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The new SARS-CoV-2 virus differs from the pandemic Influenza A virus H1N1 subtype (H1N1pmd09) how it induces a pro-inflammatory response in infected patients. This study aims to evaluate the involvement of SNPs and tissue expression of IL-17A and the neutrophils recruitment in post-mortem lung samples from patients who died of severe forms of COVID-19 comparing to those who died by H1N1pdm09. Twenty lung samples from patients SARS-CoV-2 infected (COVID-19 group) and 10 lung samples from adults who died from a severe respiratory H1N1pdm09 infection (H1N1 group) were tested. The tissue expression of IL-8/IL-17A was identified by immunohistochemistry, and hematoxylin and eosin (H&E) stain slides were used for neutrophil scoring. DNA was extracted from paraffin blocks, and genotyping was done in real time-PCR for two IL17A target polymorphisms. Tissue expression increasing of IL-8/IL-17A and a higher number of neutrophils were identified in samples from the H1N1 group compared to the COVID-19 group. The distribution of genotype frequencies in the IL17A gene was not statistically significant between groups. However, the G allele (GG and GA) of rs3819025 was correlated with higher tissue expression of IL-17A in the COVID-19 group. SARS-CoV-2 virus evokes an exacerbated response of the host’s immune system but differs from that observed in the H1N1pdm09 infection since the IL-8/IL-17A tissue expression, and lung neutrophilic recruitment may be decreased. In SNP rs3819025 (G/A), the G allele may be considered a risk allele in the patients who died for COVID-19.
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Introduction

At the end of 2019, a new strain of the respiratory coronavirus (SARS-CoV-2) emerged from China and has spread rapidly worldwide, causing a wave of infections and deaths (1).

With the rapid increase in the number and severity of COVID-19 cases, ICU professionals have continuously been challenged with the increasing number of patients requiring intensive care, overcrowded hospitals, and limited clinical staff capacity (2–4).

Patients with severe forms of SARS-CoV-2 infection may have acute respiratory distress syndrome (ARDS) with diffuse alveolar damage (DAD). The injury pattern of the infection seems to be a consequence of a complement system activation described as cytokine storm (5). This process is mediated by the angiotensin-converting enzyme 2 (ACE-2) in lung tissue (6, 7), but how this damage starts and compromises the lung tissue needs to be better investigated. Diffuse alveolar damage is associated with a host defense response regulated by a complex interaction of cytokines and inflammatory cells trigger by macrophages activation that can recruit circulating neutrophils, amplifying the response (8–12).

The pulmonary inflammatory reaction to infectious agents, in general, begins with a Th1/Th17 response, producing IL-17 and stimulating pro-inflammatory cytokines, such as IL-8, with consequence increasing vascular permeability allowing the intense neutrophilic infiltrates to give the first combat in viral infection (12).

Genetic variations may be associated with different host responses, and polymorphisms may help understand the host variability response. The single nucleotide polymorphisms (SNPs) can modify protein expression, impacting gene expression. Genotype-phenotype association studies could provide scientific evidence that some SNPs may have a relevant role in common diseases’ pathophysiology (9, 13). Some SNPs for IL17 are widely studied and associated with infectious pulmonary diseases, determining greater or lesser susceptibility to the disease’s development (14, 15).

This study investigates the involvement of SNPs and tissue expression of IL-17A and the neutrophils recruitment in post-mortem lung samples from patients who died of severe forms of COVID-19 comparing to those who died by H1N1pdm09. The results were also compared to post-mortem lung samples from control patients.



Materials and Methods


Ethical Approvals

The presented study was approved by the National Research Ethics Committee (Conselho Nacional de Ética em Pesquisa—CONEP), protocol number 3.944.734/2020, and 2.550.445/2018.

The authors confirm that all methods were carried out following relevant guidelines and regulations.

Families permitted the post-mortem biopsy of the cases of COVID-19, H1N1pdm09, and CONTROL groups; and signed the informed consent forms.

The sample collection followed all relevant ethics and safety protocols.

The data that support the findings of this study are available from the corresponding author upon reasonable request.



Samples

The COVID-19 group comprises post-mortem lung samples of patients whose cause of death was DAD caused by SARS-CoV-2 (n = 20). A minimally invasive lung post-mortem biopsy was performed through a left anterior mini-thoracotomy with upper left lobe lingular segment resection. The resected pieces were 3 × 3 cm. Testing for COVID-19 was performed on nasopharyngeal swabs taken during ICU hospitalization, and the performed Real-Time Polymerase Chain Reaction (RT-qPCR). The viral genome’s amplification was performed with the Invitrogen SuperScriptTMIII Platinum® One-Step qRT-PCR Kit (Catalog number: 11732020, Waltham, MA, USA). Clinical data of 20 cases were obtained from medical records during hospitalization in the ICU at Hospital Marcelino Champagnat in Curitiba-Brazil.

The H1N1 group comprises post-mortem lung samples (a similar technique to that described for the COVID-19 group) of patients whose cause of death was DAD caused by H1Npdm09 (n = 10) during the 2009 pandemic. The patients were tested through the fresh samples of lung post-mortem biopsies, and the performed qRT-PCR (a similar technique to that of the COVID-19 group) was positive for pandemic Influenza A virus H1N1 subtype. Clinical data of 10 cases were obtained from medical records during hospitalization in the ICU at Hospital de Clínicas in Curitiba-Brazil.

The CONTROL group (n = 11) was composed of post-mortem lung samples from patients who died of cardiovascular and neoplastic disease, not involving lung lesions.

Survival time was defined as the period between time from hospitalization to death.



Histological and Immunohistochemistry Analysis

The lung samples provided by post-mortem biopsy were formalin-fixed paraffin-embedded (FFPE) and stained with hematoxylin and eosin—H&E (Harris Hematoxylin: NewProv, Cod. PA203, Pinhais, BR; Eosin: BIOTEC Reagentes Analíticos, Cod. 4371, Pinhais, BR).

H&E slides high-resolution images were used to perform the neutrophil scoring in 30 HPF. The scoring was made in hot spot areas, only in the septum or alveolar lumen.

The immunohistochemistry technique was used to analyze IL-8 and IL-17A tissue expression. Anti-IL-17A (rabbit polyclonal antibody, Abcam, Cambridge, UK, Cat# ab91649, RRID: AB_10712684,1:200 dilution) and anti-IL-8 (rabbit polyclonal antibody, Abcam, Cambridge, UK, Cat# ab7747, RRID: AB_306040, 1:200 dilution) were used as the primary antibodies. The validation of the antibodies and the optimal dilution was performed according to the manufacturer’s instructions, using the recommended positive control, in these cases, human samples. The secondary polymer was Reveal Polyvalent HRP-DAB Detection System, Cat# SPD-125, Spring Bioscience, CA, USA. The result was confirmed by positive control’s positivity, a sample known to be positive for a specific antibody allocated together with the patient’s samples.

The immunostained slides were scanned (Axion Scan.Z1 Scanner, Zeiss AG, Oberkochen, Germany), and then ZEN Blue Edition (Zeiss, Germany) was used to randomly generate 10 high-power fields per case (HPF = 40× objective). The analysis was blind once the images were randomly generated by the software, with no investigator’s interference. The image analysis was performed (Image-Pro Plus 4 software). After that, a percentage of IL-8 and IL-17A tissue expression per HPF was obtained in each case.



Genetic Extraction and Amplification

The DNA was obtained from FFPE cuts of the samples using a commercially available paraffin DNA extraction kit (Qiagen®). Once measuring the extracted DNA concentration, these samples were diluted to a final concentration of 20 ng/μl, for working solution, and stored in a freezer at –20°C with restricted access and only allowed to researchers involved in the project or to the technical personnel for them authorized. The IL17A gene’s polymorphisms were chosen by criteria of functional relevance in articles published in qualified journals and confirmed in the SNPinfo NIH site (SNPinfo, 2020). Genotype determination was performed for the following IL17A polymorphisms: rs2275913 and rs3819025. The purified DNA was amplified by real-time PCR using fluorescent probes (Applied Biosystems 7500 Real-Time PCR System). Genotyping analysis was blind once the samples were anonymized.



Statistical Analysis

The comparison of two groups concerning quantitative variables was performed using the non-parametric Kruskal-Wallis test. Values of p < 0.05 indicated statistical significance. The nominal variables were expressed in number and frequency and analyzed by Pearson chi-square test and by Fisher exact test. The data were analyzed using the IBM SPSS Statistics v.20.0 software. Armonk, NY, USA: IBM Corp.




Results


Patients’ Baseline and Pathological Features

Clinical characteristics of the COVID-19 (n = 20), H1N1 (n = 10), and CONTROL groups are listed in Table 1.


Table 1 | Sociodemographic and clinicopathological characteristics in the study population.



The main histopathological features of COVID-19 and H1N1 groups are shown in Supplementary Figure 1.

The COVID-19 group presented proliferative DAD, with type 2 pneumocyte hyperplasia, numerous hyaline membranes, and poor neutrophil recruitment. We observed a variable number of small fibrinous thrombi in small and medium pulmonary arteries following by neutrophilic endotheliitis. Signs of secondary bacterial pneumonia were not observed (9)

The histopathological features of DAD caused by H1N1pdm09 are different than observed in COVID-19 cases. There are fewer hyaline membranes but higher septal and intra-alveolar neutrophils recruitment. There are no significant fibrinous thrombi and neutrophilic endotheliitis. Signs of bacterial coinfections were found in 80% of cases (blood and sputum culture), with the presence of Haemophilus influezae (60%), Streptococcus pneumoniae (10%), and Mycoplasma pneumoniae (10%) being reported in the samples (9).

Regarding the neutrophil score (Table 1), the H1N1 group presented statistically higher percentages than the COVID-19 group (p = 0.0011).



Immunohistochemical Results

The IL-8 and IL-17A tissue expression of the COVID-19 compared with the H1N1 group are shown in Supplementary Figure 1 and Table 1. IL-8 and IL-17A had significantly higher tissue expression in the H1N1 group than COVID-19 (p < 0.001, respectively).



Genotyping Results

Genotyping analyses of three genetic transmission modes (additive, dominant, and recessive) were performed to understand the biological plausibility better, and no statistical differences for these two polymorphisms were observed.

Table 2 shows the analysis between IL-17A tissue expression (immunohistochemistry results) with the genetic distribution in three models. The additive model shows the distribution of homozygous and heterozygous genotypes. Dominant shows the grouping homozygous plus heterozygous genotype for wild allele compared to the homozygous genotypes for the polymorphic allele. The recessive model is the reverse (see Supplementary Tables 1 and 2).


Table 2 | IL-17A tissue expression and IL17A polymorphisms in all three groups.



rs3819025: The G allele (GG and GA) shows a direct association with higher IL-17A tissue expression in the COVID-19 group than the homozygous A allele. Also, in the H1N1 group, the rs3819025, interestingly, presents shallow tissue expressions of IL-17A, regardless of the models studied.

rs2275913: The genotype GG could be associated with the higher IL-17A tissue expression than GA in the COVID-19 group. The G allele (GG and GA) appears to be associated with this higher IL-17A tissue expression in the H1N1 group. Also, the highest tissue expression for IL-17A was observed in this SNP for the H1N1 group.

Another interesting result is that the IL-17A tissue expression was slightly lower in rs2275913 than rs3819025 for the COVID-19 group and significantly higher in rs2275913 than rs3819025 for the H1N1 group. Finally, for the CONTROL group, the tissue expressions of IL-17A were lowest, regardless of the SNP.




Discussion

IL-8/IL-17A lung tissue expression and neutrophil score were analyzed to evaluate the Th17 response antiviral, neutrophil-mediated injury, and, consequently, DAD. In response to a viral infection, both IL-8 and IL-17 are secreted by macrophages and T lymphocytes to recruit mainly neutrophils (16). Other studies corroborated these data in patients infected with the H1N1pdm09, which showed increased serological levels of IL-17 (17, 18). H1N1 group features corroborate these findings, as an IL-8/IL-17A tissue expression and neutrophil score increasing were observed. Although neutrophils’ presence is vital to the defense process, their excessive activation can generate severe tissue damage. This pattern was not observed in the COVID-19 group, where IL-8/IL-17A tissue expression and neutrophil score were lower than the H1N1 group (p < 0.001 respectively), indicating that there may be a reduction of Th17 response during the evolution of COVID-19.

A recent study described that, although out of the expected viral lung infection patterns, patients with COVID-19 showed an increased Th2 response. The innate and Th1 responses, mediated by macrophages, neutrophils, and T lymphocytes, are more effective in controlling the viral infection, but this process may be inhibited by reasons that are still unclear SARS-CoV-2 infection (19). The innate and adaptive Th1 response modulation occurs due to viral proteins and the consequent activation of TCD8+ lymphocytes, which may be reduced in infection by SARS-CoV-2. Another current work, dedicated to SARS-CoV-2, reported the immune system’s possible evasion by this virus, explained by the increased incubation time, compared to influenza viruses (19–21).

Under normal conditions, after circulation for 6–12 h, neutrophils undergo apoptosis, but apoptosis is inhibited in the inflammatory state, and the presence of IL-8 can be responsible for this process (13). Disturbances in the innate response mechanism observed in recent studies of SARS-CoV-2 infection may explain the lower expression of IL-8, responsible, among others, for the chemoattraction and neutrophils survival decreased (22, 23).

Studies demonstrate that Influenza A variants can trigger a severe neutrophilic response that appears to correlate with the severity of lung injury and tragic outcomes. It has also been shown that IL-17 and neutrophils chemoattraction may be associated with non-infectious respiratory diseases’ pathogenesis by exacerbating the inflammatory response (24). In this study, the COVID-19 group showed IL-17A/IL-8 lower tissue expression and lower neutrophil score. This result may suggest that the pathogenesis of the SARS-CoV-2 inflammatory response differs from that observed in the H1N1pdm09 infection. One study described neutrophils with possible antiviral potential, and neutrophil depletion observed in SARS-CoV-2 may be associated with the virus immune evasion and viral persistence (25, 26).

Besides, we can also see that both IL-8/IL-17A tissue expression and the neutrophil score remain lower in almost all COVID-19 group patients regardless of time from hospitalization to death (11.5; 1–39), which is higher than the H1N1 group (1.5; 1–19); p = 0.002. These differences could explain the neutrophils depletion in this group since the longer-lasting diseases could induce virus immune evasion and burn out of immune response (24–27). Nineteen out of the 20 patients in the COVID-19 group have received mechanical ventilation, and all patients in the H1N1 group underwent this same intensive care procedure. We can also observe that the median time of mechanical ventilation in the COVID-19 group (9; 0–36) was higher than the H1N1 group (1.5; 1–19); p = 0.020. Furthermore, COVID-19, unlike H1N1pdm09 patients, underwent gentle mechanical ventilation to avoid the aggravation of the alveolar injury by barotrauma with a consequent increase of cytokines release. With these observations, we may assume that, in this study, perhaps the gentle mechanical ventilation may not aggravate the DAD in COVID-19. However, we must consider that data from post-mortem samples reflect only the time of death and fail to predict the disease’s evolution (28).

Authors have suggested that polymorphisms in IL17A play a critical role in certain types of cancer, and the rs3819025 has also been studied in different types of disease (29–35). This SNP (rs3819025) is a Single Nucleotide Variation (SNV), and the change is G/A in an intronic region located near exon one in the short arm of chromosome 6 (36). The allele G frequency is 94% in the 1,000 genome database for the European population (36). In our results, the GG genotype (for rs3819025) was present only in the COVID group, and this fact could indicate a risk association for this disease (compared to the H1N1 and CONTROL groups). Besides, the GG/GA genotypes of this SNP are associated with a higher tissue expression of IL-17A in the COVID-19 group. This same GG genotype has been associated with higher serum levels of IL-17A for graft versus host disease after allogeneic hematopoietic stem cell transplantation (37). Finally, in the H1N1 group, the tissue expression of IL-17A was very low for this same SNP.

The other SNP analyzed was an SNV 2KB Upstream Variant located in a promoter region (rs2275913 G/A). The allele G frequency is 65% in the 1,000 genome database for the European population (38). The allele G was presented with a higher frequency in all groups. For this polymorphism, the G allele could also be observed associated with the higher tissue expression of IL-17A in both COVID and H1N1 groups. A recent study showed that the G allele’s presence increases infection risk with the influenza A (H1N1) virus (39). Although the study’s focus was COVID-19, our results also indicated an association between rs2275913 and higher IL-17A tissue expression in the H1N1 group.

Despite not having statistical significance in all analyses, when analyzing from the point of view of biological plausibility, it would be reasonable to consider the G allele, both in rs3819025 for COVID-19 group, as in rs2275913 for H1N1 group, a risk allele (compared to the CONTROL group) associated with highest tissue expression of IL-17A.

Our study has some limitations, as the small sample and the autopsy data representing static information at the time of death, and we not reconstructing the disease evolution. We also compare the inflammation process caused by two different viruses, such H1N1pdm09 is an Influenza virus, and SARS-CoV-2 is a coronavirus (28). The authors recognize that to obtain a significant result in genetic association studies, large sample size is required, and, for this reason, the genetic implications are limited. However, the authors believe that this type of study, even with a small sample, could be used in the future to feed databases of systematic reviews and meta-analyzes that could have more power of analysis and thus confirm, or not, these findings.

Corroborating with other authors, and based on our results, SARS-CoV-2 appeared to promote injury by different mechanisms, evading an adaptive Th1 response and inducing a Th2 response, ineffective against viral agents (21, 40–44). In contrast, H1N1pmd09 demonstrated an intense innate response Th1/Th17, responsible for severe lung injury mediated by increased neutrophils recruitment. In both cases, the induction of an exacerbated immune response, either via Th1 or Th2, can worsen the clinical condition and poor outcome. Besides, IL17A genotyping demonstrated that the G allele of rs3819025 (G/A) might be considered a risk allele in COVID-19 patients and associated with the highest IL-17A tissue expression. This main genetic result should be interpreted with caution, and further studies with a larger sample size may, or not, confirm our findings. However, the findings that involve the presence of risk-associated alleles, for example, could in the future identify individuals more susceptible to the worst outcome when infected with SARS-CoV-2. Finally, our findings could help search for new therapies targeted at decreasing viral replication or blocking inflammatory response.
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Supplementary Figure 1 | Lung sample H&E stained (COVID-19 patient) showing alveolar spaces (black circle) with numerous hyaline membranes (black asterisk) and scarce neutrophilic exudation in the alveolar septa (black arrow). The H1N1pmd09 lung sample shows scarce hyaline membranes (black asterisk) in the alveolar spaces (black circle) and numerous neutrophils in the alveolar septa (black arrow). Lung samples of both groups (COVID-19 and H1N1) showing septal lymphocytes expressing IL-8 and IL-17A (black arrow), scarce in the COVID-19 lung sample and numerous in the H1N1pdm09. In H1N1pdm09 samples is observed numerous lymphocytes expressing IL-17A intermixed with numerous neutrophils and macrophages.

Supplementary Figure 2 | Graphical abstract showing the neutrophil recruitment triggered by IL-8/IL-17A.



References

1.Weekly operational update on COVID-19 - 19 January 2021. Who.int (2021). Available at: https://www.who.int/publications/m/item/weekly-operational-update-on-covid-19—19-january-2021.


2. Motta Junior, J, Miggiolaro, A, Nagashima, S, de Paula, C, Baena, C, Scharfstein, J, et al. Mast Cells in Alveolar Septa of COVID-19 Patients: A Pathogenic Pathway That May Link Interstitial Edema to Immunothrombosis. Front Immunol (2020) 11:2369. doi: 10.3389/fimmu.2020.574862

3. Wang, M, Cao, R, Zhang, L, Yang, X, Liu, J, Xu, M, et al. Remdesivir and chloroquine effectively inhibit the recently emerged novel coronavirus (2019-nCoV) in vitro. Cell Res (2020) 30(3):269–71. doi: 10.1038/s41422-020-0282-0

4. Gautret, P, Lagier, J-C, Parola, P, Hoang, VT, Meddeb, L, Mailhe, M, et al. Hydroxychloroquine and azithromycin as a treatment of COVID-19: results of an open-label non-randomized clinical trial. Int J Antimicrobial Agents (2020) 56(1):105949. doi: 10.1016/j.ijantimicag.2020.105949

5. Mehta, P, Mcauley, DF, Brown, M, Sanchez, E, Tattersall, RS, and Manson, JJ. COVID-19: consider cytokine storm syndromes and immunosuppression. Lancet (2020) 395(10229):1033–4. doi: 10.1016/S0140-6736(20)30628-0

6. Mcgonagle, D, Sharif, K, O’regan, A, and Bridgewood, C. The Role of Cytokines including Interleukin-6 in COVID-19 induced Pneumonia and Macrophage Activation Syndrome-Like Disease. Autoimmun Rev (2020) 19(6):102537. doi: 10.1016/j.autrev.2020.102537

7. Li, W, Moore, MJ, Vasilieva, N, Sui, J, Wong, SK, Berne, MA, et al. Angiotensin-converting enzyme 2 is a functional receptor for the SARS coronavirus. Nature (2003) 426(6965):450–4. doi: 10.1038/nature02145

8. Nagashima, S, Mendes, MC, Martins, APC, Borges, NH, Godoy, TM, Miggiolaro, AFRDS, et al. Endothelial Dysfunction and Thrombosis in Patients With COVID-19—Brief Report. Arteriosclerosis Thrombosis Vasc Biol (2020) 40(10):2404–7. doi: 10.1161/ATVBAHA.120.314860

9. Malaquias MAS,, Gadotti, AC, Motta-Junior, JDS, Martins, APC, Azevedo, MLV, Benevides, APK, et al. The role of the lectin pathway of the complement system in SARS-CoV-2 lung injury. Trans Res (2020) S1931-5255(20):30259-0. doi: 10.1016/j.trsl.2020.11.008

10. Meduri, GU. Host Defense Response and Outcome in ARDS. Chest (1997) 112(5):1154–8. doi: 10.1378/chest.112.5.1154

11. Paula, CBVD, Azevedo, MLVD, Nagashima, S, Martins, APC, Malaquias, MAS, Miggiolaro, AFRDS, et al. IL-4/IL-13 remodeling pathway of COVID-19 lung injury. Sci Rep (2020) 10(1):18689–9. doi: 10.1038/s41598-020-75659-5

12. Chatzopoulou, F, Gioula, G, Kioumis, I, Chatzidimitriou, D, and Exindari, M. Identification of complement-related host genetic risk factors associated with influenza A(H1N1)pdm09 outcome: challenges ahead. Med Microbiol Immunol (2018) 208(5):631–40. doi: 10.1007/s00430-018-0567-9

13. Lander, ES. Initial impact of the sequencing of the human genome. Nature (2011) 470(7333):187–97. doi: 10.1038/nature09792

14. Zhao, J, Wen, C, and Li, M. Association Analysis of Interleukin-17 Gene Polymorphisms with the Risk Susceptibility to Tuberculosis. Lung (2016) 194(3):459–67. doi: 10.1007/s00408-016-9860-9

15. Yu, Z-G, Wang, B-Z, Li, J, Ding, Z-L, and Wang, K. Association between interleukin-17 genetic polymorphisms and tuberculosis susceptibility: an updated meta-analysis. Int J Tuberculosis Lung Disease (2017) 21(12):1307–13. doi: 10.5588/ijtld.17.0345

16. Kobayashi, Y. The role of chemokines in neutrophil biology. Front Biosci (2008) 13(13):2400. doi: 10.2741/2853

17. Song, X, He, X, Li, X, and Qian, Y. The roles and functional mechanisms of interleukin-17 family cytokines in mucosal immunity. Cell Mol Immunol (2016) 13(4):418–31. doi: 10.1038/cmi.2015.105

18. Vidy, A, Maisonnasse, P, Costa, BD, Delmas, B, Chevalier, C, and Goffic, RL. The Influenza Virus Protein PB1-F2 Increases Viral Pathogenesis through Neutrophil Recruitment and NK Cells Inhibition. PloS One (2016) 11(10):e0165361. doi: 10.1371/journal.pone.0165361

19. Roncati, L, Nasillo, V, Lusenti, B, and Riva, G. Signals of Th2 immune response from COVID-19 patients requiring intensive care. Ann Hematol (2020) 99(6):1419–20. doi: 10.1007/s00277-020-04066-7

20. Liu, Y, Yang, Y, Zhang, C, Huang, F, Wang, F, Yuan, J, et al. Clinical and biochemical indexes from 2019-nCoV infected patients linked to viral loads and lung injury. Sci China Life Sci (2020) 63(3):364–74. doi: 10.1007/s11427-020-1643-8

21. Prompetchara, E, Ketloy, C, and Palaga, T. Immune responses in COVID-19 and potential vaccines: Lessons learned from SARS and MERS epidemic. Asian Pac J Allergy Immunol (2020) 38(1):1–9. doi: 10.12932/AP-200220-0772

22. Hannoodee, S. Acute Inflammatory Response. U.S. National Library of Medicine: StatPearls (2020). Available at: https://www.ncbi.nlm.nih.gov/books/NBK556083/#!po=83.3333.


23. Azkur, AK, Akdis, M, Azkur, D, Sokolowska, M, Veen, W, Brüggen, MC, et al. Immune response to SARS-CoV-2 and mechanisms of immunopathological changes in COVID-19. Allergy (2020) 75(7):1564–81. doi: 10.1111/all.14364

24. Kramer, JM, Yi, L, Shen, F, Maitra, A, Jiao, X, Jin, T, et al. Cutting Edge: Evidence for Ligand-Independent Multimerization of the IL-17 Receptor. J Immunol (2006) 176(2):711–5. doi: 10.4049/jimmunol.176.2.711

25. Naumenko, V, Turk, M, Jenne, CN, and Kim, S-J. Neutrophils in viral infection. Cell Tissue Res (2018) 371(3):505–16. doi: 10.1007/s00441-017-2763-0

26. Kikkert, M. Innate Immune Evasion by Human Respiratory RNA Viruses. J Innate Immunity (2019) 12(1):4–20. doi: 10.1159/000503030

27. Wong, CK, Cao, J, Yin, YB, and Lam, CWK. Interleukin-17A activation on bronchial epithelium and basophils: a novel inflammatory mechanism. Eur Respir J (2009) 35(4):883–93. doi: 10.1183/09031936.00088309

28. Ackermann, M, Verleden, SE, Kuehnel, M, Haverich, A, Welte, T, Laenger, F, et al. Pulmonary Vascular Endothelialitis, Thrombosis, and Angiogenesis in Covid-19. New Engl J Med (2020) 383(2):120–8. doi: 10.1056/NEJMoa2015432

29. Rafiei, A. Polymorphism in the interleukin-17A promoter contributes to gastric cancer. World J Gastroenterol (2013) 19(34):5693. doi: 10.3748/wjg.v19.i34.5693

30. Shibata, T, Tahara, T, Hirata, I, and Arisawa, T. Genetic polymorphism of interleukin-17A and -17F genes in gastric carcinogenesis. Hum Immunol (2009) 70(7):547–51. doi: 10.1016/j.humimm.2009.04.030

31. Tahara, T, Shibata, T, Nakamura, M, Yamashita, H, Yoshioka, D, Okubo, M, et al. Association between IL-17A, 217 F and MIF polymorphisms predispose to CpG island hyper-methylation in gastric cancer. Int J Mol Med (2010) 25:471–7. doi: 10.3892/ijmm_00000367

32. Lan, C, Huang, X, Lin, S, Huang, H, Cai, Q, Lu, J, et al. High density of IL-17-producing cells is associated with improved prognosis for advanced epithelial ovarian cancer. Cell Tissue Res (2013) 352(2):351–9. doi: 10.1007/s00441-013-1567-0

33. Wu, X, Zeng, Z, Chen, B, Yu, J, Xue, L, Hao, Y, et al. Association between polymorphisms in interleukin-17A and interleukin-17F genes and risks of gastric cancer. Int J Cancer (2009) 127(1):86–92. doi: 10.1002/ijc.25027

34. Omrane, I, Marrakchi, R, Baroudi, O, Mezlini, A, Ayari, H, Medimegh, I, et al. Significant association between interleukin-17A polymorphism and colorectal cancer. Tumor Biol (2014) 35(7):6627–32. doi: 10.1007/s13277-014-1890-4

35. Wang, L, Jiang, Y, Zhang, Y, Wang, Y, Huang, S, Wang, Z, et al. Association Analysis of IL-17A and IL-17F Polymorphisms in Chinese Han Women with Breast Cancer. PloS One (2012) 7(3):e34400. doi: 10.1371/journal.pone.0034400

36.National Library of Medicine. rs3819025 RefSNP Report - dbSNP - NCBI. U.S. National Library of Medicine: National Center for Biotechnology Information. Available at: https://www.ncbi.nlm.nih.gov/snp/rs3819025.


37. Karimi, MH, Salek, S, Yaghobi, R, Ramzi, M, Geramizadeh, B, and Hejr, S. Association of IL-17 gene polymorphisms and serum level with graft versus host disease after allogeneic hematopoietic stem cell transplantation. Cytokine (2014) 69(1):120–4. doi: 10.1016/j.cyto.2014.05.011

38. National Library of Medicine. SNPinfo rs2275913 – NCBI. U.S. National Library of Medicine: National Center for Biotechnology Information. Available at: https://www.ncbi.nlm.nih.gov/snp/rs2275913.


39. Keshavarz, M, Namdari, H, Farahmand, M, Mehrbod, P, Mokhtari-Azad, T, and Rezaei, F. Association of polymorphisms in inflammatory cytokines encoding genes with severe cases of influenza A/H1N1 and B in an Iranian population. Virol J (2019) 16(1):79–9. doi: 10.1186/s12985-019-1187-8

40. Vaz de Paula, CB, de Azevedo, MLV, Nagashima, S, Martins, APC, Malaquias, MAS, Miggiolaro, AFRDS, et al. IL-4/IL-13 remodeling pathway of COVID-19 lung injury. Sci Rep (2020) 10(1):18689. doi: 10.1038/s41598-020-75659-5

41. Patruno, C, Stingeni, L, Fabbrocini, G, Hansel, K, and Napolitano, M. Dupilumab and COVID-19: What should we expect? Dermatol Ther (2020) 33(4):e13502. doi: 10.1111/dth.13502

42. Akbari, H, Tabrizi, R, Lankarani, KB, Aria, H, Vakili, S, Asadian, F, et al. The role of cytokine profile and lymphocyte subsets in the severity of coronavirus disease 2019 (COVID-19): A systematic review and meta-analysis. Life Sci (2020) 258:118167. doi: 10.1016/j.lfs.2020.118167

43. Lin, L, Luo, S, Qin, R, Yang, M, Wang, X, Yang, Q, et al. Long-term infection of SARS-CoV-2 changed the body’s immune status. Clin Immunol (2020) 218:108524. doi: 10.1016/j.clim.2020.108524

44. Baden, LR, and Rubin, EJ. Covid-19 — The Search for Effective Therapy. New Engl J Med (2020) 382(19):1851–2. doi: 10.1056/NEJMe2005477



Conflict of Interest: The authors declare the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Azevedo, Zanchettin, Vaz de Paula, Motta Júnior, Malaquias, Raboni, Neto, Zeni, Prokopenko, Borges, Godoy, Benevides, de Souza, Baena, Machado-Souza and de Noronha. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/logo.jpg
’ frontiers
in Immunology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Lung Neutrophilic Recruitment and IL-8/IL-17A Tissue Expression in COVID-19

      

        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Ethical Approvals

          



          		

            Samples

          



          		

            Histological and Immunohistochemistry Analysis

          



          		

            Genetic Extraction and Amplification

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Patients’ Baseline and Pathological Features

          



          		

            Immunohistochemical Results

          



          		

            Genotyping Results

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu.2021.656350_cover.jpg
, frontiers
in Immunology

Lung Neutrophilic Recruitment
and IL-8/IL-17A Tissue Expression
in COVID-19





OEBPS/Images/table1.jpg
Variables COVID-19(n=20) HINT(n=10) CONTROL(n=11) prvalue.
GOVID-19 s HIN1 GOVID-19 vs CONTROL

Age 7072180 4852139 232143 <0001° <0001
Gender! Nalo 13(650) 8600 8027) 0308 0660
Fomalo 7659 2(00) 3@r3)

Exprossion of IL-8% 089(0.11-381)  413072-919  000(000-000) <0001 <0001
Exprossion of IL-17A% 265000991 073(4.34-1549 000 (000-000) <000t <0001
Neutrophil score® 25013269 167(114258  32(18-105) <0001 0231
Mechanical ventiation (days)* 9036 15(1-19) - 0020 -

Timo from hospitalization o death or survival 11.5(1-39) 15(1-19) 40(140) o000z o000

time (days)*
iy 5 S O MDA AN e Rao Aty St asad s It oS O SO Bt N





OEBPS/Images/table2.jpg
Reference SNP*  IL17A Genotypes/IL-17A
and variation Tissue expression

[IB1025 A Additve model GG

ca
n

Dominant  GG+GA

model "

Rocossive  ARYGA

model a6
R2TSOISGA  Additve model GG
ca
"

Dominant  GG+GA
model "

Recossive  ARSGA
mod a6

voBowz so~o

COVID-19 (n = 20)"

Tissuo.
oxprssion

292854
53201099
080082
32(1099)

080062)
330099
292854

290082
1300-99)
NA
1300-99)
NA
130099
290082

NA
0100-12)
0100-12)
0100-12)

0100-12)
000002
NA

8943110
133(63-15.4)
000(00-00)
105(43-154)
000000
119(3-15.4)
8943110

st

0000

osa2

oss®

oza

o708

GONTROL (n = 11)"%

Tissuo.
expression

NA
0000-12)
000000
0000-12)

0000-12)
000002
NA

000000
000000
NA
000000
NA
000000
000000

valug?

oaror

oaag

osa

o509

07000

SV iontor base on NCBI GbSNP; ¥ IL17A Gonolypes woro expressed by rumber; hcian (Meium-Masmu) of 1174 55540 axressin. N not appicae; Logic
eonsabr’. Pearson’s chi-scue®. or Fisher’s eacs® for "COVMD-19 ve. HINT and "0OMD 19 ve. CONTROL





