with mild
and moderate symptoms, which the absence of signs
of respiratory distress in these groups can easily ex-
plain. However, the statistical difference between the
mild/moderate group and the group of patients with
severe symptoms was significant, P = 0.006.

IncRNA HAS2-AS1 expression. In patients with
mild COVID-19 symptoms, a relatively high level
of this long non-coding RNA is already observed
(4.8 £ 1.77 arbitrary units). In patients with moderate
severity of the disease, it increases by 7.7 times -
37.0 £ 13.27 arbitrary units (P < 0.05), and in se-
vere cases, it increases by 22.6 times - 108.2 + 25.28
arbitrary units (P < 0.05) (Fig. 2) compared to pa-
tients with mild symptoms. The level of expression
is presented in arbitrary units. The reference gene
is B-actin. Statistically significant results: *P < 0.05,
**p < 0.01.
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Fig. 1. Hyaluronic acid levels in the plasma of
COVID-19 patients

In the discussion, please ask the researcher
to mention what are the reasons that led to a dif-
ference in hyaluronic acid between plasma and the
buffy coat, which led him to point out the impor-
tance of the increase in hyaluronic acid in the buffy
coat for the diagnosis of COVID-19, which is more
suitable than plasma. It is also preferable to enhance
its results with other studies of hyaluronic acid for
Covid-19 patients.

Discussion

The obtained experimental data demonstrate
the relationship between the level of hyaluronic
acid in the plasma of patients even before the onset
of clinical complications and the risk of develop-
ing respiratory failure. These results are consistent
with other studies, such as Ding M. et al., on hyalu-
ronic acid as an early warning indicator of adverse
prognosis for critical patients with COVID-19 [14],
and confirm the hypothesis that HA is a signifi-
cant prognostic marker for assessing the severity of
COVID-19. The level of hyaluronic acid in the plas-
ma also reflects the course of the disease, as well as
the increased level of HA in the respiratory secretion
in individuals with a severe course of COVID-19
compared to healthy ones [15, 16].

Thus, in his work, Ti Yang considers hyaluronic
acid as a marker of fibrosis by measuring its level on
a chemiluminescent immunoassay and claims that
changes in serum HA were significantly associated
with clinical outcomes and suggests considering HA
as a marker for patients with COVID-19 [17]. An-
other research group led by Yanyan Li from Beijing
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Fig. 2. HAS2-AS1 expression in COVID-19 patients’
buffy coat

severe

Ditan Hospital also measured HA in patients with
COVID-19 and proposed the use of HA as a simple
alternative biomarker to predict the progression of
SARS-CoV-2 infection. [18].

Considering HA not only as a pathogenic fac-
tor or an indicator of disease severity but also as a
promising target for COVID-19 treatment opens
therapeutic intervention possibilities [19]. In the con-
text of the association between hyaluronic acid and
the development of pulmonary hypertension (PH),
compelling results have been shown in studies, in-
dicating that treatment with 4-methylumbelliferone
(4MU), an inhibitor of hyaluronan synthesis that also
affects mRNA expression of HA synthases, has the
potential to prevent the development of PH and treat
established PH, especially when associated with lung
fibrosis [20]. Other researchers also confirm that un-
der experimental conditions, both in vitro and in
vivo, 4-MU suppresses the synthesis of HA and may
become a new therapeutic agent against inflamma-
tion, autoimmune processes, and cancer [22-23].

Recently, Nagi and colleagues evaluated the
effectiveness of 4-methylumbelliferyl glucuronide
(4-MUG), a metabolite of 4-MU, which was thought
to limit the utility of 4-MU for systemic inhibition
of HA synthesis. Their paper demonstrated that
4-MUG can suppress HA synthesis independently
of its conversion to 4-MU and without depleting the
precursor of HA, UDP- GIcUA [24]. However, this
molecule is not specific to any HAS isoforms, and
there are significant limitations to its therapeutic use.
The prolonged exposure to 4-MU has side effects,
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such as inducing the development of atherosclerosis
[25] and hepatocellular carcinoma [26].

Nevertheless, the obtained results clearly dem-
onstrate that although the level of HA as a prognostic
marker reflects the course of the disease, hyaluronic
acid does not have high specificity and is not suf-
ficiently indicative. The difference between the mild
and moderate patient groups is practically absent,
while it is twice as significant between the mild and
severe groups. In contrast to hyaluronic acid, HAS2-
ASI is more informative and shows a significant dif-
ference between the groups at the pre-hospital stage,
22 times greater. This result allows HAS2-AS1 to
be considered a better biomarker for predicting the
course of COVID-19 than HA. Since long non-cod-
ing RNAs function in the cytoplasm and nucleus of
cells, i.e. intracellularly, it is most informative, in our
opinion, to determine their level in leukocytes.

The contemporary progress in studying long
non-coding RNAs (IncRNAs) is difficult to over-
state. In the context of COVID-19, the direct involve-
ment of at least four INCRNAs — MALATL, NEAT]Z,
TUGL, and GASS5 - has already been established,
which are considered potential therapeutic targets in
COVID-19 [27, 28]. Furthermore, in the pathogene-
sis of acute respiratory distress syndrome (ARDS),
compelling evidence suggests that modulation of
INcRNAs NORAD, RAD51-AS], InrCXCR4, and
other INcRNAs may reduce the expression of target
cytokines, enhance anti-inflammatory immunity,
and mitigate cytokine storms [29].

Conclusion. Our study has demonstrated that,
unlike hyaluronic acid (HA) levels in plasma, the
level of HAS2-AS1 in leukocytes serves as a more
reliable prognostic criterion for severe COVID-19
and clearly distinguishes patients with subsequent
mild, moderate, or severe courses already at the hos-
pitalization stage.
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BUCOKW PIBEHb HAS2-

AS1 B JIEMKOIIMTAX €

BLJIbII IHPOPMATHUBHUM
HNPOTHOCTUYHHUM MAPKEPOM
KJITHIYHOI'O HTEPEBITY COVID-19
Y NAOIEHTIB BUCOKOI'O PU3UKY
HOPIBHAHO 3 I'TAJIYPOHOBOIO
KHNCJIOTOIO B ITJIA3MI KPOBI

€. [lybpoecvrui™, T. Jlpesuyvra, B. JJocenko,
. Cmpou

Binnin 3aranpHOT Ta MOJICKYJISPHOT
narodizioinorii, [HcTUTYT dizionorii
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barato HaykoBUX JOCIHIJKEHb MiJITBEP-
JOUKYIOTH 3B’I30K KJiHigHOTO Tiepebiry COVID-19
3 PpIBHSAMH TiaJlypOHOBOI KHCJIOTH Ta JIOBIOi
Hekoaytouoi PHK HAS2-ASI, sika € no3uTUBHUM
PEeryasaTopoM CHHTa3d TiallypOHOBOi KHCJIOTH.
Hama mMeTa mossiraia B OIiHIl PiBHIB TialTy pOHOBOT
kucnoTH y Tuaszmi i PHK HAS2-AS1 y neiikornrax
31 3pa3ka KpoBi, B3 TOTO ITiJl 9ac MPUHOMY TaIli€eHTa
B JIKAapHIO, a TAKOXK y aHai3i crenu®ivHOCTI ITUX
MTOKa3HHUKIB K OiOMapKepiB Ba)KKOCTi Mepediry
COVID-19. V¥V nocmimkerHi Opamu ydactbe 78
namieHTiB i3 miaTepmkeHnM COVID-19, sxi oTpu-
MyBasn JtikyBaHHS y 2020-2021 pokax y KuiBcbkiit
Micbkill kmiHiUHIE ikapHi Ne 4. [IlarmienrtiB
PO3MIMMIM Ha TPH I'PYyHH 3a BaXKKICTIO 3aXBOPIO-
BaHHS: JIeTKuii repedir (N = 12), cepenniii (N = 36)
ta Bakkuil (N = 30). PiBeHp TiamypoHOBOI KHCIO-
TH y Ta3Mi BU3Hadanu 3a gonomoror ELISA-
Habopy Hyaluronic Acid Bigx Abcam (CILIA). Jleii-
KOITUTH 130JTFOBATM TEHTPU(PYTyBaHHSIM KpPOBi 3
nmonaBanHaM EDTA-K Ta momanbmmioro acmipariero
nekonuTapHoi «xMapuHKm». PiBenp HAS2-AS1
y JIEHKOLHMTAX OLIHIOBAJIM METOAAMHU 3BOPOTHBOI
tpanckpuniiii Ta PCR y peansHOMYy daci. 3a oT-
pUMaHMMM AaHUMH DPIBEHb T'iaJlypOHOBOI KHCJO-
TH y TUIa3Mi B TAIIEHTIB 13 CepeaHiM Ta BaXKKUM
riepedirom O0yB B 1,5 1 2,2 pa3a BuIlE BiJIITOBITHO
IO Tpynu 3 JIeTKMM Tepebirom. Y TO#l ke dHac
pieerb PHK HAS2-AS1 y neiikonnTax marfieHTiB
i3 cepemHiM Ta BaXXKUM IepediroM 30iIbIryBaBcs
BiAmOBiAHO Ha 7,7 Ta 22,6 pa3iB y TMOpPiBHSHHI 3
Tali€eHTaMu 13 JIeTKUM 1iepedirom. PeszynbraTu Ha-
IIOTO JIOCIIJKEHHS CBiT4aTh, 110, HA BIAMIHY Bif
piBHSI TiaJIlypOHOBOi KHCJIOTH Yy TUIa3Mi, piBEHb
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HAS2-AS1 y neiikouutax € OidbIl HaJIHHUM
MPOrHOCTHYHUM KPUTEPIEM Ba)XKOro Tepediry
COVID-19 1 no3Bosisie BIAPI3HATU TNAIiEHTIB 13
PI3HUM MPOTHOCTHYHUM KJIIHIYHUM TepediroM e
Ha eTalIli TocmiTaizarii.

KnoduoBi ciaoBa: rialypoHoBa KHC-
nmora, PHK HAS2-AS1, COVID-19, nna3ma,
JeHKOIMTapHa TUTIBKA, JICHKOIIUTH.
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