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Abstract: Since the COVID-19 pandemic, a significant number of pediatric leukemia patients have shown to have 
also contracted COVID-19 several weeks or months prior to the development of their cancer. Current research 
indicates the expression of MDA5, encoded by IFIH1, is associated with increased immunity to COVID-19 in chil-
dren. Children are also known to have a much lower risk of developing leukemia. Our hypothesis is that IFIH1 and 
its regulatory miRNAs are biomarkers associated with pediatric leukemia; the objective of our study is to identify 
genes, through miRNA targeting mechanisms, which may be biomarkers associated with COVID-19 infection and 
leukemia. The database TarBase was analyzed to identify miRNAs that target IFIH1, followed by the identification 
of other genes regulated by IFIH1’s targeting miRNAs, to construct a gene-miRNA targeting network. Protein-Protein 
Interaction (PPI) analysis and DAVID/KEGG pathway analysis were conducted to identify genes with meaningful bio-
logical interactions and pathways. We identified two significant miRNAs, hsa-196a-5p and hsa-196b-5p, and 51 of 
their targeted and highly expressed genes reported in the Acute Myeloid Leukemia (AML) samples from The Cancer 
Genome Atlas (TCGA) RNA sequencing database. When conducting additional analysis using the Gene Constellation 
module of the Immunological Genome Project for the top three candidate genes, several other genes were identified 
to be highly correlated with STAT3 and IFIH1 in our study. Based on our investigation into co-expression analysis, we 
found that IFIH1 is a potential biomarker for AML. We are expanding our work to create a machine learning model to 
identify other biomarkers, examine the significance of various parameters (age, race, etc.), and perform comorbidity 
network analysis for other potential genes/miRNAs.
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Introduction

Acute Myeloid Leukemia (AML) has a higher 
mortality rate compared to Acute Lymphoblas- 
tic Leukemia (ALL) in children, with most cases 
occurring in children who are either younger 
than 2 years old or teenagers. In AML, myeloid 
stem cells differentiate into unhealthy white 
blood cells called “blasts”. These blasts, 
instead of fighting off infection and helping to 
protect the body, build up in bone marrow and 
leave less room for healthy blood cells. This 
type of leukemia also does not always stay in 
the blood or bone marrow and may travel to the 
skin, spine, or other organs.

Many studies have consistently reported that 
many children with AML have experienced a 
previous episode of COVID infection weeks to 

months prior to the onset of their cancer, sug-
gesting an association between COVID-19 in- 
fection and AML development. In one study,  
the researchers discovered that the correlation 
between leukemia and COVID-19 infection is 
the strongest when compared to other cancers 
[1]. This is consistent with results from another 
study, which showed that COVID-19 infection is 
associated with acute leukemia and severe 
bone marrow involvement [2]. COVID-19 has 
also been associated with other types of blood 
cancers. For example, the diagnosis of Hair  
Cell Leukemia (HCL) in COVID-19 patients has 
been a reported relationship [3]. In addition, 
children who have blood malignancy are more 
likely to contract significant COVID-19 infection. 
Furthermore, patients with COVID-19 have an 
increased risk of developing a life-threatening 
illness if they are receiving one or more treat-
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ments intended to treat their blood cancer [4]. 
These studies highlight the possible associa-
tion between COVID-19 infection and AML.

The goal of our project is to identify genome-
wide candidate genes which could serve, in the 
context of miRNA targeting mechanisms, as 
biomarkers of COVID-19 and leukemia. Many 
studies show that children are less susceptible 
to contracting COVID-19 and are also less sus-
ceptible to developing AML compared to adults. 
Children’s heightened immunity to COVID-19 
has been proposed to stem from their high 
expression of the IFIH1 gene, which encodes 
the MDA5 protein. It is known that MDA5 recog-
nizes double-stranded RNA and prompts the 
innate immune response [5]. We used IFIH1 as 
an entry point of the study, analyzed it using 
multiple databases, and identified potential up- 
stream regulatory miRNAs of IFIH1 and other 
potential target genes of IFIH1 that are dysreg-
ulated in AML.

To examine the evident relationship between 
COVID-19 and AML, we used data from The 
Cancer Genome Atlas (TCGA), which has over 
20,000 original tumor and matched normal 
samples from 33 different studied cancer types 
and is a part of a significant cancer genomics 
initiative project [6] (https://www.cancer.gov/
ccg/research/genome-sequencing/tcga). The 
Level 3 (de-identified) RNA expression data 
generated from TCGA are publicly available to 
the community.

We also wanted to incorporate microRNAs (or 
miRNAs) into our study, since miRNAs are 
important regulators of cell function and gene 
expression and they have also not been widely 
examined in COVID-19 and leukemia. Micro- 
RNAs are small (~17-22 bp) non-coding RNAs 
that can regulate gene expression through 
many mechanisms, including binding to the 3’ 
Untranslated Region (UTR) of an mRNA and 
thus reducing protein translation efficiency. 
Additionally, miRNA dysregulation in cancer has 
been reported [7] for low levels of miRNA 
expression, which most likely causes overex-
pression of their target genes [8].

As more scientists recognize disease-causing 
mechanisms through miRNA post-transcrip-
tional regulation channels, the process of iden-
tifying connections for genes and targeting 
miRNAs between diseases has become more 
streamlined. The correlation of miRNA-related 

diseases and potential influences have also 
been reported previously in other studies [9]. 
Our study has identified several candidate 
genes and miRNAs in the context of miRNA  
targeting mechanisms, based on TCGA Acute 
Myeloid Leukemia (LAML) RNA sequencing 
data, that could serve as comorbidity biomark-
ers of diseases (i.e., Coronavirus disease and 
leukemia cancer).

Material and methods

Identification of miRNAs that regulate the hub 
gene IFIH1 and their other target genes

Because previous studies have shown that high 
expression of IFIH1 in children plays a role in 
their resistance to COVID-19, we first decided 
to search for miRNAs that target IFIH1. Using 
TarBase 7.0 [10], we inputted IFIH1 and se- 
lected “Homo sapiens” as the species. Two 
upstream miRNAs (hsa-miR-196a-5p and hsa-
miR-196b-5p) from the same family that had  
a prediction score greater than 0.7 were identi-
fied. Since miRNAs usually target multiple 
genes, we also decided to search for other 
genes targeted by the two miRNAs using 
TarBase. There were 77 targeted genes report-
ed for hsa-miR-196b-5p and 101 targeted 
genes reported for hsa-miR-196a-5p.

Evaluation of expression of the target genes of 
miRNAs from TCGA RNA-Seq data

We employed putty Unix commands to search 
the above identified miRNA-targeted gene lists 
against TCGA LAML RNA-Seq data to retrieve 
expression information in terms of Transcripts 
Per Million (TPM). We wanted to focus on the 
genes that had the highest expression in leuke-
mia, for those miRNA-targeted genes presum-
ably have the highest effect (influence) on the 
development of leukemia. After obtaining the 
resulting lists of genes, we selected the ones 
with significantly high expressions (>500 TPM). 
From this, we acquired 51 candidate genes 
with a TPM score >500.

Protein-protein interaction of targeted genes

We used the STRING database [11] to conduct 
Protein-Protein Interaction (PPI) between the 
51 genes with a significantly high expression 
(>500 TPM) to identify the genes that directly 
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interact with IFIH1. The default search param-
eters were employed to generate the interac-
tion network.

Expression levels of IFIH1, STAT3, and 
MAP3K1 in acute myeloid leukemia

Genes that are highly expressed in certain dis-
eases are usually an indicator that they play  
an important role in those diseases. Therefore, 
we wanted to verify that the three candidate 
genes, IFIH1, STAT3, and MAP3K1, are highly 
expressed in Acute Myeloid Leukemia by 
obtaining their expression data and determin-
ing if their expressions are higher in AML. To  
do this, we inputted all three candidate genes 
into the UCSC Xena database [12], selected  
the GDC TARGET-AML pediatric patient dataset 
[13], and obtained the graphs of each candi-
date genes’ expression levels.

The expressions of IFIH1, STAT3, and MAP3K1 
in normal blood cells

It is important to understand the expressions  
of these potential biomarkers in normal tis-
sues; thus, we examined the expression levels 
of the three genes in published databases.  
We searched Immunological Genome Project 
(ImmGen) databases [14] for the three genes’ 
expression data in mice and found that all  
three genes are ubiquitously expressed in all 
cell types (data not shown). We then focused  
on immune cells when retrieving expression 
information for all three candidate genes. We 
individually entered each candidate gene into 
the database (Results would be more detailed 
with individual genes compared to multi-gene 
queries) and observed the cell types that each 
gene was differentially expressed in.

Pathway analysis of IFIH1, STAT3, and 
MAP3K1

To identify the common pathways these three 
genes are involved, we ran DAVID [15]/KEGG 
[16] pathway databases to search for the func-
tional importance for the three candidate genes 
(IFIH1, STAT3, MAP3K1). We entered the list of 
the three candidate genes into the database, 
selected “Homo sapiens” as the species, and 
selected “OFFICIAL_GENE_SYMBOL” as the ID. 
To ensure that we obtain the most significant 
and accurate results, we chose the “Disease” 

section (In hopes of seeing AML) and explor- 
ed the first result that was shown under the 
“Disease” category.

Functional enrichment analysis of IFIH1 and 
STAT3

In the above pathway analysis, the Hepatitis B 
pathway was identified as the top hit (with the 
highest significance) out of the other pathways 
that the three candidate genes were involved 
in. We then wanted to confirm this through an 
independent analysis. The g:Profiler tool [17] 
was used to search for any roles/diseases the 
genes had. Because MAP3K1 showed a few 
inconsistent results, we focused on the other 
two candidate genes (IFIH1 and STAT3) and 
searched for functional enrichment or over-rep-
resentation of the genes. Specifically, the two 
candidate genes were inputted into g:Profiler to 
detect statistically significant enriched terms 
that the genes were involved in. The enrich-
ment analysis was performed using a cumula-
tive hypergeometric test, and the non-standard 
multiple testing correction was adopted by 
g:Profiler.

Correlation of the expressions of IFIH1, STAT3, 
and MAP3K1

We next wanted to test if there was a correla-
tion of the expressions of the three genes. 
Thus, we used the UCSC Xena database [12], 
an online exploration tool for multi-omic and 
clinical/phenotype data. We entered the three 
genes into the database and retrieved ex- 
pression correlation graphs between all three 
genes, obtaining 3 sets of pair correlations. The 
genes’ expressions were from the GDC TARGET 
AML dataset [13] to ensure that the three 
genes positively correlated with one another 
while also confirming that they are linked to the 
development of AML.

Identification of additional genes connected to 
the candidate genes that are potentially linked 
to AML

We also sought to identify additional genes that 
could possibly be related to IFIH1 and STAT3 to 
expand the number of drug target options for 
AML and COVID-19. Because MAP3K1 analysis 
had given inconsistent results, we did not in- 
clude this gene in the analysis. We employed 
ImmGen’s gene constellations to model corre-
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lations between other different genes to find 
any additional genes that have a relationship 
with IFIH1 and STAT3.

Verification for the interaction between the 
three candidate genes and the COVID-19 pro-
tein (SARS-CoV-2)

To test if the MDA5 and SARS-CoV-2 protein 
molecules interact for MDA5, we obtained the 
crystal structures of both from the Protein Data 

Bank. Specifically, we obtained 3GA3 (Crystal 
structure of the C-terminal domain of human 
MDA5), 6LU7 (SARS-CoV-2 protein), and 6NJS 
(STAT3 Core in complex with compound SD36). 
We then used the ZDOCK server [18, 19] to 
visualize all the proteins’ interactions. After 
obtaining the candidate genes’ protein data 
from the Protein Data Bank and inputting them 
into the ZDOCK server, we developed two mod-
els that show the protein structure needed to 
ensure that the three proteins interact with 
each other.

The overall analysis workflow for this study is 
shown in Figure 1.

Results

MiRNAs targeting the hub genes

Because previous studies have shown that high 
expression of IFIH1 in children contributes to 
their resistance against COVID-19, we decid- 
ed to search for miRNAs that targeted IFIH1. 
Two upstream miRNAs (hsa-miR-196a-5p and 
hsa-miR-196b-5p) from the same family that 
had a prediction score greater than 0.7 were 
identified. Since miRNAs usually target multiple 
genes, we also decided to search for other 
genes targeted by the two miRNAs using 
TarBase [10]. There were 77 target genes 
reported for hsa-miR-196b-5p and 101 target 
genes reported for hsa-miR-196a-5p.

Figure 1. Workflow of bioinformatics tools and databases used in analysis. 

Figure 2. Target genes of miRNAs hsa-miR-196a-5p 
and hsa-miR-196b-5p with high expression in AML. 
The target genes of both miRNAs were filtered to only 
include the genes with a TPM score of >500 TPM in 
the TCGA LAML database; 51 genes were selected 
as a result. Of the 51 target genes, 35 are shared by 
both miRNAs, one is unique to hsa-miR-196b-5p, 15 
are unique to hsa-miR-196a-5p.



Candidate biomarkers for COVID-19 in pediatric leukemia

250	 Am J Clin Exp Immunol 2024;13(6):246-258

Figure 3. IFIH1 is associated with STAT3 and MAP3K1. After inputting the 51 potential target genes of miRNA hsa-
miR-196b-5p and hsa-miR-196a-5p into the STRING database, we found that IFIH1 had no direct connections other 
than the two genes, STAT3 and MAP3K1, which were reported to closely interact with IFIH1.

Expression of the target genes of the two 
miRNAs

We employed putty Unix commands to search 
the above identified miRNA targeted gene lists 
against TCGA LAML RNA-Seq data to retrieve 
expression information (Transcripts Per Million 
or TPM).

Since both miRNAs were from the same family, 
51 genes were obtained with a Transcript Per 
Million (TPM) score higher than 500 (Figure 2) 
from the combined list for downstream analy-
ses (The target gene lists for the two miRNAs 
were combined because more genes could be 
found to be targets of the two miRNAs). Since a 
TPM score higher than 500 is a commonly used 
cut off, this threshold was used in LAML tumor 
data to narrow down the list of 77 genes to 36 

genes for hsa-miR-196b-5p and the list of 101 
genes to 50 genes for hsa-miR-196a-5p.

Protein-Protein Interaction gene set for IFIH1 
gene

STRING database [11] search resulted in the 
identification of STAT3 and MAP3K1, which 
were reported to closely interact with IFIH1 
(Figure 3).

Expression levels of IFIH1, STAT3, and 
MAP3K1

The UCSC Xena database [12] was used to pro-
duce the graphs of each candidate genes’ 
expression levels. All three genes are highly 
expressed in AML samples (Figure 4). Taking 
into account that the minimum value consid-
ered high expression is 9.965, the values for 
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Figure 4. Majority of AML samples from TARGET-AML trial have high expression of IFIH1, STAT3, and MAP3K1. All 
three candidate genes have a significantly high expression in the GDC TARGET AML dataset [11], thus all three 
genes are involved in the development of AML.

Figure 5. Expression of STAT3 and IFIH1 in immune cells. ImmGen [14] expression analysis of the mice model 
showed that the two genes, STAT3 and IFIH1, are highly expressed in CD16+ monocytes. The purple line shows 
IFIH1’s highest expression, which is in monocytes, and the red line shows STAT3’s highest expression, which is in 
the same immune cell as IFIH1, monocytes. These results show that IFIH1 and STAT3 are linked. The MAP3K1 gene 
is not shown in this figure because it did not present significant results for this test.

IFIH1, STAT3 and MAP3K1 are 17.5, 19.1 and 
18.5, respectively.

The ImmGen expressions of IFIH1, STAT3, and 
MAP3K1

To understand the expression of these poten-
tial biomarkers in normal tissues, we examined 
the levels of these three genes in published 
databases. In this case, we used the ImmGen 
databse. As shown in Figure 5, IFIH1 and  
STAT3 were highest expressed in monocytes, 

and MAP3K1 was highest expressed in whole 
blood cells. Thus, IFIH1, STAT3, and MAP3K1 
could all be associated with leukemia, for leu-
kemia affected the cells that all three genes 
were highest expressed in.

Pathway results of IFIH1, STAT3, and MAP3K1

It is important to identify the common pathways 
these three genes are involved in together, so 
we ran the DAVID [15]/KEGG [16] pathway 
databases to search for the functional impor-
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Table 1. Analysis of pathways where IFIH1, STAT3 and MAP3K1 are involved
Term Genes P-value Fold Enrichment
hsa05161: Hepatitis B IFIH1, MAP3K1, STAT3 4.4130923260829284E -4 47.44137931034483
GO:0032755~positive regulation of interleukin-6 production IFIH1, STAT3 1.0766391720932331E -2 123.5111111111111
GOTERM_BP_DIRECT GO:0032760~positive regulation of tumor necrosis factor production IFIH1, STAT3 1.1073146675286262E -2 120.08024691358024
hsa04622: RIG-I-like receptor signaling pathway IFIH1, MAP3K1 1.6361056013736306E -2 81.16431924882629
h_egfPathway: EGF Signaling Pathway MAP3K1, STAT3 1.663585951940162E -2 60.111111111111114
h_pdgfPathway: PDGF Signaling Pathway MAP3K1, STAT3 1.725200246456486E -2 57.96428571428572
KW-0219~Diabetes mellitus IFIH1, STAT3 1.8166455428756008E -2 55.04651162790697
hsa04935: Growth hormone synthesis, secretion and action MAP3K1, STAT3 2.7573784811262776E -2 48.02222222222222
hsa05162: Measles IFIH1, STAT3 3.167660401229694E -2 41.7584541062802
hsa05171: Coronavirus disease - COVID-19 IFIH1, STAT3 5.296151957686342E -2 24.839080459770116
DAVID [15] functional annotation top 10 most significant results for candidate genes (IFIH1, STAT3, MAP3K1). The fold enrichment score and p-value for the top hit, Hepatitis B, is extremely significant, show-
ing that all three genes are also involved in Hepatitis B pathway.
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Figure 6. Functional annotation from g:Profiler for IFIH1 and STAT3. The results from g:Profiler [17] show - and sup-
port the fact - that both genes are involved in Hepatitis B and the Coronavirus disease.

tance of the three candidate genes (IFIH1, 
STAT3, MAP3K1). The analysis revealed infec-
tion and immune pathways as among the top 
hits (Table 1). Additionally, the Hepatitis B path-
way had the highest hit among the others, thus 
it is a disease also potentially associated with 
IFIH1, STAT3, and MAP3K1.

Functional enrichment analysis confirms that 
IFIH1 and STAT3 are involved in the Hepatitis B 
and Coronavirus disease pathways

Identifying functionally important genes and 
associated terms are useful and informative. 
The Hepatitis B pathway was identified as the 
top hit in the above pathway analysis (with the 
highest significance) that the three candidate 
genes were involved in. It is clear that the two 
candidate genes (IFIH1 and STAT3) are indeed 
involved in COVID-19 and Hepatitis B (Figure 6). 

These results support the DAVID [15]/KEGG 
[16] pathway analysis results (Table 1).

Correlation of the expressions of IFIH1, STAT3, 
and MAP3K1

After inputting all three genes into the UCSC 
Xena database and retrieving their expression 
information from the GDC TARGET-AML datas-
et, we found that they are all positively corre-
lated with each other (Figure 7). This indicated 
that these genes are likely all co-expressed in 
leukemia samples.

Additional genes connected to the candidate 
genes that are potentially linked to AML

The genes closer to the center of the constella-
tion graphs have a more significant correlation 
with the target gene. This revealed that the 
genes ALPK1, OASL2, DYNC1LI1, and SAMD4B 

Figure 7. Correlation analysis results for STAT3 and IFIH1 in GDC TARGET-AML cohorts. The expression of STAT3 
versus IFIH1 (Left), MAP3K1 versus IFIH1 (middle), STAT3 versus MAP3K1 (right) in Acute Myeloid Leukemia are 
positively correlated, indicating all three genes are co-expressed in the development of AML.
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Figure 8. Mouse orthologous gene constellation graph for IFIH1 (left) and STAT3 (right). We found that ALPK1 has a 
higher correlation alongside IFIH1 and DYNC1LI1, OASL2, and SAMD4B have a higher correlation alongside STAT3. 
These additional genes could serve as possible drug targets for combating AML and COVID-19.

Figure 9. Molecular visualization of the structure of the 6LU7/3GA3/6NJS protein.

potentially interact with IFIH1 and STAT3 (Figure 
8).

Interaction between the three candidate genes 
and the COVID-19 protein (SARS-CoV-2)

Revealing atomic-level accuracy of protein-pro-
tein interactions responsible for key biological 
processes is important. In order to test if the 
protein molecule MDA5 (encoded by IFIH1) 

interacts with SARS-CoV-2, we obtained both of 
their crystal structures from the Protein Data 
Bank to perform docking prediction of their pro-
tein complexes. As shown (Structure in pink) in 
Figure 9, SARS-CoV-2 did not directly interact 
with MDA5.

To understand this, SARS-CoV-2 does not 
directly interact with IFIH1; in reality, they inter-
act through STAT3, which directly interacts with 
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Nsp1, which is a nonstructural protein compo-
nent in COVID-19 [20]. Molecular docking pre-
dictions based on the ZDOCK server prediction 
tool [18, 19] of MDA5 and the main protease of 
COVID-19 also show the interaction complex 
between the two proteins (Visualization graphs 
were generated using the PyMOL software 
[21]).

Discussion

Our study identified three genes involved in 
COVID-19, AML, and HBV. IFIH1 has been re- 
ported to play an important role in children’s 
immunity against COVID-19 compared to adults 
[22, 23]. Both COVID-19 and leukemia diseas-
es have been reported in literature to be asso-
ciated with each other [24, 25]. Using IFIH1 as 
the hub gene, we identified two miRNAs that 
regulate IFIH1. Then, through analysis of the 
targeted genes of these two miRNAs, we identi-
fied two genes (STAT3 and MAP3K1) that have 
a direct interaction and are co-expressed with 
IFIH1. Moreover, our results indicated that all 
three genes could contribute to the comorbidity 
of COVID-19, AML, and HBV. Through extending 
the analysis for these three candidate genes, 
more genes could be further studied to evalu-
ate their candidacy serving as biomarkers for 
comorbidity of complex diseases.

STAT3 has been demonstrated to be active in 
the upstream regulator analysis on Differential 
Expression of Genes (DEGs) linked with survival 
in End of Induction (EOI) residual blast cells 
obtained from AML bone marrow (BM) samples 
in a relatively recent scRNA-seq study discuss-
ing pediatric AML [26]. STATs regulate the ex- 
pressions of genes involved in immunological 
responses, inflammation, apoptosis, and onco-
genesis as well as cell proliferation and differ-
entiation [27], and can also regulate or be regu-
lated by miRNAs through binding to its upstream 
enhancer regions [28]. Our results suggest that 
STAT3 could be an important biomarker of 
COVID-19 and AML in children.

Interestingly, pathway analysis further revealed 
that there was also a connection between 
COVID-19 and Hepatitis B. HBV has been linked 
to chronic leukemia, particularly acute myeloid 
leukemia, according to evaluation of current 
bone marrow sample data in a published study 
[29]. Children with acute lymphoblastic leuke-
mia (ALL) carry a high risk of hepatitis B virus 

(HBV) infection. Therefore, there could be 
shared pathways and gene regulation mecha-
nisms between COVID-19 and HBV infections.

The miRNAs have been shown to play impor-
tant roles in physiological regulation of blood 
cells and in leukemia development. Based on 
the Diana Tools - MiTED result [30], hsa-miR-
196b belongs to one of the top 2% highly 
expressed miRNAs in Bone Marrow tissue and 
AML. hsa-miR-196a-5p is complementary to 
sites in the 3’UTR of MAP3K1, which exhibits 
upregulated expression at mRNA and protein 
levels [31]. By employing mirPath-v3 [32], we 
found hsa-miR-196a and its targeted genes, 
STAT3, MAP3K1, and IFIH1. Together, our data 
suggests that hsa-miR-196b and hsa-miR-
196a-5p and their target genes (STAT3, MA- 
P3K1, and IFIH1) can potentially be important 
biomarkers of COVID-19, AML and HBV.

MiRNA-196a has not only been reported to 
have elevated levels in AML: recent evidence 
related to estrogen receptor (ER)-positive bre- 
ast tumors has shown up-regulation of the 
miRNA compared to ER-negative tumor tissues. 
Cervical cancer was also seen to be linked to 
the up-regulation of miRNA-196a, and cervical 
cancer patients with high levels of the miRNA 
are reported to have a decreased chance of 
survival. This miRNA has also been discovered 
to play a role in non-malignant disorders, such 
as chronic kidney disease, diabetic nephropa-
thy, and more [33]. The trend of miRNA-196a 
up-regulation increasing disease severity can 
be applied to COVID-19, AML, and HBV. Addi- 
tionally, SARS-CoV-2-induced dysregulation of 
miRNA targets may play a role in the dysregula-
tion of miRNA targets in COVID-19 [34]. Thus, 
through dysregulating miRNAs such as the miR-
NA-196a family, SARS-CoV-2 likely hinders the 
immune system in defending against viruses 
such as HPV and increases the chance of AML 
development and progression.

One limitation of the miRNA database (TarBase) 
is that only experimentally targeted miRNAs 
were reported, so the study may not have fully 
captured all possible miRNAs. This may have 
limited our targeted gene set. Using the TCGA 
and ImmGen databases, we confirmed that the 
cell types that have a low expression of hsa-
miR-196a-5p, such as monocyte cells, express 
high levels of their target genes, IFIH1 and 
STAT3. Therefore, both genes are important in 
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the context of miRNA-mediated post-transcrip-
tional regulation.

Future work will be focused on developing a 
Machine Learning (ML) model to investigate the 
importance of multiple factors (e.g. age, race, 
etc.) and conduct comorbidity network analysis 
for the candidate genes/miRNAs. Our next plan 
is to characterize the genes’ interaction pat-
terns contributing to comorbidity and eluci- 
date cancer-causing mechanisms of candidate 
genes.
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