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Introduction

Abstract: The complications of the respiratory system, that demining from
pneumonia to acute respiratory distress syndrome, are the marker to
disease severity of COVID-19. Natural killer (NK) is innate immune cells
that contribute in body defense against viral infections; a decrease in these
cells affects the development and severity of COVID-19. The study consists
of 34 cases diagnosed as severe COVID-19, 19 females and 15 males aged
(23-75) years, who attended Al- Diwaniyah teaching hospital during the
period (October 2023- July 2024). The healthy group included 20 samples,
13 males and 7 females aged (27-61) years. After diagnosis of COVID-19 -2
by the positive result of RT-PCR from nasopharyngeal specimens and chest
CT scan, RNA was extracted from the blood specimens for measuring
mRNA KLRK1 and 4-1BB via RT- qPCR technique. The result in the
research revealed lower KLRK1 mRNA in patients with COVID-19 (0.51
+0.25) compared to the healthy group (1.22 +0.56), while 4-1BB was
elevated in patients with COVID-19 (2.07+0.94) compared to the healthy
group (1.21+0.58) at a significant level (P < 0.01). This study indicated that
the deceased mRNA KLER1 and elevated 4-1BB in COVID-19 patients
might be an independent biomarker for prognosis and diagnosis of the
severity of COVID-19 infection.
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The pandemic of ongoing severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

represents a profound challenge facing the health system worldwide. Coronavirus disease (COVID-
19) is induced by SARS-CoV-2, that are belongs to the Beta-coronavirus genus,genomic (+ssRNA)
viruses, which noticed under electron microscope as spherical entities with an envelope with club-
shaped spikes. SARS-CoV-2 consist of 4 structurally proteins like the envelope (E), spike (S), the
nucleocapsid (N) and protein membrane (M), the S protein is related to the virus pathogenesis
because of its associated domain to the expressed of receptor in the host cells, this glycoprotein is
high affinity to (ACE2) receptors which present on in the upper and lower respiratory tract and the
tissue of lung , therefor SARS-CoV-2 can infect respiratory tract leading to pneumonia with
dangerous complications and high rate of death [1].The clinical manifestations of COVID-19 is
multiple and about 80% of infected individual are asymptomatic, or moderate symptomatic, the
remaining individuals about 20% suffer from the complication of severe infection [2,3]. The clinical
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forms of severe infection are observed in the cases included dys-regulations of complex immune and
an increased in the released of inflammatory cytokines which lead to pulmonary edema, severe
pneumonia, acute respiratory distress syndrome (ARDS) and dysfunction in multi-organ or eventual
death [4].Natural killer (NK) cells are important lymphocytes of innate immune that have the ability
to destroy virus through the expression of Natural Killer group 2D (NKG2D) encoded by a gene
KLRK1 (Killer Cell Lectin-Like Receptor K1). NKG2D is a receptor have an essential role in activation
and regulation the cytotoxicity of NK cells and T cell subsets that interact with NKG2DLs which
structurally homolog to MHC-I molecules and consist of (MICA /B) and the UL16-binding proteins
(ULBP1-6) that might be induced with different many types of cellular stress such as viral infection
and tumor cells [5,6,7]. The change in the activity of NK associated with severity of COVID-19
progression [8].The maturation of NK cells constitute about 10-15 % from circulating lymphocytes.
NK cells are present in bone marrow, spleen, liver and intestinal mucosa, and have important role
against several bacterial and viral lung infections like SARS-CoV-1, Influenza, and COVID-19 and
MERS-CoV infections  [9], 4-1BB (CD137, TNFRSF9) is a powerful co-stimulatory glycoprotein
receptor necessary for robust immune responses, is highly expression following the activation of
many leukocyte populations ncluding CD4+ and CD8+ T cells, regulatory T (Treg) cells, natural killer
(NK) cells, Upon relate to high-affinity receptors called 4-1BB ligand (4-1BBL), which is expressed on
the surface of several professional APCs, such as B cells, dendritic cells (DCs), and macrophages to
induce cell survival, proliferation, and effector functions[10,11].This study aimed to investigate the
role of KLRK1 and 4-1 BB gene expression as prognostic and diagnostic factor of patients with severe
COVID-19.

Materials and Methods
Study samples

Five milliliters blood was collected from 34 patients with severe COVID-19 (19 females and 15
males ) aged (23-75) year, COVID-19 was determined by RT-PCR for nasopharyngeal specimens
which collected from Al- Diwaniyah teaching hospital during period (October 2023- July 2024),
healthy group included 20 samples (13 males and 7 females) aged (27-61) years.
Real- time reverse transcription quantitative PCR (RT-qPCR) technique

RNA total was isolated from the blood sample by utilizing TRIZOL reagents, according to the
procedure of (PreAnalytiX; Qiagen Ltd), and RNA was converted to cDNA based on (AccuPower®
RT PreMix Kits) , which consists of blank-dried components necessary for the synthesis of cDNA,
like reaction buffer, M-MLV Reverse Transcriptase, and RNase inhibitor. With 1uM random hexamer
primer in the tubes, the protocol was conducted following the instructions of the AccuPower RT
PreMix (BIONEER / Korea). Measuring the gene expression profiles of KLRK1 and 4-1BB using the
SYBR Green RT-PCR kit (Promega Company). Specific sequences KLRK1 were designed in this study
through the design of Primer three online based on NCBI-Gene Bank database(Macrogen,Korea),as
follows: 4-1 BB F 5-TGCTTGTGAATGGG ACGAAG-3 R 5-ACGTCAGCGCAAGAAGAAG-3 [12],
GAPDH F 5- ATGGGGAAGGTGAAGGTCG-3 R 5- GGGTCATTGATGGCAACAATATC-3 [13]. The
data were expressed as copy numbers relative to (GAPDH) as a housekeeping gene The total reaction
size consists of ( 5 pl cDNA, 2 ul primer, and 13 ul master (water /mix). PCR amplifications were
carried out with initial denaturation for 3 minutes at 95°C, followed by 44 cycles with a two-step
(denaturation 10 sec at 95°C, annealing 30 sec at 58°C) melting curve, with a 5-second hold at 65°C
and 0.5 at 95°C, as in ( Figure 1). The calculation of relative expression levels of KLRK1 and 4-1BB was
performed based on the reference method as follows:
ACT (normalization )= CT (target)-CT (reference)
AACT(calibration) = ACT (experiential sample) - ACT ( control sample )
Relative expression =2¢2CT) [14].
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Figure 1. Annealing curve of genes study.

Statistical analysis

The data of this study was underwent for statistical analysis based on used SPSS VR. 24, T-
test was performed to compare the means of patients with healthy group at significant level (P< 0.01
), Receiver Operating Characteristic (ROC) to analyze the diagnostic precision of KLRK1 and 4-1BB
[15, 16].

Results

The demographic characteristics of study groups are revealed in Table 1. The patients aged
(60-75)years was higher (41.17 %) , while the percentage of low age (40-59) years was (23.52%).
Percentage of females was increased (55.88%) compared to males (44.11%).

Table 1. Demographic characteristics of study groups.

Characteristic Category Patient N=34 (%) Healthy N=20(%)
23-39 12 (35.29) 9(45)
Age 40-59 8(23.52) 7(35)
60-75 14 (41.17) 4(20)
Sex Male 15(44.11) 13(65)
female 19(55.88) 7(35)
0(0)
Diagnosis virus Result of real time Positive 34(100)
PCR Negative 0(0) 20(100)
Chest CT scan as viral Positive 34(100) 0(0)
pneumonia Negative 0(0) 20(100)
characteristic Category Patient N=34 (%) Healthy N=20(%)
23-39 12 (35.29) 9(45)
Age 40-59 8(23.52) 7(35)
60-75 14 (41.17) 4(20)
Sex Male 15(44.11) 13(65)
Female 19(55.88) 7(35)
0(0)
Diagnosis virus Result of real time Positive 34(100)
PCR 20(100)

Negative 0(0)
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Chest CT scan as viral Positive 34(100) 0(0)

pneumonia Negative 0(0) 20(100)

CT = computed tomography, PCR=Polymerase Chain Reaction

Estimation of KLRK1 and 4-1BB gene expression by real-time quantitative PCR

To estimate the transcriptional profiles of the target genes, RT-qPCR data were calculated
based on the cycle threshold (CT) ratios of KLRK1 and 4-1BB relative to the GAPDH housekeeping
gene in the patient and healthy groups. The amplification diagram revealed distinct differences in the
(CT ) values for both target genes in patients compared to healthy controls. KLRK1 was decreased in
patients at CT range (32-34 ) compared to the healthy group at CT range (30-33) as shown in Fig 2. 4-1
BB increased in patient with CT value (27-30) compared to healthy (29-31) (Fig 3), while there was no
difference in the CT data of GAPDH in the range (24- 26) between study groups as in as seen in
(Figure 4).

Amplification
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Figure 2. Quantitative PCR plot of KLRK1 gene in study group.
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Figure 3. Quantitative PCR plot of 4-1BB gene in study group.
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Figure 4. Quantitative PCR plot of GAPDH gene in study group.

Evaluation of KLRK1 and 4-1BB gene expression in study groups

The data of KLRK1 gene as in (Figure 5) showed that the mean of KLRKlgene was
significantly decreased at rate (0.51+0.25) in COVID-19 patients compared with the mean of healthy
group (1.22+0.56) at significant level (P < 0.01), while the mean of 4-1 BB elevated in COVID-19
patients (2.07+0.94) compared healthy (1.21+0.58) (P <0.01) as seen in (Figure 6).
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Figure 5. KLRK1 gene expression in COVID-19 patients and healthy group.
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Figure 6. 4-1BB gene expression in COVID-19 patients and healthy group.
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Area Under the ROC Curve (AUC-ROC) analysis

To assess the diagnostic efficacy of KLRK1 and 4-1BB, the ROC curve was analyzed for serum
KLRK1 and 4-1BB in COVID-19 patients (n=34) vs. the control group (n=20). The area under the curve
AUC values =0.81, CI=95%=0.65-0.96, sensitivity =76%, specificity =83%, cut off=0.76 was related to the
level of KLRK1 in COVID-19 patient and healthy control at p-value =0.02 ( Figure 7), while AUC
value= 0.79,CI=95%=0.66-0.91, sensitivity =71%, specificity =85%, cut off=1.64 was correlated with 4-
1BB level COVID-19 patient and healthy control at P <0.01 ( Figure 8).
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Figure 7. ROC curve of KLRK1 in study group
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Figure 8. ROC curve of 4-1BB in study group

Discussion

COVID-19 affects females and males, without sparing any age group. The results in this study
indicated that the female is high infected compared to males, and this result is consistent with a recent
study of Flor et al that was carried out during the COVID-19 pandemic and showed that females were
more infected than males [17]. The prevalence of virus in females may be return to several reason like
psychological factor, females are more afraid of contracting the virus and their movement have been
restricted, that lead to decrease in hospitalizations, also increase of visit to outpatient and emergency
during the pandemic of virus [18], as well as, the evidence indicated that female have been severely
affected by the consequences of the COVID-19 pandemic, females are vulnerable to economic and
social factors [19]. The data in this study showed that patients aged 60-75 years are more likely to be
infected with COVID-19. This result agrees with a recent study of Starke et al suggested that old age
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has been recorded to be a factor related to the severity of COVID-19. The individual aged 60 years is
considered more effectively infected with the virus [20]. COVID-19 might infect people of any age
and cause serious illness, hospitalization, and death. In general viruse, can spread among younger
individuals and focus primarily on older people aged more than 55 years [21]. Old age is a potent and
independent risk factor to hospitalization and ICU admission [22].

The imaging of computed tomography (CT) has an essential role in the diagnosis and
management of patients with COVID-19, while real-time PCR provides a test for COVID-19 diagnosis
with high specificity. Several studies have recorded the important role of CT in the management of
COVID-19 patients. The imaging used as an indicator for COVID-19 diagnosis has been established in
some countries [23,24]. the result of the current study as seen in Table 1 revealed that the diagnosis
of COVID-19 by chest CT an RT PCR was positive at rate (100%), this result agreed with study by Ai
et al that carried out for 1014 patients with COVID-19 and referred that the sensitivity of chest CT in
COVID-19 patients was at rate (97%) depending on the result of RT-PCR [25]. A study carried out by
Boger et al showed that the chest CT isn't as sensitive as compared to laboratory test for the diagnosis
of COVID-19, like RT-PCR, thus utilizing CT alone doesn't have clinical benefit in COVID-19
diagnosis [26], Other studies explained that chest CT might be confined to evaluate COVID-19
pneumonia complications and severity, such as ARDS, when an alternative diagnosis of disease is
present [27,28].

NK cells have important in innate immune response and acts as defense barrier fight against
the viruses of pulmonary during early phase of COVID-19,the amount of NK cells was elevated, thus
NK cells can prevent fibrosis of lungs and allows the lungs to perform their normally function in
some infected individuals, while in cases of severe COVID-19 the clearance of virus and progression
of diseases correlated number of NK cells thus, the viral infection was a raised with dysfunction and
decreased NK cells number, several studies have indicated that the decreased number and
dysfunction of NK cells in the blood in patients with severe COVID-19, where these cells are lose
ability to prevent the spread of illness and destruction the infected cells, that cause pulmonary
inflammation progression in the pneumonia of COVID-19 and result in destruction of lung tissue [29,
30]. Also in study carried out Cao et al hypothesized reduction in the functions of NK cell, like
impaired in abilities of anti-fibrosis and antiviral activity, that might be closely related to severe
COVID-19 progression [31] The result of current study demonstrated that the decreased KLRK1
mRNA levels in severe COVID-19 patients might lead to reduce the active receptor NKG2D on
surface of NK cells thus loss ability of these cells to effective immune response against to COVID-19
[32], this result is consistent with many finding indicated the exhaustion of NK cell and explained via
the decreased of expression of NKG2D by NK cells [33,34].

The decreased of NK cells in peripheral blood might be due to several reason like the increment
of NK cell apoptosis, the turnover change, and return to the inflamed/infected tissues [35].

Function of cytotoxic NK cells is inhibited in patients with COVID-19 by many mechanisms,
one of these mechanism that cells with COVID-19 can evade from NK cell by induction the alteration
and modulation in the response of NK cells to virus, where viral proteins Nspl and Nsp14 can down-
regulation of ligands for the NK cell activating receptors NKG2D, thus in cells infected with virus the
responses of NK cell less efficient against COVID-19 compared to the cells of uninfected,the COVID-
19  can use another mechanisms to escaped from NK cell that mediated clearance of viral like,
reduction of number of NK cells in the peripheral blood or induce NK' cells exhaustion via increasing
expression of the inhibitory receptor NKG2A and decreased of activating receptors like NKG2D, thus
result in the severe destruction of lung tissue [36,37], Reduction of NK activity may occur via
impairing NKG2D expression which blocked via soluble stress-stimulate molecules MICA/B. Thus,
NKG2D was decreased in patients who died compared to survival patients [38], therefore, the down-
regulation of NKG2D permits viral escape, high expression of pro-inflammatory cytokines, and
increasing lung pathology [39]

The result of this study was agreed with several recent studies in patients with severe covid-19,
NK cell might be exhausted due to decrease frequently of NKG2D receptor on surface of NK cells,
thus activating receptor NKG2D expression by NK cells may be associated with severity of COVID-19
disease, the NKG2D expression was decreased in severe COVID-19 patients compared to negative
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groups at (P< 0.01) [40,41],in addition the result indicated the higher significant increase of 4-1BBgene
expression in COVID-19 patients compared to healthy control as seen in [Figure 6], These findings
were recapitulated by Sanchez et al who explained the critical role 4-1BB co-stimulation on immune
responses elicited by mRNA vaccine encoding the SARS-CoV-2 spike antigen in mice, and during the
priming phase administering 4-1BB costimulatory antibodies did not stimulate immune responses,
while the delay administering 4-1BB co-stimulatory antibodies after 96 hours, may lead to significant
improvement in CD8 T cell responses was observed, providing greater protection against
breakthrough infections [42], the result of this study also deal with another study that confirmed that
s4-1BB were relegated to COVID-19 severity rate, and the expression of 4-1BB on surface CD4* and
CD8* T cells is significantly increased severity cases compared to mild cases, reflecting systemic
immune hyper-activation in severe cases[43]. The immune system aggressively fights off SARS-CoV-2
by activation of T cells, which up-regulate 4-1BB on their surface to promote clonal expansion and
survival, also, several studies showed the direct role of 4-1BB in the hyper inflammatory response in
severe COVID-19 patients, persistent stimulation of high levels of 4-1BB pathways is associated with
exhausted T cells that lead to tissue damage and poor clinical outcomes [44,45].

Conclusion

This study concluded that ineffectiveness and exhaustion of NK-cell through down regulating
of mRNA KLRKI1 that encode to active receptor NKG2D are important factor related with severe
COVID- 19 disease, while the elevated of 4-1BB gene expression indicated for exhausted of T cell,
thus the better understand role of KLRK1 gene during the cases of severe COVID-19, can be carried
out in more studies in the future about new strategies of the development of NK-cell-based treatment
with elimination of virus and prevention the progression of COVID-19 disease by changes in the
expression of receptors on surface of NK cell like NKG2D for improving NK cell function.
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