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Upregulated CXCL10 Gene Expression in SARS-CoV-2 Infected People
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ARTICLE INFO ABSTRACT

Keywords: Interferon and interferon-induced genes play a crucial role in early-

stage post-infection virus defense. C-X-C10, also known as interferon
SARS-CoV-2,

CXCL10, Gene
expression, Real-Time
PCR, COVID-19

vaccine.

gamma-induced protein 10 or small-inducible cytokine B10, is
encoded by the CXCL10 gene and is essential for T-helper cell
recruitment. The purpose of this study was to assess the gene
expression of CXCL10 in SARS-CoV-2-positive and -negative
individuals using qPCR. The results demonstrated a 35-fold increase
in CXCL10 expression in SARS-CoV-2-positive individuals vs to
negative samples. In conclusion, the elevated gene expression of
CXCL10 in SARS-CoV-2 patients is a signal for the immune system
to respond to the invading virus and may be taken into account in the

design of future vaccines.
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1. Introduction

Late in December 2019, Severe Acute Respiratory Syndrome (SARS-CoV-2) was discovered as

a new virus, emerged in Wuhan, China. SARS-CoV-2 infects both humans and vertebrates, such
as cattle, dogs, chicken, pigs, birds and cats. The respiratory, intestinal, and central nervous
systems in humans and other mammals are amenable to SARS-CoV-2.The genome sequence
analysis showed that COVID-19 belongs to B-coronavirus family similarity in its genome with
SARS-like bat coronaviruses suggests that SARS-CoV-2 might originate from bats [1-4]. CXCL10
or what is so called IP10 is an interferon inducible gene; it is an attractive protein to recruit T-
helper cells. It belongs to a group of chemokines that are classified according to their structure.
They play crucial function in recruiting of white blood cells to sites of inflammation [5]. CXCL10
is selective ligand for CXCR3, which is mainly expressed on T-lymphocytes, macrophages, natural
killer cells, dendritic cells and B cells. The CXCL10-CXCR3 axis has essential functions for the
immune system. It has been revealed that normally it controls immune cell development,
activation, and migration [6].CXCL-10 belongs to a group of genes that code for small peptides
that play a role in the immune response's proinflammatory and chemotactic activities [7-8]. On the
other hand, CXCL10 with CXCR3 play critical roles in selective cells, recruitment to inflamed
regions and in increase of inflammation and also tissue damage. One of the main functions of
CXCL10 is to promote the recruitment of CD8+ and Thl-type CD4+ effector T cells to infected
or inflamed tissues. Furthermore, CXCL10 stimulates the accumulation of CD4+ and CD8+ T
cells in infected tissues. Thus, over activity of the CXCL10-CXCR3 axis is associated with the
development of some diseases. The abnormal activity of the axis has been seen in autoimmune
disorders including rheumatoid arthritis or systemic lupus erythematosus as well as cancers e.g.,
skin or brain tumors [9-12]. So, the aim of the study was to assess the gene expression of CXCL10
in SARS-CoV-2 infected or uninfected people by quantitative real time PCR, RT-gPCR.

2. Experimental
2.1 Materials & Method

Total RNA samples were collected from 20 patients suspected of infection with COVID-19 at
the Public Health Laboratory in Basrah, Iraq. The age range of the patients was 21-55 years old,
whereas that of the non-COVID-19 infected individuals was 20-66 years old. The infected patients
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included 3 females and 7 males whereas the non-infected individuals consisted of were 5 females

and 5 males.
2.2 Gene Expression by Real-Time PCR
2.2.1 Isolation of Total RNA from Cell Lines

RNA was extracted using G-spin columns according to the manufacturer’s instructions AddBio,

Korea.
2.2.2 One- step protocol

RNA was converted to cDNA gPCR using Kits: Go Taqg® gPCR and RT-gPCR from (Promega:
72050) was used relying on reverse transcriptase enzymes.To prepare Real Time PCR reaction,
the kit components were added to the reaction mixture and completed to a final volume of 20 ul
according to gPCR Kits: Go Tag® qPCR and RT-qPCR from (Promega) instruction table and the

reaction was achieved at cycles of temperatures table. Kit number: 72050.
gPCR Primers

CXCL-10 gene specific primers were: forward: 5'-
CGCTGTACCTGCATCAGCAT-3', reverse: 5'-
GCAATGATCTCAACACGTGGAC-3' [13]. Data were analysed using fold

change analysis.
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Table 1. Components of Real Time PCR reaction

No. Materials Size

1 | Go Tag® qPCR Master Mix 170uL

2 | Go Script™ RT Mix for 1-Step RT-gPCR 6.8ulL

3 | Forward Primer for (STAT-1, CXCL-10, 17uL
IFNG, IFIT-2, IFIT-3, GAPDH)

4 | Reverse Primer for (STAT-1, CXCL-10, 17ul
IFNG, IFIT-2, IFIT-3, GAPDH)

5 | Template RNA SuL

6 | Nuclease-Free Water ouL

Table 2: Real Time -PCR program.

No. Steps Temperature Time No. of
°C Cycles
1 Reverse transcription 37 15 min. 1
2 Denaturation 1 94 10 min. 1
3 Denaturation 94 10 sec. 40
4 Annealing (all the primers) 60 30sec
5 Extension 1 72 30 sec.
6 Extension 2 72 1 min. 1

3. Results and discussion
CXCL10 relative gene expression in clinical samples

Due to its critical role in the maturation and differentiation of B cells and antibody production,
CXCL10 gene expression was also analyzed in SARS-CoV-2 infected or uninfected people
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patients (10 each group). Using qPCR, SYBR green and CXCL-10 specific primers CXCL10 gene
expression upregulated to 35 fold in SARS-COV-2 infected compared to the uninfected people
(Fig.1). Data were analyzed by AA CTs and normalized to (GAPDH) house-keeping gene.

CXCL10 Fold Change Analysis in SARS-CoV-2
Positive or Negative samples
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Figure 1: Fold change analysis of CXCL10 in SARS-C0V-2 infected or uninfected people.

Total RNA was reverse transcribed and the synthesized DNA was used as a template for gPCR
relative expression assay using SYBR green master mix. Data were analyzed by AA CTs and
normalized to (GAPDH). CXCL - 10 gene expressions was upregulated to 35 times in SARS-
CoV-2 infected or uninfected people. CXCL10/IP10 functions as biomarker and very well
correlated with the severity of COVID-19. CXCL10 functions in thrombosis and inhibiting the
endothelial repair. Severity of COVID-19 is correlated to the level of CXCL10 in the serum [14].
Chemokines play a key role in innate defense following viral infection, according to new
researches. In addition, CXCL10 induces natural killer (NK) cell migration post viral entry, and

works as chemotactic factor on T cells [15-18].
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In 2007, a study published by Law et al. showed that SARS coronavirus nsp-1 can stimulate the
expression of CXCL10 in NF-kB dependent manner in human cells (A549) [19]. CXCL10 and
CXC chemokine ligand 9 (CXCL9) expressions has been reported to contribute to antiviral
immune responses, In the absence of T and B cells [20]. Indeed, recent studies have shown that
CXCL10 plays a vital role in directing effector T-cell migration toward tumor development,
allowing established tumors to be regressed [21]. CXCL10 attracts activated NK cells as an innate

immune response to vaccinia virus infection [20].
4. Conclusions

In accordance with earlier results, the increase in the CXCL-10 gene led to an increase in immune
cell activity and viral destruction. In conclusion, our data shows that the CXCL10 increase might

be utilized or at least evaluated in the construction of SARS-CoV-2 vaccine candidates.
References

[1] H.A. Farid, H.J. Kadhum, Z.A. Yakob, A.R. Hashim, N.H. Hasrat, and A.A. Almayabhi,
"Coronosomia”: COVID-19 pandemic and associated sleep disorder among hospitalized
patients in Basrah city-southern of Iraq, Psychol Educ., 58 (2021) 4849-55

[2]R.S. Al-Mayyahi, W.A.G. Al-Tumah, Genetic Structure, Transmission, Clinical
Characteristics, Diagnosis, Treatment and Prevention of Coronavirus Disease 2019 (COVID-
19): A Review, Iragi J Pharm Sci, 930(2021)56—65,https://doi.org/10.31351/v0ol30iss1pp56-65.

[3] A. Abed, D. Abdulwahid, and H. Jassim, National Health Systems Response to COVID-19
Outbreak, Iraq an Example, Med. J. Basrah Univ., 39 (2021)1-6,
https://doi.org/10.33762/mjbu.2021.130218.1071.

[4] A.F. Kareem, and D.M. Bachi, Attitudes Towards COVID-19 Vaccines In Basrah University
Students, J Posit Psychol, 6 (2022), no. 8: 1239-1243,
https://doi.org/10.30574/wjarr.2022.14.2.0390.

[5] R.P. Bhusal, S.R. Foster, M.J. Stone, Structural basis of chemokine and receptor interactions:
Key regulators of leukocyte recruitment in inflammatory responses, Protein Sci, 29 (2020)420-
432, https://doi.org/10.1002/pro.3744.

This article is an open access article distributed under

the terms and conditions of the Creative Commons Attribution- 362
NonCommercial 4.0 International (CC BY-NC 4.0 license)
(http://creativecommons.org/licenses/by-nc/4.0/).



http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.31351/vol30iss1pp56-65
https://doi.org/10.33762/mjbu.2021.130218.1071

R S Hameed et al Bas ] Sci 40(2) (2022)357-365

[6] R. Tokunaga, W.U. Zhang, M. Naseem, A. Puccini, M. Berger, S. Soni, M. McSkane, H.
Baba, H. Lenz, CXCL9, CXCL10, CXCL11/CXCR3 axis for immune activation—a target
for novel cancer therapy, Cancer Treat. Rev., 63 (2018)40-47,
https://doi.org/10.1016/j.ctrv.2017.11.007.
[7] W. van Ewijk, T-cell differentiation is influenced by thymic microenvironments, Annu. Rev.
Immunol., 9 (1991)591-615, https://doi.org/10.1146/annurev.iy.09.040191.003111.

[8] M.D. Miller, M.S. Krangel, Biology and biochemistry of the chemokines: a family of

chemotactic and inflammatory cytokines, Crit. Rev. Immunol, 12 (1992)17-46.

[9] V. Peperzak, E.A. Veraar,, Y. Xiao, N. Babata, K. Thiadens, M. Brugmans, J. Borst, CD8+T
cells produce the chemokine CXCL10 in response to CD27/CD70 costimulation to promote
generation of the CD8+ effector T cell pool.J. Immunol, 191(2013)3025-3036,
https://doi.org/10.4049/jimmunol.1202222.

[10] C. Liu, D. Luo, B.A. Reynolds, G. Meher, A.R. Katritzky, B. Lu, C.J. Gerard, C.P. Bhadha,
J.K. Harrison, Chemokine receptor CXCR3 promotes growth of
glioma. Carcinogenesis, 32(2011)129-137, https://doi.org/10.1093/carcin/bgg224.

[11] E.Y. Lee, ZH. Lee, Y.W. Song, CXCL10 and autoimmune diseases, Autoimmun
Rev, 8(2009)379-383, https://doi.org/10.1016/j.autrev.2008.12.002.

[12] P. T. Kuo, Z. Zeng, N. Salim, S. Mattarollo, J. W. Wells, and G. R. Leggatt, The role of
CXCR3 and its chemokine ligands in skin disease and cancer, Front. Med., 5 (2018): 271,
https://doi.org/10.3389/fmed.2018.00271.

[13] N. Smith, M.P. Rodero, N. Bekaddour, V. Bondet, Y.B. Ruiz-Blanco, M. Harms, B. Mayer,
B. Bader-Meunier, P. Quartier, C. Bodemer, V. Baudouin, Control of TLR7-mediated type |
IFN signaling in pDCs through CXCR4 engagement—a new target for lupus treatment. Sci.
Adv, 5(2019)7,_https://doi.org/10.1126/sciadv.aav9019.

[14] A.S. Tripathy, S. Vishwakarma, D. Trimbake, Y.K. Gurav, V.A. Potdar, N.D. Mokashi, S.D.
Patsute, H. Kaushal, M.L. Choudhary, B.N. Tilekar, P. Sarje, Pro-inflammatory CXCL-10,
TNF-0, IL-1B, and IL-6: Biomarkers of SARS-CoV-2 infection, Arch.
Virol, 166(2021)3301-3310, https://doi.org/10.1007/s00705-021-05247-z.

[15] K. Kakimi, T.E. Lane, S. Wieland, V.C. Asensio, I.L CampbellF.V. Chisari , L.G. Guidotti,

Blocking chemokine responsive to y—2/Interferon (IFN)-y inducible protein and monokine

induced by IFN-y activity in vivo reduces the pathogenetic but not the antiviral potential of

This article is an open access article distributed under

the terms and conditions of the Creative Commons Attribution- 363
NonCommercial 4.0 International (CC BY-NC 4.0 license)
(http://creativecommons.org/licenses/by-nc/4.0/).



http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1146/annurev.iy.09.040191.003111
https://doi.org/10.1093/carcin/bgq224
https://doi.org/10.1016/j.autrev.2008.12.002
https://doi.org/10.1126/sciadv.aav9019

R S Hameed et al Bas ] Sci 40(2) (2022)357-365

Hepatitis B Virus—specific cytotoxic T lymphocytes, J. Exp. Med, 194(2001)1755-1766,
https://doi.org/10.1084/jem.194.12.1755.
[16] A.A. Maghazachi, B.S. Skalhegg, B. Rolstad, A. Al-Aoukaty, Interferon-inducible protein-

10 and lymphotactin induce the chemotaxis and mobilization of intracellular calcium in
natural Killer cells through pertussis toxin-sensitive and-insensitive heterotrimeric G-
proteins. The FASEB J, 11(1997)765-774 https://doi.org/10.1096/fasebj.11.10.9271361.

[17] M. Loetscher, B. Gerber, P. Loetscher, S.A. Jones, L. Piali, I. Clark-Lewis, M. Baggiolini,
B. Moser, Chemokine receptor specific for IP10 and mig: structure, function, and

expression in activated T-lymphocytes, J. Exp. Med, 184(1996)963-
969, _https://doi.org/10.1084/jem.184.3.963.

[18] K. Arai, Z.X. Liu, T. Lane and G.Dennert, IP-10 and Mig facilitate accumulation of T cells
in the virus-infected liver, Cell. Immunol., 219(2002)48-56, https://doi.org/10.1016/S0008-
8749(02)00584-1.

[19] A.H.Y. Law, D.C.W. Lee, B.K.W. Cheung, H.C. H. Yim, A.S.Y. Lau, Role for Nonstructural
Protein 1 of Severe Acute Respiratory Syndrome Coronavirus in Chemokine Dysregulation,
JVirol, 81(. 2007)416-422, https://doi.org/10.1128/jvi.02336-05.

[20] S. Mahalingam, J.M. Farber, G. Karupiah, The interferon-inducible chemokines MuMig and

Crg-2 exhibit antiviral activity in vivo. Journal of virology, 73(1999)1479-1491,
https://doi.org/10.1128/jvi.73.2.1479-1491.1999.
[21] B.M. Pdtzer, M. Hitt, W.J. Muller, P. Emtage, J. Gauldie, F.L. Graham, Interleukin 12 and

B7-1 costimulatory molecule expressed by an adenovirus vector act synergistically to
facilitate tumor regression. Proc. Natl. Acad. Sci. U. S. A, 94(1997)10889-10894,
https://doi.org/10.1073/pnas.94.20.10889.

This article is an open access article distributed under

the terms and conditions of the Creative Commons Attribution- 364
NonCommercial 4.0 International (CC BY-NC 4.0 license)
(http://creativecommons.org/licenses/by-nc/4.0/).



http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1084/jem.194.12.1755
https://doi.org/10.1016/S0008-8749(02)00584-1
https://doi.org/10.1016/S0008-8749(02)00584-1
https://doi.org/10.1128%2Fjvi.73.2.1479-1491.1999
https://doi.org/10.1073/pnas.94.20.10889

R S Hameed et al Bas ] Sci 40(2) (2022)357-365

SARS-COV-2 = ¢mbaall Galddy) 3 CXCL10 J akilall Al il

Olghe aa g aiy ) des allu 53
sl daala | aglall S Ll o gle and
it

Jiad dy Alal) e 5 Sl Ala el (8 Gl g il Baa (e Q8 Laga 1550 (50 YY) Ly (Al Clisal) cals
Lind A dauls 42 53 g8 5 CXCLL0 (s Adand o sl Jisall (pSsiall o Lala (g iYL Ganiaaall (i g al
Ol o Galiadd) (alaiY) 8 qPCR ddasl 5 CXCL10 - ) aamil) s ) Al 5l cdon 3ac Losall 4500 LDIAY)
lixa 35 ) Jia s (pibiaall SARS-COV-2 (o ya (o3 CXCL10 o 8 5 534 ) il < yelal, SARS-CoV-2
Jlead 4ui 58 SARS-COV-2 (o 3 (4 CXCL10 2 abaiiall sl juaatl) o)) 138 (e peitied dll) cilially 45 )lia

Aliieall Al ayensi vie oalaie) (Says (ugull Alaiud anall b delial

This article is an open access article distributed under

the terms and conditions of the Creative Commons Attribution- 365
NonCommercial 4.0 International (CC BY-NC 4.0 license)
(http://creativecommons.org/licenses/by-nc/4.0/).



http://creativecommons.org/licenses/by-nc/4.0/

