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Abstract: LncRNA HULC regulates inflammation in vascular endothelial cells resulting in their
dysfunction. Endothelial dysfunction contributes to severe COVID-19. lncRNA HULC targets
miRNA-9 that play roles in the pathogenesis and progression of COVID-19 through the acute
inflammatory response mediated by IL-6. This study aimed to evaluate the role of lncRNA HULC,
miRNA-9, and IL-6 in estimating the severity and predicting the prognosis of COVID-19. There
were 38 non-severe, 38 severe COVID-19 patients, and 38 healthy controls enrolled in this study.
Expression of lncRNA HULC and miRNA-9 was performed using RT-qPCR. ELISA was utilized to
measure serum IL-6. Expression of lncRNA HULC and IL-6 level were increased in severe patients
compared to non-severe patients and controls (p < 0.001). MiRNA-9 showed the lowest expression
levels in the severe patients in comparison with non-severe patients and controls (p < 0.001) lncRNA
HULC was negatively correlated with miRNA-9 (p < 0.001, r = −0.582) and positively correlated
with IL-6 (p < 0.001, r = 0.567). Furthermore, miRNA-9 showed a negative correlation with IL-6 (p
< 0.001, r = −0.0466). For severity prediction, lncRNA HULC expression had an adjusted OR of
52.5 (95% CI: 1.43−192.2, p = 0.031). The lncRNA HULC had an adjusted mortality hazard ratio of
1.9 (95% CI: 1.02−3.56, p = 0.043) after the adjustment of IL-6. So, in COVID-19 patients, the
lncRNA HULC had a positive correlation with IL-6 and a negative correlation with miRNA-9. The
COVID-19 severity and mortality appear to be predicted independently by the lncRNAHULC.
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1. Introduction

Coronavirus disease 2019 (COVID-19) was announced in December 2019, then pandemic
condition was declared [1]. The clinical features of COVID-19 are wide-ranging, from asymptomatic
and mild cases to severely affected ones. Severe patients may develop acute respiratory distress
syndrome and multi-organ failure. Old age and the presence of comorbidities are the main risk
factors of COVID-19 severity and mortality [2]. However, mild patients may dramatically worsen in
a brief time and have severe respiratory failure [3]. Therefore, it might be essential to develop
biomarkers that can early predict the COVID-19 severity and prognosis of those patients [4].

Long noncoding RNA (lncRNA) highly upregulated in liver cancer (HULC) detected at human
chromosome 6 in the q24.3 band. LncRNA HULC was identified in 2007 as an overexpressed
LncRNA in liver cancer [5]. Also, many cancer types show overexpression of lncRNA HULC [6].
lncRNA HULC regulates inflammation in vascular endothelial cells resulting in their
dysfunction [7,8]. Endothelial dysfunction contributes to severe COVID-19 that causes increased
endothelial factors [9].

Also, lncRNA HULC causes interleukin (IL)-6 to release in human endothelial cells [10]. In
COVID-19, high levels of IL-6 are linked with adverse clinical outcomes [11]. The lncRNA HULC
regulates microRNA (miRNA)-9 expression. The inhibition of miRNA-9 by lncRNA HULC is
achieved by methylation of the miRNA-9 promoter [12]. The downregulation of miRNA-9 plays
roles in the pathogenesis and progression of COVID-19 through the acute inflammatory response
mediated by IL-6 [13].

Based on the previous information, this study hypothesized that lncRNA HULC might be a
potential biomarker for COIVD-19. This study aimed to evaluate the role of lncRNA HULC,
miRNA-9, and IL-6 in estimating the severity and predicting the prognosis of COVID-19.

2. Subjects and methods

2.1. Study design

A case-control study of patients from Zagazig University Hospitals was conducted in December
2021. The subjects' participation was confirmed by the patient or first-degree relatives by signing the
written participation consent. The Zagazig University Faculty of Human Medicine's Institutional
Review Board approved the study's procedure (No.: 9393). The patients were assessed using a
comprehensive history and clinical examination includes the assessment of disease severity. The
markers were evaluated at the time of diagnosis. The 28-day mortality rate was the primary outcome.
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2.2. Subjects

The sample size was estimated using Epi Info program 6 (Atlanta, Ga, USA) using the mean
and standard deviation of IL-6 levels from previous study of Rostamian et al. [14] with 95%
statistical power and 95% confidence limit. There were 38 non-severe COVID-19 patients, 38 severe
COVID-19 patients, and 38 healthy controls consecutively enrolled in this study. Based on detection
of viral nucleic acid in the nasopharyngeal swab, all the patients were diagnosed as COVID-19
positive. The patients who suffered from malignancies, leucopenia, and pregnant females were
excluded. Patients treated with immunosuppressive drugs in the past month were excluded. The
severity grading criteria were carried out in accordance with the Egyptian Ministry of Health and
Population's COVID-19 management protocol (2021). Mild cases had only mild symptoms and
normal imaging. Moderate cases showed positive imaging findings but their oxygen saturation equal
to or more than 92%. The patients were classified as severe if the following criteria are meet
(decreased oxygen saturation less than 92%, low partial pressure of oxygen to the fraction of inspired
oxygen ratio below 300 mmHg, high respiration rate above 30 breath per minute, or presence of more
than 50% lung infiltrates). The critical illness was considered if the patients have respiratory failure,
septic shock, and/or multiorgan dysfunction. Both severe and critically ill cases were included in the
severe group while mild and moderate patients were assigned in the non-severe group (Figure 1).

Figure 1. Study flowchart.

2.3. Samples

In a BD Vacutainer ® plastic EDTA tube and plain tube (Becton, Dickinson and Company,
Franklin Lakes, NJ), whole blood was collected. At room temperature, the EDTA tube was
centrifuged at 1200 x g for 3 minutes. The plasma was transferred into a 1.5 mL RNase-free
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microcentrifuge tube and recentrifuged for 10 minutes at 4 °C at 12000 x g. The miRNA-9 and
lncRNA-HULC analyses were performed from this separated plasma. After 30 minutes of blood
collection in the plain tube, the tube was centrifuged for 10 minutes at 1200 x g. Serum was
aliquoted in 1.5 mL sterile microcentrifuge tubes and kept at -80 °C until IL-6 measurement.

2.4. Methods

2.4.1. lncRNAHULC and miRNA-9 detection

RNA extraction: extraction of RNAs from the plasma was carried out according to the
manufacturer's instructions using the miRNeasy Serum/Plasma Kit (QIAGEN, GmbH, Hilden,
Germany). A NanoDrop-2000 spectrophotometer (Thermo Scientific, USA) was used to assess the
quantity and quality of the extracted RNA.

Reverse transcription (RT): all RNA species were converted into complementary DNA (cDNA)
by the miScript RT II kit (QIAGEN GmbH, Hilden, Germany) using 1 μg of extracted RNA and
miScript HiFlex Buffer. The mixture was incubated at 37 °C for 60 min and 95 °C for 5 min. The
Gene Amp PCR System 9700 thermocycler (Perkin Elmer, Singapore) was used for the RT. The
cDNAwas kept at a temperature of -80 °C until analysis.

Quantitative real-time polymerase chain reaction (RT-qPCR): the RT-qPCR reaction was
performed using a StepOne™ System (Applied Biosystems, USA) using miScript SYBR Green PCR
Kit and target-specific miScript primers assay for lncRNA HULC and miRNA-9 (QIAGEN, GmbH,
Hilden, Germany). cDNA was diluted by mixing 20 μL with 100 μL of RNase-free water. In a final
volume of 25 μL, the PCR reaction was carried out. The thermal profile for this PCR reaction was an
initial incubation for 15 minutes at 95 °C followed by 40 subsequent cycles of (15 sec at 94 °C, 30
sec at 55 °C, and 30 sec at 7°C). Fluorescence measurement was expressed as cycle threshold (CT).
At the end of all cycles, the melting curve was generated to ensure the reaction specificity. The
expression of lncRNA HULC and miRNA-9 were normalized by the expression level of
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) and small nucleolar RNA, C/D box 68
(SNORD 68), respectively. The fold change formula of 2− ΔΔCT was utilized to calculate the relative
expression levels [15].

2.4.2. IL-6 measurement

Human IL-6 enzyme-linked immunosorbent assay (ELISA) Kit (Bioassay Technology
Laboratory, Shanghai, China) was utilized to measure serum IL-6. Based on the manufacturer’s
procedure, the assay steps were performed. The Sunrise™ absorbance reader (Tecan Trading AG,
Männedorf, Switzerland) was used for reading the plates. Serum IL-6 values were presented
in pg/mL. This Kit showed intra-assay and inter-assay precision coefficients of < 10% and < 12%,
respectively.

2.5. Statistical analysis

The Shapiro–Wilk test was used to check the data, and a non-parametric distribution was
detected. To compare parameters, the Kruskal-Wallis H test and the chi-squared test were utilized.
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The post-hoc test (Dunn's test with Bonferroni adjustment) was used for multiple comparisons. The
Spearman's correlation test was utilized to assess the degree of association. Receiver Operator
Characteristic (ROC) curve was used to assess the laboratory test's performance. The area under the
ROC curve (AUC) and its 95% confidence interval (CI) were estimated. The highest Youden's index
was used to determine the best cutoff point. The odds ratio was calculated using Logistic Regression
Analysis to clarify the association. Kaplan-Meier survival analysis, log-rank testing, and Cox
regression analysis were used to assess the outcome. A p-value of less than 0.05 was considered as
statistically significant. The software used was SPSS 20.0 (SPSS Inc., Chicago, IL, USA).

3. Results

Table 1. Demographic, clinical and laboratory characteristics of the subjects.

Parameters Controls (No.: 38) Non-severe (No.: 38) Severe (No.: 38) p-value
Age, years 54 [27-77] 50 [30-65] 60.5 [27-78] b 0.03*#
Sex, male 20 (52.6) 21 (55.3) 23 (60.5) 0.78
Smoking 9 (23.7) 7 (18.4) 8 (21.1) 0.85
Symptoms
Fever 11 (28.9) 13 (34.2) 0.62
Fatigue 13 (34.2) 14 (36.8) 0.81
Bone &muscles ache 8 (21.1) 9 (23.7) 0.78
Headache 16 (42.1) 14 (36.8) 0.64
Sore throat 24 (63.2) 22 (57.9) 0.63
Cough 19 (50) 22 (57.9) 0.49
Dyspnea 2 (5.3) 19 (50) <0.001*
Gastrointestinal tract symptoms 3 (7.9) 2 (5.3) 0.64
Ocular symptoms 4 (10.5) 2 (5.3) 0.39
Co-morbidities
Diabetes 7 (18.4) 10 (26.3) 0.41
Hypertension 7 (18.4) 15 (39.5) 0.04*
Coronary heart disease 2 (5.3) 6 (15.8) 0.14
Chest diseases 6 (15.8) 5 (13.2) 0.74
Outcome
Mortality 0 (0) 7 (18.4) 0.005*
Laboratory parameters
LncRNA HULC, fold change 1 [0.81-1.3] 2.19 [1-4.4]a,c 4.23 [1.3-6.5]a,b <0.001* #
MiRNA-9, fold change 1.02 [0.76-1.22] 0.71 [0.27-0.97]a,c 0.37 [0.21-1]a,b <0.001*#
Serum IL-6, pg/mL 2.7 [2-7.9] 18.4 [3.6-77.1]a,c 71.7 [25.9-220]a,b <0.001*#
Note: Data are expressed as median [range] or number (%); *: Significant; # p: Significance of Kruskal–Wallis H test
then post hoc Dunn's test; a: The significance difference in comparison to controls group; b: The significance difference
in comparison to non-severe group; c: The significance difference in comparison to severe group.

The demographic and clinical characteristics of controls and patients were presented in Table 1.
Regards subjects' age, there was a non-significant difference between controls and both patient
groups (p = 0.48, and 0.07, for non-severe and severe respectively). The severe group had
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significantly higher patients’ age than the non-severe group (p = 0.011). The most prevalent
symptoms were sore throat, cough, fatigue, and headache. Dyspnea percentage was higher in severe
patients than that of non-severe patients. Regarding comorbidities, hypertension was more prevalent
in severe patients. No mortality was detected among non-severe patients; seven patients from the
severe group (18.4%) died in the hospital. LncRNA HULC expression and IL-6 level were increased
in severe patients compared to non-severe patients and controls (p < 0.001). On the other hand,
miRNA-9 showed the lowest expression levels in the severe patients in comparison with non-severe
patients and controls (p < 0.001) (Table 1).

Figure 2. Correlation between markers in COVID-19 patients.

The role of markers in detecting the COVID-19 infection was assessed by ROC curve analysis.
The lncRNAHULC, miRNA-9, and IL-6 showed ROC-AUC values of 0.993 (95% CI: 0.980–1.006),
0.984 (95% CI: 0.967–1.00), and 0.984 (95% CI: 0.968–1.00) respectively. So, lncRNA HULC had
higher performance characteristics in differentiate healthy individuals from COVID-19 patients. In
COVID-19 patients, the correlation analysis of LncRNA HULC was performed. As presented in
Figure 2, lncRNA HULC was negatively correlated with miRNA-9 (p < 0.001, r = −0.582) (Figure
2A) and positively correlated with IL-6 (p < 0.001, r = 0.567) (Figure 2B). Furthermore, miRNA-9
showed a negative correlation with IL-6 (p <0.001, r = −0.0466) (Figure 2C).

Table 2. The performance criteria of the studied markers in discriminating the
severity of COVID-19.

Parameters Cutoff Youden’s index Sensitivity Specificity PPV NPP Accuracy

lncRNA HULC, fold-change > 2.89 0.89 94.7% 97.4% 97.3% 94.9% 96.1%

miRNA-9, fold-change < 0.61 0.76 92.1% 84.2% 95.4% 91.4% 88.2%

IL-6, pg/mL > 30.3 0.79 94.7% 84.2% 85.7% 94.1% 89.5%
Note: IL-6: Interleukin 6; PPV: Positive predictive value; NPV: Negative predictive value.

ROC curve analysis was performed on COVID-19 patients, to evaluate markers as predictors of
disease severity. ROC curves were performed, and ROC-AUC was assessed (Figure 3). The lncRNA
HULC was the most accurate predictor of COVID-19 severity. Table 2 presents the performance
criteria of the markers. Further assessment of the association between lncRNA HULC and
COVID-19 severity was performed by Multivariate Logistic Regression Analysis. The lncRNA
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HULC expression was adjusted to age, dyspnea, hypertension, miRNA-9, and IL-6. The lncRNA
HULC expression had an adjusted odds ratio of 52.5 (95% CI: 1.43−192.2, p = 0.031). So,
lncRNA HULC expression seems to be an independent predictor of COVID-19 severity.

Figure 3. Roc curve of studied markers as predictors of COVID-19 severity. (A)
lncRNA HULC, (B) miRNA-9, and (C) IL-6.

During the follow-up period of all COVID-19 patients, seven of 76 patients died (9.2%); all of
them from the severe group. The role of markers in prediction of COVID-19 mortality was evaluated
by ROC curve analysis. The lncRNA HULC, miRNA-9, and IL-6 showed ROC-AUC values of
0.744 (95% CI: 0.487−1.002), 0.756 (95% CI: 0.619−0.892), and 0.752 (95% CI: 0.605−0.898),
respectively. The cutoff values for predicting mortality of lncRNA HULC (4.2-fold-change),
miRNA-9 (0.39-fold-change), and IL-6 (54.1 pg/mL). The overall survival was assessed by the
Kaplan–Meier curve (Figure 4), which showed lower survival in patients with elevated lncRNA
HULC and IL-6 (log-rank test: p = 0.007 and 0.003, respectively). The Cox Regression Analysis
showed that a high lncRNA HULC expression > 4.2 fold-change was associated with COVID-19
mortality (hazard ratio = 2.2, 95% CI: 1.3–3.7, and p = 0.007). The lncRNA HULC had an adjusted
hazard ratio of 1.9 (95% CI: 1.02–3.56, p = 0.043) after the adjustment of IL-6. So, the lncRNA
HULC could be a significant independent prognostic factor for COVID-19 mortality.

Figure 4. Kaplan-Meier survival curve.
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4. Discussion

The role of lncRNAs in regulating COVID-19-mediated infection and subsequent disease
outcomes has become evident [16]. In vascular endothelial cells, TNF-induced apoptosis was
regulated by lncRNA HULC contributes to vascular endothelial dysfunction [17]. COVID-19 is an
endotheliopathy that causes the associated inflammation and cytokine storm [18]. Endothelial
dysfunction could be a common factor in both adults and children with severe COVID-19 [19].
Endothelial activation and dysregulated cytokine networks promote severe COVID-19, recovery
reliant on endothelial integrity renewal [9]. So, LncRNA HULC could have a regulatory role in the
pathogenesis and progression of COVID-19.

The host's miRNAs could influence COVID-19 pathogenesis. MiRNAs as an epigenetic
modulator may contribute to COVID-19 patients' overcomplications [20]. The lncRNA HULC acts
as a sponge for many miRNAs that have anti-inflammatory properties. The lncRNA HULC can
influence miRNA-9 expression by regulating DNAmethyltransferase [12,17,21]. In endothelial cells,
miRNA-9 suppresses apoptosis and inflammation [22]. Furthermore, miRNA-9 is an inflammatory
regulator can indirectly inhibit JAK-STAT signaling cascade through targeting the pathway
regulators [13]. The miRNA-9 specifically targets JAK1 and JAK3 [23,24]. Zhang et al. [23]
demonstrated that overexpression of miRNA9 inhibited STAT3 activity. Shen et al. [25] reported that
overexpression of miRNA 9 suppressed the inflammatory response by lowering the production of
IL-1, IL-6, and TNF- α. In COVID-19 patients, the IL-6/JAK/STAT pathway is significantly active,
exacerbating the host's inflammatory reactions. Surprisingly, activation of this route in a positive
feedback loop resulted in more production of IL-6 [26]. IL-6 is the main mediator of inflammation
and cytokine storm [27] seems to be due to the downregulation of miRNA-9 activates the
IL6/Jak/STAT3 pathway.

LncRNA and miRNA molecules meet most of the requirements for an optimal biomarker,
including specificity and sensitivity [28]. As a result, the current study was conducted to determine
the relevance of these markers in COVID-19. Also, we assess their ability to determine COVID-19
severity and prognosis at the initial diagnosis. To the authors’ knowledge, the predictive role of
lncRNAHULC and miRNA-9 in COVID-19 is not previously assessed.

The lncRNA HULC was found to be up-regulated in COVID-19 patients compared to controls.
More up-regulation was detected in severe patients in comparison with non-severe ones. Although
lncRNA HULC is required for the pro-inflammatory response that mediated by increased levels of
IL-6 [29,30], some experimental reports showed that overexpression of lncRNA HULC inhibits
inflammation and injury [31–33]. LncRNA HULC inhibits the expressions of inflammatory factors
(IL-1, IL-6, and IL-8), protects cells from hypoxia-induced inflammation damage, and promote
angiogenesis [31]. Also, lncRNA HULC had a protective effect against myocardial injury [33] and
TNF-α-induced cells injury [32]. IL-6 levels showed the same pattern as lncRNA HULC, confirming
Grifoni et al. [34] and Tang et al. [35] findings.

MiRNA-9, on the other hand, had the lowest expression levels in severe patients as compared to
non-severe patients and controls. Changed microRNAs expression can identify COVID-19 infection,
according to Li et al. [36] and Farr et al. [37]. Furthermore, COVID-19 severity is predicted by
circulating microRNA patterns [38] The lncRNA HULC had a negative correlation with miRNA-9
and a positive association with IL-6. Morenikeji et al. [39] revealed several lncRNAs that were
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correlated to cytokine storm during COVID-19. Furthermore, there was a negative correlation
between miRNA-9 and IL-6.

The role of the investigated markers in determining the severity of COVID-19 was evaluated in
this study. All the markers were found to be significant predictors of COVID-19 severity. In
agreement with Fernández-Pato et al. [40], who reported that COVID-19 alters plasma miRNAs at an
initial stage, suggesting miRNAs are extremely useful as indicators of disease severity. In patients
infected with COVID-19, IL-6 is a predictor of severe illness [41,42]. In the current study, the most
accurate marker was the lncRNA HULC. lncRNA HULC expression appears to be an independent
predictor of COVID-19 severity after adjustment of other significant factors. The findings of this
study may help in the detection of COVID-19 patients who are possibly severe early in the disease
course.

This study investigated the prognostic value of the studied markers in COVID-19 patients.
Patients with higher lncRNA HULC and IL-6 had a lower survival rate, but only lncRNA HULC
could be a significant independent predictive factor for COVID-19 mortality. In agreement with
Talwar et al. [43], who reported that IL-6 is not a reliable predictor of COVID-19 clinical outcomes.
The results of this study revealed the clinical efficacy of lncRNA HULC in COVID-19. The
generation of lncRNAHULC targeted therapies may be beneficial.

This study design showed some limitations. First, this is a single-center study. Second, lack of
serial measurements of the markers that may define the COVID-19 course. Third, changes in the
levels of the markers in response to treatment were not evaluated. Finally, this study did not assess
the exact molecular mechanism of lncRNA HULC in COVID-19. Further experimental studies of
molecular pathway are recommended.

5. Conclusions

In COVID-19 patients, the lncRNA HULC had a positive correlation with IL-6 and a negative
correlation with miRNA-9. These preliminary data need further studies to be confirmed. The lncRNA
HULC was the most accurate predictor of COVID-19 severity and mortality. The COVID-19
severity and mortality appear to be predicted independently by the lncRNAHULC.
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