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The association between the COVID-19 severity and the HLA-C*04:01 allele is the most
replicated finding across Human Leukocyte Antigen (HLA) variants and diverse populations
including the Armenian. The results have led to several hypotheses on the HLA-C*04:01 allele
contribution to the causative mechanisms. Thus, to unravel the systems biology underlying this
genetic association, the present study aimed at identifying the HLA-C*04:01-related aberrations in
whole blood leukocyte transcriptome, which may blueprint the severe pathophysiology of COVID-19.

Thus, we have performed DESeq2 bioinformatics and Gene Set Enrichment Analysis of
RNA-sequencing data of a large publicly available cohort of 100 patients [Gene Expression
Omnibus: accession ID GSE157103]. HLA-genotypes were acquired from the imputed data by
Warren and Birol [Peer] 2021]. Using univariate models of blood leukocyte transcriptomes of
COVID-19 patients, we assessed differentially expressed genes (DEGs) between several clinical
and demographical groups. The highest number of DEGs (over 3000) was found when groups of
patients admitted and not admitted to the Intensive Care Units (ICU) have been compared. The
biological processes, such as the positive regulation of both NK-mediated cytotoxicity and
interferon-gamma production, as well as T cell activation. Relatively high numbers of DEGs were
found associated with age and some ethnic groups. Nevertheless, only 15 DEGs were found
between males and females. A comparison of HLA-C*04:01 carriers and non-carriers revealed only
3 DEGs, i.e. ANKS1B, PLA2G7, and DOCKG6 (Prpr <0.05), with the inability to underpin any
biological system. Moreover, in a multivariate model with five parameters (i.e. ICU status, HLA-
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C*04:01 carriage, age, sex, ethnicity) blood leukocyte transcriptomes did not exhibit pronounced
differences between carriers and non-carriers of the HLA-C*04:01 allele. Besides, we found that the
expression profile of HLA genes is associated with COVID-19 severity, age, and ethnicity but not
with HLA-C*04:01 carriage and sex. For the last attempt to identify transcriptome changes
associated with HLA-C*04:01 carriage, we used the GTEx portal to find QTLs linked to HLA-
C*04:01. Remarkably, >12 eQTLs and sQTLs were enriched for processes such as TAP-
independent antigen processing and presentation of endogenous peptide antigen via HLA class I,
protection from NK-mediated cytotoxicity, innate immune response to other organisms. However,
none of the GTEx HLA-C*04:01-linked blood leukocyte eQTLs (i.e. HCG27, NOTCH4, TCF19,
TRIM39, MIR6891 and XXbac-BPG181B23.7) was differentially expressed between HLA-C*04:01
carrier and non-carrier patients, indicating that transcriptome aberrations due to the COVID-19
could disrupt QTLs associations reported for human control samples. In line with the lack of
evidence related to Systems Biology, we found that due to high HLA-C expression, HLA-C*04:01
may disrupt HLA-C mediated immune protection harnessing NK cells and causing NK
hyporesponsiveness through KIR2DL1 inhibitory receptors.
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