

[image: image]





Frontiers eBook Copyright Statement

The copyright in the text of individual articles in this eBook is the property of their respective authors or their respective institutions or funders. The copyright in graphics and images within each article may be subject to copyright of other parties. In both cases this is subject to a license granted to Frontiers.

The compilation of articles constituting this eBook is the property of Frontiers.

Each article within this eBook, and the eBook itself, are published under the most recent version of the Creative Commons CC-BY licence. The version current at the date of publication of this eBook is CC-BY 4.0. If the CC-BY licence is updated, the licence granted by Frontiers is automatically updated to the new version.

When exercising any right under the CC-BY licence, Frontiers must be attributed as the original publisher of the article or eBook, as applicable.

Authors have the responsibility of ensuring that any graphics or other materials which are the property of others may be included in the CC-BY licence, but this should be checked before relying on the CC-BY licence to reproduce those materials. Any copyright notices relating to those materials must be complied with.

Copyright and source acknowledgement notices may not be removed and must be displayed in any copy, derivative work or partial copy which includes the elements in question.

All copyright, and all rights therein, are protected by national and international copyright laws. The above represents a summary only. For further information please read Frontiers’ Conditions for Website Use and Copyright Statement, and the applicable CC-BY licence.



ISSN 1664-8714
ISBN 978-2-88974-419-0
DOI 10.3389/978-2-88974-419-0

About Frontiers

Frontiers is more than just an open-access publisher of scholarly articles: it is a pioneering approach to the world of academia, radically improving the way scholarly research is managed. The grand vision of Frontiers is a world where all people have an equal opportunity to seek, share and generate knowledge. Frontiers provides immediate and permanent online open access to all its publications, but this alone is not enough to realize our grand goals.

Frontiers Journal Series

The Frontiers Journal Series is a multi-tier and interdisciplinary set of open-access, online journals, promising a paradigm shift from the current review, selection and dissemination processes in academic publishing. All Frontiers journals are driven by researchers for researchers; therefore, they constitute a service to the scholarly community. At the same time, the Frontiers Journal Series operates on a revolutionary invention, the tiered publishing system, initially addressing specific communities of scholars, and gradually climbing up to broader public understanding, thus serving the interests of the lay society, too.

Dedication to Quality

Each Frontiers article is a landmark of the highest quality, thanks to genuinely collaborative interactions between authors and review editors, who include some of the world’s best academicians. Research must be certified by peers before entering a stream of knowledge that may eventually reach the public - and shape society; therefore, Frontiers only applies the most rigorous and unbiased reviews. 

Frontiers revolutionizes research publishing by freely delivering the most outstanding research, evaluated with no bias from both the academic and social point of view.

By applying the most advanced information technologies, Frontiers is catapulting scholarly publishing into a new generation.

What are Frontiers Research Topics?

Frontiers Research Topics are very popular trademarks of the Frontiers Journals Series: they are collections of at least ten articles, all centered on a particular subject. With their unique mix of varied contributions from Original Research to Review Articles, Frontiers Research Topics unify the most influential researchers, the latest key findings and historical advances in a hot research area! Find out more on how to host your own Frontiers Research Topic or contribute to one as an author by contacting the Frontiers Editorial Office: frontiersin.org/about/contact





IMMUNE-RELATED NON-COMMUNICABLE DISEASES IN AFRICA

Topic Editors: 

Mohamed-Ridha Barbouche, Pasteur Institute of Tunis, Tunisia

Brian Stephen Eley, University of Cape Town, South Africa

Citation: Barbouche, M.-R., Eley, B. S., eds. (2022). Immune-Related Non-Communicable Diseases in Africa. Lausanne: Frontiers Media SA. doi: 10.3389/978-2-88974-419-0





Table of Contents




Editorial: Immune-Related Non-Communicable Diseases in Africa

Mohamed-Ridha Barbouche and Brian Stephen Eley

Diagnostic and Predictive Contribution of Autoantibodies Screening in a Large Series of Patients With Primary Immunodeficiencies

Azzeddine Tahiat, Abdelghani Yagoubi, Mohamed Samir Ladj, Reda Belbouab, Samira Aggoune, Laziz Atek, Djamila Bouziane, Souhila Melzi, Chahinez Boubidi, Warda Drali, Chafa Bendahmane, Hamza Iguerguesdaoune, Sihem Taguemount, Asma Soufane, Asma Oukil, Abdalbasset Ketfi, Hassen Messaoudi, Nadia Boukhenfouf, Mohamed Amine Ifri, Tahar Bencharif Madani, Hayet Belhadj, Keltoum Nafissa Benhala, Mokhtar Khiari, Nacera Cherif, Leila Smati, Zakia Arada, Zoulikha Zeroual, Zair Bouzerar, Ouardia Ibsaine, Hachemi Maouche, Rachida Boukari and Kamel Djenouhat

Clinical Utility of Whole Exome Sequencing and Targeted Panels for the Identification of Inborn Errors of Immunity in a Resource-Constrained Setting

Clair Engelbrecht, Michael Urban, Mardelle Schoeman, Brandon Paarwater, Ansia van Coller, Deepthi Raju Abraham, Helena Cornelissen, Richard Glashoff, Monika Esser, Marlo Möller, Craig Kinnear and Brigitte Glanzmann

SFRP5 Enhances Wnt5a Induced-Inflammation in Rheumatoid Arthritis Fibroblast-Like Synoviocytes

Dorra Elhaj Mahmoud, Wajih Kaabachi, Nadia Sassi, Amel Mokhtar, Myriam Moalla, Lobna Ben Ammar, Samia Jemmali, Sonia Rekik, Lamjed Tarhouni, Maryam Kallel-Sellami, Elhem Cheour and Lilia Laadhar

Case Report: Allergic Bronchopulmonary Aspergillosis Revealing Asthma

Houda Snen, Aicha Kallel, Hana Blibech, Sana Jemel, Nozha Ben Salah, Sonia Marouen, Nadia Mehiri, Slah Belhaj, Bechir Louzir and Kalthoum Kallel

Case Report: Interleukin-2 Receptor Common Gamma Chain Defect Presented as a Hyper-IgE Syndrome

Brahim Belaid, Lydia Lamara Mahammed, Aida Mohand Oussaid, Melanie Migaud, Yasmine Khadri, Jean Laurent Casanova, Anne Puel, Nafissa Ben Halla and Reda Djidjik

Immune Checkpoint Inhibitors in Human Glioma Microenvironment

Amina Ghouzlani, Sarah Kandoussi, Mariam Tall, Konala Priyanka Reddy, Soumaya Rafii and Abdallah Badou

Clinical Features of HIV Arthropathy in Children: A Case Series and Literature Review

Michael J. Harrison, Nicola Brice and Christiaan Scott

Case Report: FOXP3 Mutation in a Patient Presenting With ALPS

Afef Rais, Najla Mekki, Faten Fedhila, Mohammed Faraj Alosaimi, Monia Ben Khaled, Amal Zameli, Nourhen Agrebi, Maryam Kallel Sellami, Raif Geha, Imen Ben-Mustapha and Mohamed-Ridha Barbouche

Prognostic Gene Expression Signature in Patients With Distinct Glioma Grades

Saadia Ait Ssi, Dounia Chraa, Khadija El Azhary, Souha Sahraoui, Daniel Olive and Abdallah Badou

Systemic Sclerosis in Zimbabwe: Autoantibody Biomarkers, Clinical, and Laboratory Correlates

Elopy N. Sibanda, Yvonne Dube, Mazvita Chakawa, Takafira Mduluza and Francisca Mutapi





EDITORIAL

published: 11 January 2022

doi: 10.3389/fimmu.2021.816257

[image: image2]


Editorial: Immune-Related Non-Communicable Diseases in Africa


Mohamed-Ridha Barbouche 1,2* and Brian Stephen Eley 3,4


1 Department of Immunolgy, Pasteur Institute of Tunis, Tunis, Tunisia, 2 Tunis El Manar University, Tunis, Tunisia, 3 Paediatric Infectious Diseases Unit, Red Cross War Memorial Children’s Hospital, Capetown, South Africa, 4 Department of Paediatrics and Child Health, University of Cape Town, Capetown, South Africa




Edited and reviewed by: 

Fabio Candotti, Centre Hospitalier Universitaire Vaudois (CHUV), Switzerland

*Correspondence: 

Mohamed-Ridha Barbouche
 ridha.barbouche@laposte.net

Specialty section: 
 This article was submitted to Primary Immunodeficiencies, a section of the journal Frontiers in Immunology


Received: 16 November 2021

Accepted: 22 December 2021

Published: 11 January 2022

Citation:
Barbouche M-R and Eley BS (2022) Editorial: Immune-Related Non-Communicable Diseases in Africa. Front. Immunol. 12:816257. doi: 10.3389/fimmu.2021.816257



Keywords: immune-related, non-communicable, diseases, Africa, research


Editorial on the Research Topic 


Immune-Related Non-Communicable Diseases in Africa


The African continent has a long-standing tradition of research in communicable diseases. Indeed, several national, regional, and international agencies are investing in understanding the pathogenesis of and immunity to infection, particularly those diseases which are endemic to the continent and responsible for substantial morbidity and mortality, notably HIV/AIDS, tuberculosis, and malaria. More recently, interesting efforts have been made to encourage and support research in the field of neglected tropical diseases. In contrast, with few exceptions African immunologists are less involved in researching other immune-mediated diseases such as allergy, cancer, autoimmunity, inborn errors of immunity (IEI), and auto-inflammation despite an expansion of the burden of these diseases on the African continent, commensurate with the epidemiological transition from infectious diseases to chronic, non-communicable diseases. Public health authorities are reporting a surge of non-communicable diseases. Their particularities in African populations are interesting challenges worthy of investigation.

To dissect the immunological mechanisms underlying several of these immune-mediated non-communicable diseases and highlight their specificities in Africa were the aims of this Research Topic. The frontiers between communicable and non-communicable diseases also require exploration, such as host genetic susceptibility to infection, and the interplay between allergy and parasitic infection.

Ten articles were included in this Research Topic and classified into the following categories: six original and not original research manuscripts (Elhaj Mahmoud et al., Tahiat et al., Engelbrecht et al., Harrison et al., Sibanda et al., Ait Ssi et al.);  three case reports (Rais et al., Snen et al., Belaid et al.) and one review (Ghouzlani et al.).

Three original research papers explored immune mechanisms underlying autoimmune and rheumatological conditions. Sibanda et al. investigated systemic sclerosis in Zimbabwe, an autoimmune disease that is rarely reported in Africa. In a large cohort of 240 patients, they showed that specific autoantibodies are biomarkers of the condition and can precede overt disease. Autoantibodies also determine disease phenotypes and vary between racial groups. Elhaj Mahmoud et al. studied the pro-inflammatory activity of Wnt5a in rheumatoid arthritis tissue-derived fibroblast-like synoviocytes. They showed that this activity is enhanced in vitro in the presence of SFRP5 through mechanisms involving the inhibition of TCF4 and LRP5 expression. These findings may contribute to the identification of potential therapeutic targets. In another contribution, Harrison et al. described features of the arthropathy rarely observed in children with advanced HIV infection, which may be linked to immune suppression where multiple immune aberrations contribute to loss of self-tolerance.

Molecular aspects of IEI were addressed in two original studies and two case reports. Tahiat et al. completed the first systematic evaluation of autoimmunity and autoantibody profiles in Algerian patients with IEIs. Of approximately 300 IEI patients screened for 54 different autoantibodies, 32% had detectable autoantibodies, a significantly higher prevalence than the healthy control group. Predictably, the prevalence of autoantibodies was highest among those patients with diseases of immune dysregulation. An interesting benefit of systematic screening was the identification of several asymptomatic patients with transglutaminase IgA antibodies who on further investigation were shown to have early celiac disease. In Africa, next generation sequencing technologies are not widely available for evaluating patients with suspected IEI. The study of Engelbrecht et al. demonstrated the utility of whole exome sequencing and/or targeted gene panels in 80 patients with suspected IEI. Although molecular diagnoses of IEI were confirmed in 31%, the impact of molecular testing was far greater, influencing the management of two-thirds of the patients. The introduction of routine molecular diagnostic testing is an important priority for African countries. This will improve patient care as shown in this study, increase our understanding of epidemiology of IEI in Africa particularly in many countries with limited or no access to routine immunological diagnostics, and enhance the continent’s capacity to contribute to elucidating the molecular pathogenesis of IEI. Novel case reports by Rais et al. and Belaid et al. reveal phenotypic commonality between IPEX and ALPS and expands the spectrum of hyper-IgE syndrome to include selective interleukin-2 receptor common gamma chain defects, respectively.

Immunity to cancer in the African context is addressed in one original research paper and one review, both focusing on the immunological microenvironment of glioma, a common primary brain neoplasm. Ait Ssi et al. analysed the tumour microenvironment using transcriptomic data from patients with glioma. Unsupervised, hierarchical clustering after enrichment analysis enabled the identification of two patient groups, one characterized by immune cells with anti-tumour immune potential and the other enriched by immunosuppressive immune cells. The timely review by Ghouzlani et al. complemented the findings of the Ait-Ssi study and described immune checkpoints and checkpoint inhibitors used by glioma cells to regulate the immune response and evade immune destruction. While these molecules are potential immunotherapeutic targets, a major consideration is the development of immunotherapies that will cross the blood brain barrier in concentrations capable of blocking immune checkpoint inhibitors used by glioma cells to escape the immune response.

Finally, the paper by Snen et al. described the treatment of a complicated case of allergic bronchopulmonary aspergillosis (ABPA) in a patient with underlying asthma. This report draws attention to the difficulty of diagnosing ABPA and the importance of early diagnosis and effective treatment to circumvent the long-term morbidity of the condition.

In conclusion, this Research Topic documented immunological perspectives on a range of non-communicable diseases, demonstrating the potential of African immunologists to contribute to this interesting area of research and clinical practice.
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Objectives

To evaluate the diagnostic and predictive contribution of autoantibodies screening in patients with primary immunodeficiencies (PIDs).



Methods

In the present study, PID patients and healthy controls have been screened for 54 different autoantibodies. The results of autoantibodies screening in PID patients were correlated to the presence of autoimmune diseases.



Results

A total of 299 PID patients were included in this study with a predominance of antibody deficiencies (27.8%) followed by immunodeficiencies affecting cellular and humoral immunity (26.1%) and complement deficiencies (22.7%). Autoimmune manifestations were present in 82 (27.4%) patients. Autoimmune cytopenia (10.4%) was the most common autoimmune disease followed by gastrointestinal disorders (10.0%), rheumatologic diseases (3.7%), and endocrine disorders (3.3%). Autoantibodies were found in 32.4% of PID patients and 15.8% of healthy controls (P < 0.0005). Anti-nuclear antibodies (ANA) (10.0%), transglutaminase antibody (TGA) (8.4%), RBC antibodies (6.7%), anti-smooth muscle antibody (ASMA) (5.4%), and ASCA (5.0%) were the most common autoantibodies in our series. Sixty-seven out of the 82 patients with autoimmune manifestations (81.7%) were positive for one or more autoantibodies. Eleven out of the 14 patients (78.6%) with immune thrombocytopenia had positive platelet-bound IgM. The frequencies of ASCA and ANCA among patients with IBD were 47.4% and 21.0% respectively. All patients with celiac disease had TGA-IgA, while six out of the 11 patients with rheumatologic diseases had ANA (54.5%). Almost one third of patients (30/97) with positive autoantibodies had no autoimmune manifestations. ANA, rheumatoid factor, ASMA, anti-phospholipid antibodies and ANCA were often detected while specific AID was absent. Despite the low positive predictive value of TGA-IgA and ASCA for celiac disease and inflammatory bowel disease respectively, screening for these antibodies identified undiagnosed disease in four patients with positive TGA-IgA and two others with positive ASCA.



Conclusion

The present study provides valuable information about the frequency and the diagnostic/predictive value of a large panel of autoantibodies in PIDs. Given the frequent association of some AIDs with certain PIDs, screening for corresponding autoantibodies would be recommended. However, positivity for autoantibodies should be interpreted with caution in patients with PIDs due to their low positive predictive value.





Keywords: primary immunodeficiencies, autoantibody, screening, autoimmune cytopenia, celiac disease, platelet-bound IgM, transglutaminase antibody



Introduction

Primary immunodeficiencies (PIDs) are a heterogeneous group of genetic disorders that affect distinct components of both humoral and cellular arms of the immune system (1). PIDs are no longer defined by recurrent infections alone. Patients with such disorders are increasingly recognized with features of immune dysregulation, including autoimmunity and inflammation (2–5). In a retrospective study of the French Registry, authors have reported that more than 26% of patients with PIDs developed one or more autoimmune or inflammatory manifestations throughout their lifetime (6). The risk for autoimmune diseases (AID) was at least 10 times higher than in the general population (6). Mechanisms underlying the development of autoimmunity in PIDs include defective T and B cell development and tolerance, defective regulatory T cell (Treg) development or function, increased type I interferon signature and lack of clearance of immune complexes and apoptotic debris (7).

The presence of serum autoantibodies directed to multiple cell surface and intracellular antigens is a serological hallmark of autoimmune diseases and a helpful biomarker for establishing an early and accurate diagnosis. Autoimmunity has been widely studied in PIDs. However, most of published studies were focused on clinical manifestations and only few is known about the clinical relevance of autoantibody testing in such monogenic defects (6, 8). In the present study, a large series of patients with PIDs have been screened for a broad panel of autoantibodies. The study’s main objective was to evaluate the diagnostic and predictive contribution of autoantibodies screening in patients with PIDs. A secondary goal was to report the frequency of autoantibodies in different PID categories.



Material and Methods


Patients and Healthy Controls

In the present study, 299 Algerian patients with PIDs have been enrolled in two-year period (January 2018 to January 2020). All patients met the updated criteria of the European Society for Immunodeficiency (ESID) (www.esid.org). Secondary immunodeficiencies were ruled out for each patient. Patients were categorized according to the International Union of Immunological Societies (IUIS), Primary Immunodeficiency Diseases Committee Report on Inborn Errors of Immunity (2019) (1). In addition, the study included 120 healthy subjects (70 children and 50 adults) as a control group. The study was approved by the local ethics Committee and it conforms to the provisions of the World Medical Association’s Declaration of Helsinki.



Diagnosis of Autoimmune Diseases

Data on autoimmune manifestations were collected and analyzed for each patient. The diagnosis of AID was based on clinical and complementary paraclinical findings (ex., radiology, endoscopy, colonoscopy and biopsy results) and laboratory tests (ex., Coombs test, antinuclear antibodies, and transglutaminase antibody), according to international criteria for a specific disease. For instance, patients who were diagnosed with autoimmune hemolytic anemia (AIHA) presented with anemia that was associated with a positive Coombs test.



Autoantibody Testing

Patients and healthy controls were systematically screened for a broad panel of autoantibodies (54 distinct autoantibodies) that included : anti-nuclear antibodies (ANA), rheumatoid factor (RF), anti-citrullinated protein antibody (ACPA), anti-neutrophil cytoplasmic antibodies (ANCA), anti-phospholipid antibodies (aPL), anti-tissue antibodies (such as anti-smooth muscle antibody (ASMA)), anti-saccharomyces cerevisiae antibody (ASCA), transglutaminase antibody (TGA), red blood cell (RBC) antibodies, platelet-bound antibodies (PA) and anti-neutrophil antibodies (Table 1).


Table 1 | Immunoassays used for antibody testing.



ANA screening was performed at a dilution of 1:80 by indirect immunofluorescence (IIF) using HEp-2 cell line as substrate. For positive sera, nuclear and cytoplasmic staining patterns were read by two experts and ANA specificities, including dsDNA, extractable nuclear antigens (ENA), nucleolar antigens and cytoplasmic antigens were identified by enzyme-like immunosorbent assay (ELISA) and/or Immunodot. IIF and ELISA have been used for ANCA screening and identification, respectively. Detection of RBC antibodies was performed by Coombs test. PA-IgG, PA-IgM and PA-IgA were detected by flow cytometry, using a commercial kit (THROMBOCYTEST, BD Biosciences, CA, USA), according to the manufacturer’s instructions. Briefly, isolated platelets from EDTA whole blood were incubated with PE-labeled goat Ig anti-human IgG, IgM and IgA to detect platelet-bound antibodies. Binding of the antibodies was measured with a FACSCanto (BD Biosciences, CA, USA). Anti-neutrophil antibodies (IgG and IgM) were detected by indirect granulocyte immunofluorescence test (GIFT) as described previously (9). Briefly, a mixture of fresh anticoagulated blood samples obtained from 10 healthy subjects was used as a source of neutrophils. The rationale for using multiple donors was to obtain a good representation of two common human neutrophil antigens (HNA) alloforms 1 and 2. The mixed blood sample was treated with ammonium chloride-based RBC-lysing reagent. The cells were thoroughly washed, resuspended and incubated at room temperature with the patients’ sera for 30 minutes, washed twice and incubated for 15 minutes with FICT-conjugated anti-human IgG and IgM rabbit F(ab’)2 antibody fragment.



Statistical Analysis

The comparison of frequencies was performed by chi-square test or Fisher’s exact test. The threshold for statistical significance was set to a P value of less than 0.05 in all analyses. The statistical analyses were performed using SPSS version 23.0 (software package (IBM), Chicago, IL, USA).




Results


Demographic Data

The demographic data of PID patients and healthy controls are shown in Table 2. Of the 299 patients included in this study, 169 (56.5%) were males and 130 (43.5%) were females. The mean age of patients was 12.8 years (0.1 – 80 years), the mean age at onset of PID symptoms was 4,2 years (0 – 60 years) and the mean disease duration was 5.7 years (0.1 – 53 years). Two hundred three (68%) patients were children and 96 (32%) were adults. Ninety patients (30.1%) were born from consanguineous parents. Diagnosis of PID was confirmed by immunological testing in all patients and genetically in 60 (20%) patients. The distribution of patients according to the classification from the IUIS Expert Committee is shown in Table 2. Predominantly antibody deficiencies (27.8%) were the most common, followed by immunodeficiencies affecting cellular and humoral immunity (26.1%) and complement deficiencies (22.7%).


Table 2 | Demographic data of PID patients and healthy controls.





Autoimmune Diseases

Autoimmune manifestations were present in 82 (27.4%) patients, including 45 (55%) males and 37 (45%) females. There was no statistically significant association between having AID and gender (P = 0.72). AIDs was more common in patients with immune dysregulation (70.0%), followed by immunodeficiencies affecting cellular and humoral immunity (33.3%) (P < 0.0005). The lowest frequency of AID was seen in patients with complement deficiencies (10.3%) (Table 3). Unlike patients with “classical” severe combined immunodeficiencies (SCIDs), patients with atypical forms of SCID, including Omenn syndrome (OS) (n = 6) and leaky SCID (n = 9) presented a high frequency of AID (14.3% vs. 66.7%; P = 0,006). The frequency of autoimmune manifestations in patients with predominantly antibody deficiencies was 24.1%. Such manifestations were more frequent in patients with common variable immunodeficiencies (CVID) compared to patients with other antibody deficiencies (30.9% vs. 17.1%), but the difference did not reach level of significance (P = 0.14) (Tables 3 and 5).


Table 3 | AID and autoantibodies in different PID categories and healthy controls.



A wide range of autoimmune manifestations was observed in our series; autoimmune cytopenia (10.4%) was the most common AID followed by gastrointestinal disorders (10.0%), rheumatologic diseases (3.7%), skin manifestations (3.3%) and endocrine disorders (3.3%) (Table 4). The distribution of different AIDs with respect to PID categories is shown in Table 5. The most striking findings are that autoimmune cytopenia and skin diseases were common in patients with combined immunodeficiencies (CID), especially atypical SCID, while IBD and endocrine disorders predominated in patients with diseases of immune dysregulation. IBD was also common in patients with chronic granulomatous disease (CGD).


Table 4 | Main autoimmune manifestations in our series.




Table 5 | Distribution of major autoimmune diseases among different categories/types of PIDs.





Autoantibodies

The results of autoantibody testing in PID patients and healthy controls are shown in Table 3 and 6. One or more autoantibodies were found in 32.4% of PID patients and 15.8% of healthy individuals (P < 0.0005). Among the 97 patients with positive autoantibodies, 58 (60%) were males and 39 (40%) were females. There was no statistically significant association between having autoantibodies and gender (P = 0.54). The distribution of patients according to the number of positive autoantibodies showed that 46 patients (47.4%) were positive for 1 autoantibody, 22 patients (22.7%) were positive for 2 autoantibodies, 15 patients (15.5%) had 3 autoantibodies, while 14 patients (14.4%) developed 4 or more autoantibodies. There was a statistically significant association between having autoantibodies and PID category (P = 0.001). Serum autoantibodies were more frequent in patients with diseases of immune dysregulation followed by T cell immunodeficiencies, including immunodeficiencies affecting cellular and humoral immunity (38.5%) and CID with associated or syndromic features (50%) (Table 3).


Table 6 | Frequencies of different autoantibodies in PID patients and healthy controls.



The most frequent autoantibodies in our series were: ANA (10.0%), TGA (8.4%), RBC antibodies (6.7%), ASMA (5.4%), RF (5.0%), ASCA (5.0%), ANCA (4.3%), and PA (4.3%). RBC antibodies (P = 0.002), PA-IgM (P = 0.023), TGA-IgA (P = 0.021), anti-ENA antibodies (P = 0.039), and RF (P = 0.048) were significantly more frequent in PID patients when compared to healthy controls (Table 6). The distribution of different autoantibodies with respect to PID categories is shown in Table 7. The frequencies of most tested autoantibodies were higher in patients with diseases of immune dysregulation (Table 7). However, when considering PID patients with increased susceptibility to infections, and after excluding patients who have defects of phagocyte number or function, and defects in intrinsic and innate immunity due to low numbers, the frequency of RBC antibodies was significantly higher in patients with T cell immunodeficiency (P = 0.003). The frequency of PA was also higher in patients with T cell immunodeficiency but the difference did not reach level of significance (P = 0.26). There was no statistically significant association between having ANA, ASCA, ANCA and TGA-IgA and PID category. However, it is interesting to note that TGA-IgA (8.8%) was common in patients with complement deficiencies, especially in patients with hereditary angioedema due to C1-inhibitor deficiency (HAE/C1-inhibitor deficiency) (9.1%) (Table 7).


Table 7 | Distribution of autoantibodies among different categories/types of PIDs.



Sixty-seven out of the 82 patients (81.7%) with autoimmune manifestations were positive for one or more autoantibodies. All patients with AIHA had positive Coombs test. Twelve out of the 14 patients (85.7%) with immune thrombocytopenia (ITP) had positive PA. Among these patients, six (50%) were positive for PA-IgM, three (25%) for PA-IgM and PA-IgG, two (16.7%) for PA-IgM and PA-IgA and one (8.3%) for PA-IgG. Interestingly, PA-IgM and PA-IgG were present in a patient with autoimmune lymphoproliferative syndrome (ALPS) (due to homozygous mutation in FAS) and normal platelet count (188000 per uL). IgM (n = 2) and IgG (n = 1) anti-neutrophil have been detected by indirect GIFT in three patients with autoimmune neutropenia. The prevalence of ASCA and ANCA among patients with IBD (n = 19) were 47.4% and 21.0% respectively. All patients with celiac disease (CD) (n = 8) had TGA-IgA, while none of them had TGA-IgG. Among patients with rheumatologic diseases (n = 11), six had ANA (54.5%), two were positive for RF (18.2%) while none had ACPA.

Almost one third of patients (31%) with positivity for one or more autoantibodies had no autoimmune manifestations. ANA, RF, ASMA, aPL and ANCA were often detected while specific AID was absent (Figure 1). Thus, only 20% of patients with positivity for ANA had rheumatologic disease. Such AID was found in only 13.3% of patients with RF. Similarly, 18.7% of patients with positive ASMA had autoimmune hepatitis (AIH) and none of the eight patients who were positive for aPL had anti-phospholipid syndrome (APS).




Figure 1 |  Autoimmune diseases in patients with positive autoantibodies. AIHA, autoimmune hemolytic anemia; ANA, anti-nuclear antibodies; ASCA, anti-saccharomyces cerevisiae antibody; ASMA, anti-smooth muscle antibody; CD, celiac disease; IBD: inflammatory bowel disease; PA, platelet-bound antibodies; RBC Ab, red blood cell antibodies; RD, rheumatoid disease; TGA, anti-transglutaminase antibody.



Eight out of the 22 patients (36.4%) with positive TGA-IgA had CD. The screening of TGA-IgA in our series identified four earlier undiagnosed CD. The diagnostic was confirmed by a biopsy in two patients with CID and CVID and by a “no-biopsy approach” (i.e., TGA-IgA values ≥10 times the upper limit of normal and positive endomysial antibodies (EMA-IgA) in a second serum sample) in two patients with HAE/C1-inhibitor deficiency. Nine out of the 15 patients (60%) with positive ASCA (IgA and or IgG) had IBD. The screening for ASCA identified two undiagnosed IBD in two patients with CGD and CVID.




Discussion

In the present study, a large series of Algerian patients with PIDs were systematically tested for a broad panel of autoantibodies. The results of autoantibodies screening were correlated to the presence of autoimmune manifestations. Although the occurrence of autoimmunity in patients with PIDs has been previously reported, to the best of our knowledge, this is the first report to evaluate the diagnostic and predictive values of autoantibodies for AIDs in the context of PIDs. Moreover this is the first systematic report of autoimmunity and autoantibody profile in patients with PIDs from Africa.

A total of 299 Algerian patients with 60 different PIDs, belonging to 7 different categories of IUIS classification, were included in this study. Autoimmune manifestations were present in 27.4% of patients. A similar prevalence (26.2%) has been reported in a previous study of the French National Primary Immunodeficiencies Registry (6). However, the frequency of AIDs in the Slovenian (22%) and Kuwaiti (20%) studies were lower (8, 10). Many factors, such as ethnicity, environment, cohort size, age of patients, disease duration, and access to hematopoietic stem cell transplantation could have contributed to such differences between series. In our study, AIDs were more common in patients with immune dysregulation (70.0%) followed by immunodeficiencies affecting cellular and humoral immunity (33.3%). Although autoimmunity was less prevalent in patients with complement deficiencies, it is worth to be mentioned that six out of the 55 patients (10.9%) with HAE/C1-inhibitor deficiency (which is the most common complement deficiency in our series) had autoimmune diseases, including two patients (3.6%) with systemic lupus erythematosus and two others (3.6%) with CD.

Autoimmune cytopenia (10.4%) was the most common autoimmune manifestation in our series. This finding is in accordance with the French and the Kuwaiti studies and emphasize the importance of recognizing autoimmune cytopenia as ‘warning sign’ of immunodeficiency (especially in children) that should trigger an immune evaluation. Furthermore, gastrointestinal disorders (10.0%), rheumatologic diseases (3.7%) and endocrine disorders (3.3%) were also common in our series. This is comparable to the percentages found in the French study (9.5%, 5.0% and 3.2%, respectively) (6, 8). However, skin manifestations, which have been observed in 3.3% of our patients were more frequent in the French registry (5.5%) (6).

In our series, autoantibodies were present in 97 patients (32.4%), they were significantly more frequent than in the control group (P < 0.0005). Among patients with positive autoantibodies, 67 (69%) had AIDs while 30 (31%) did not exhibit any autoimmune manifestation. The presence of autoantibodies was a common feature of all types of PIDs. However, their prevalence was significantly higher in patients with defects of immune dysregulation. In our study, all patients with ALPS, lipopolysaccharide-responsive and beige-like anchor protein (LRBA) deficiency and immune dysfunction, polyendocrinopathy, enteropathy, X-linked (IPEX) syndrome developed autoantibodies, highlighting the role of B-cell homeostasis (Fas deficiency), Treg (IPEX syndrome) and cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) surface expression (LRBA deficiency) in the control of autoreactive B cells and autoantibody production. Furthermore, 38.5% of patients with immunodeficiencies affecting cellular and humoral immunity were positive for at least one autoantibody. Although this category is mainly characterized by defects in T-cell development and function (1), aberrant autoantibody production is likely to be related to defects in B-cell tolerance and function. In recombination-activating gene (RAG) deficiency, the presence of a wide spectrum of autoantibodies, both in patients (11) and in animal models (12, 13) has been attributed to defects in central and peripheral B-cell tolerance. Re-expression of RAG proteins in mice allows receptor editing in bone marrow immature B cells and reduce the frequency of self-reactive B-cells (14).

Red blood cell and platelet-bound antibodies were detected in 6.7% and 4.3% of patients respectively. All patients with AIHA had positive Coombs test, while 85.7% of patients with ITP had positive PA. The detection of PA by flow cytometry is an excellent diagnostic tool for ITP, but it is worth noting that PA could be detected in the absence of ITP. Unlike RBC antibodies, most of detected platelet-bound antibodies were IgM. PA-IgM was present in 78.6% of patients with ITP (mostly children), while PA-IgG was detected in only 28.6% of patients. This finding is in accordance with a recent Danish study, in which PA-IgM were significantly more frequent than PA-IgG in children with ITP (63% vs. 44%, P = 0.03) (15). Schmidt et al have also reported that anti-platelet antibodies were predominantly of the IgM class in children with newly diagnosed ITP (16). In the same study, the authors have noted that IgM responses were present short term without evidence of class-switching to IgG (16). Such responses are likely to be triggered by infections, and molecular mimicry may play a central role in the development of self-directed anti-platelet immunity (17, 18). Furthermore, a pathophysiological role of IgM anti-platelet antibodies in ITP has been demonstrated (16, 19). Unlike IgM anti-erythrocyte autoantibody that promotes anemia through a massive agglutination of RBCs in spleen and liver, PA-IgM induces thrombocytopenia through uptake of opsonized platelets (19, 20). In the mouse, it has been reported that IgM autoantibody-mediated thrombocytopenia was macrophage dependent and the Fcα/μR was required for macrophage uptake of opsonized thrombocytes (21). Complement fixation on IgM might also potentially activate phagocytosis involving complement receptors expressed on macrophages (16). Taken all findings together, childhood ITP unlike chronic adult ITP is mainly IgM-mediated. Patients should be tested for both PA-IgM and PA-IgG in order to improve the sensitivity of the flow cytometric test and to determine the prognosis of the ITP (16).

When considering PID patients with increased susceptibility to infections (i.e., after excluding patients with diseases of immune regulation), RBC antibodies and PA were more common in patients with T-cell immunodeficiency. Of 8 RAG-deficient patients, 3 (37.5%) were positive for RBC antibodies or PA and exhibited autoimmune cytopenia. In previous studies, biallelic RAG1 and RAG2 mutations have been associated with a wide range of clinical and immunological phenotypes (22). While null mutations result in SCID with the absence of T and B lymphocytes (T− B− NK+ SCID) (23), hypomorphic mutations allowing for residual protein function are associated with atypical forms including OS (24–26), and leaky SCID (23, 27). Autoimmune manifestations are rare in RAG-deficient patients presenting with typical SCID. However, cytopenias, in particular AIHA, have been reported in more than half of patients with hypomorphic mutations in RAG1 and RAG2 (28). In our series, none of the two RAG-deficient patients with SCID had autoimmune cytopenia while three out of the 6 patients with hypomorphic mutations (manifesting as OS in 4 patients and leaky SCID in 2 others) presented with autoimmune cytopenias, including AIHA in two patients and ITP in another one.

Inflammatory bowel disease was the most common gastrointestinal disease in our cohort. IBD was more frequent in patients with defects of immune dysregulation (40%), CGD (50%), and CVID (9.5%). The frequencies of ASCA and ANCA among patients with IBD were 47.4% and 21.0%, respectively. ASCA was associated with IBD in 60% of patients. Interestingly, the systematic testing for ASCA identified two undiagnosed IBD, representing 10.5% of total IBD cases. Hence, patients presenting PIDs with a high risk for IBD, such as CGD and CVID, should be tested for ASCA even in the absence of digestive symptoms. In case of positive ASCA, additional investigations (ex., radiology, colonoscopy and biopsy) are necessary to confirm the diagnosis.

One of the most striking results of our study is the high frequency of TGA. We were somewhat surprised to observe that 25 patients (8.4%) were positive for TGA-IgA and/or TGA-IgG (compared to 1.7% in the control group). Among patients with TGA-IgA, only 8 (36.4%) had CD. Despite their low positive predictive value (PPV), TGA-IgA testing identified four earlier undiagnosed CD, representing 50% of total CD cases in our series. Interestingly enough, the screening of HAE patients for TGA-IgA revealed a frequent association of CD with C1-inhibitor deficiency (3.6%). Such association was also reported by a Hungarian study in which 3.1% of patients with HAE had CD (29). Considering the high prevalence of CD among patients with HAE, screening for the former is warranted. In addition, it may help in differential diagnosis as well as in the selection of the most appropriate therapy, which is very important known the similarities between the symptoms of HAE and CD.

In our study, ANA and RF were present in 10% and 5% of patients respectively. However, their PPVs for rheumatologic diseases were very low (20% and 13.3% for ANA and FR, respectively). Similarly, only 18.7% of patients with positive ASMA had AIH and none of the positive patients for aPL had APS. The aberrant autoantibody production in patients with PIDs may be related to several intrinsic and environmental factors (7, 30). Infections would play a central role in triggering autoimmunity and autoantibody production in patients with PIDs. In fact, the presence of autoantibodies such as ANA, RF, ACPA, aPL, ANCA and ASMA has been described as an epiphenomenon in several bacterial and viral infections (ex., Staphylococcus aureus, Mycobacterium tuberculosis and HCV) (30–34).

In conclusion, the present study provides valuable information about the frequency and the diagnostic/predictive value of a large panel of autoantibodies in PIDs. Considering the frequent association of some AIDs with certain PIDs, such as autoimmune cytopenia/Fas and RAG deficiencies, CD/C1-inhibitor deficiency and IBD/CGD, systematic screening for corresponding autoantibodies would be recommended. However, positivity for autoantibodies, especially ANA, RF, ANCA, aPL and ASMA, should be interpreted with caution due to their low positive predictive value.
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Primary immunodeficiency disorders (PIDs) are inborn errors of immunity (IEI) that cause immune system impairment. To date, more than 400 single-gene IEI have been well defined. The advent of next generation sequencing (NGS) technologies has improved clinical diagnosis and allowed for discovery of novel genes and variants associated with IEI. Molecular diagnosis provides clear clinical benefits for patients by altering management, enabling access to certain treatments and facilitates genetic counselling. Here we report on an 8-year experience using two different NGS technologies, namely research-based WES and targeted gene panels, in patients with suspected IEI in the South African healthcare system. A total of 52 patients’ had WES only, 26 had a targeted gene panel only, and 2 had both panel and WES. Overall, a molecular diagnosis was achieved in 30% (24/80) of patients. Clinical management was significantly altered in 67% of patients following molecular results. All 24 families with a molecular diagnosis received more accurate genetic counselling and family cascade testing. Results highlight the clinical value of expanded genetic testing in IEI and its relevance to understanding the genetic and clinical spectrum of the IEI-related disorders in Africa. Detection rates under 40% illustrate the complexity and heterogeneity of these disorders, especially in an African population, thus highlighting the need for expanded genomic testing and research to further elucidate this.
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Introduction

Primary immunodeficiency disorders (PIDs) are a group of genetically heterogeneous inborn errors of immunity (IEI), which lead to a predisposition to the development of autoimmune and inflammatory diseases, lymphoproliferation and infection (1–5). Individually, IEIs are rare, but collectively represent a significant burden of disease (4, 6). It has recently been estimated that close to one million people in Africa suffer from an IEI, with South Africa contributing approximately 42,000 cases (7). However, human immunodeficiency virus (HIV), tuberculosis (TB) and other infectious epidemics in sub-Saharan Africa, limited clinical and laboratory infrastructure for IEIs, as well as lack of awareness for IEIs in these settings, have been major obstacles to diagnosis and treatment (7–10).

The diagnostic workup for a suspected IEI is shifting from only detailed clinical evaluations of the patient, to include a number of laboratory tests which may include targeted gene screening and immunological assays. Given that most IEIs are monogenic, genetic testing has become an important modality for providing an accurate and definitive diagnosis, altering management and aiding genetic counselling (11–13). This said, the identification of a disease-associated variant in a suspected case of IEI can be challenging with many cases having no single causative variant identified and large genotype-phenotype variation reported (14–16).

The identification of genes and genetic variants associated with IEIs has increased exponentially, with International Union of Immunological Societies (IUIS) currently reporting on 406 distinct disorders, with 430 genetic defects (6). Between 2015 and 2017, a total of 85 new genes were associated with IEIs (17). This increase has largely been driven by the use of next generation sequencing (NGS), more specifically whole genome sequencing (WGS), whole exome sequencing (WES) and the more restricted targeted gene panel sequencing (17). WES involves the investigation of all the protein-coding regions of the human genome (exome) allowing identification of around 85% of all disease-associated mutations (18). NGS gene panels are more targeted and analyse only known disease-associated genes for specific diseases. The advantages of panels over WES or WGS include lower cost, simpler analysis, and optimisation of variant detection in the included genes. Disadvantages include the inability to analyse or re-analyse genes not included on the panel (19).

Currently, NGS gene panels are the mainstay diagnostic tools in clinical settings, whereas WES and WGS may be second-line testing options. In South Africa, WES and WGS largely remain research tools because of their cost and the complexity of data interpretation. Factors that limit their provision in clinical service as diagnostic/clinical tests are that they must have acceptable analytical and clinical validity and clinical utility (20), must meet rigorous quality assurance standards, and must ensure rapid turnaround times in order to achieve ethical test outcomes (20). In a developing country, clinical genomic testing remains a considerable logistical challenge, with low volumes of samples, from patients with rare genetic diseases, leaving them to be considered lower priority.

In the interests of patient care, Tygerberg Hospital has sourced clinical genomic tests from specific international genomic testing providers since 2017, and supplemented this with research-based WES/WGS, at no cost to the patient. To date more than 730 diagnostic panels have been ordered across all clinical areas, of which 28 have been ordered on patients with suspected IEIs. WES has been performed on the DNA of 54 patients, two of whom had prior NGS panel testing.

The benefit of using NGS in patients with suspected IEIs has been shown in numerous international studies (11, 16, 21–23) and is likely to be beneficial in African patients. However it is likely that pathogenic variants, and perhaps even genes, may differ in the African population compared to more intensively studied populations. There was therefore a need to assess the clinical utility of gene panel testing and/or WES in a South African cohort. We report on molecular results, diagnoses and alterations in clinical management in patients with suspected IEIs, tested within the South African state healthcare system.



Materials and Methods


Patients

The study includes 80 patients and 107 family members recruited over an 8 year period (2013-2020). Most of the patients have received or are currently receiving their medical care at Tygerberg Hospital, a state academic hospital situated in Cape Town that provides tertiary level services to a population of nearly 3 million people in the Western Cape province of South Africa. The immunology service also receives referrals from further afield in South and southern Africa. Three patients included in this study are receiving medical care in the private healthcare sector and one was within the Gauteng state healthcare system. These patients’ data were included in this study as the families had either sought care from one of the immunology or genetic healthcare specialists working at Tygerberg Hospital or had received genetic testing through this system.

WES was performed in-house on DNA samples from 54 patients. Patients recruited for WES were children between the ages of 0 and 15 years that have a history of severe, unusual, persistent and/or recurrent TB or were suspected to have mendelian susceptibility to mycobacterial disease (MSMD). Depending on the available family members, genomic analysis of a trio (patient and both parents), duo (patient and one parent) or a single individual was performed. Of note is that not all 107 recruited family members were subjected to WES or genomic analysis as a result of either lack of budget or DNA that did not meet quality metrics for sequencing.

NGS diagnostic panel testing became available in 2017 through an external provider, and 28 gene panel tests were performed. Gene panel testing was offered to patients thought to have any one of a broad range of IEIs. This was done following a clinical and immunological assessment by a rheumatologist/clinical immunologist, and assessment of the family history by a genetic counsellor. Tygerberg hospital budget funded panel testing for 22 of the 28 patients, and this was performed through Invitae Corporation (San Francisco, California, United States). Panel selection was based on the clinical phenotype and presentation of the patient, with the number of genes available for inclusion increasing from 207 to 407 genes over time. In January 2019, a number of IEI diagnostic gene panel tests were made available free of charge through a pilot sponsored programme for Jeffrey Modell Centers Network (JMCN) patients, in collaboration with Invitae Laboratories. This allowed access to a 207 gene panel for 6 patients who were not eligible for tests through the hospital and could not themselves afford the cost (2, 4, 17). For patients who received NGS panel tests, family member testing was performed, if required for resolution of variants of uncertain significance (VUS) or for carrier testing of relatives.

NGS gene panels soon became the first-line genomic diagnostic test, with patients that had a negative panel result, or an atypical clinical phenotype, then receiving WES if the research budget allowed. Two patients received both panel testing and subsequent WES testing.



Panel Testing

Saliva was collected for each of the patients in saliva kits provided by Invitae. Saliva was collected and stored in Oragene™ assisted saliva collection kits (DNA Genotek, Ottawa, Ontario, Canada) (OG575/ODG575), specifically for young children or patients where active saliva donation may be difficult. Two saliva tubes totalling 0.75ml of saliva were collected per kit. Saliva was subsequently stored at room temperature and shipped to Invitae for sequencing and analysis of 207 genes well established to be associated with IEIs. Genomic DNA obtained from the submitted samples was enriched for targeted regions using a hybridization-based protocol, and sequenced using Illumina technology. All targeted regions were sequenced with ≥50x depth or in cases where this falls lower than the accepted range, are supplemented with additional analysis. Reads were aligned to reference sequence hg19 (GRCh37). Promoters, untranslated regions, and other non-coding regions were not interrogated. More information on Invitae’s assays can be found here: (https://www.invitae.com/en/assay/).



Whole Exome Sequencing

DNA was extracted from whole blood of recruited patients and, wherever possible, their parents and additional family members using standard protocols. A total of 5ml of blood was drawn into BD Vacutainer→ EDTA blood collection tubes (Becton, Dickinson and Company, Franklin Lakes, New Jersey, United States). DNA was extracted using the Macherey-Nagel NucleoSpin XL DNA extraction kit (GmbH & Co. KG, Düren, Germany). Library preparation was conducted using the Ion AmpliSeq™ Exome RDY Kit and the Ion Xpress™ Barcode Adaptors 1–16 Kit (Life Technologies, Carlsbad, California, United States). The DNA template was prepared on the Ion Chef system using the Ion PI™ Hi-Q™ Chef Kit and the Ion PI™ Chip Kit v3. Sequencing was performed at the Central Analytical Facility (CAF) at Stellenbosch University, Stellenbosch, South Africa using the Ion Proton™ (Thermo Fisher, Carlsbad, California, United States). The average coverage for WES was 30X across the entire exome.

Variant calling: Sequences were aligned to the human reference genome, GRCh37 using TMA (version 5.2.1) in the ion-analysis workflow on the Torrent Suite (version 5.2.1). The Variant Caller (version 5.2.1.1) plugin on the Torrent suite was used for base quality score recalibration, indel realignment and variant calling and variant called format (VCF) files were produced. Variant annotation was done using ANNOVAR (5) and variant prioritization was carried out using a custom-designed, in-house method, TAPER™ (21).

Sanger Sequencing: All candidate variants identified through WES were verified using Sanger sequencing. Each amplicon was bi-directionally sequenced using the BigDye® Terminator v3.1 Cycle Sequencing Kit (Perkin-Elmer, Applied Biosystems Inc., Foster City, California, USA.), followed by electrophoresis on an ABI 3130XL Genetic Analyzer (Perkin-Elmer, Applied Biosystems Inc., Foster City, California, USA). All automated DNA sequencing reactions were performed at the Central Analytical Facility (CAF) at Stellenbosch University, Stellenbosch, South Africa.

Variant interpretation: Variants detected by NGS testing were all rigorously subjected to the American College of Medical Genetics and Genomics and the Association for Molecular Pathology (ACMG-AMP) variant classification criteria in order to establish pathogenicity (24). Variants that were classified as benign or likely benign were not reported in this study. Variants classified as uncertain, likely pathogenic and pathogenic (LP/P) were included.

Confirmation of diagnosis and reporting: A WES-based molecular diagnosis was made in a patient when a LP/P variant was found in a gene associated with the phenotype, consistent with the known patterns of inheritance associated with that gene, and confirmed on Sanger sequencing. In these cases, a report was issued to the referring clinician and explained to the patient and their family members by a genetic counsellor.



Ethics and Institutional Approvals

NGS gene panels were performed as part of clinical diagnostic investigation of patients suspected to have a broad range of IEIs. Tests were preceded by genetic counselling and subject to informed consent. WES was performed as part of two research studies that aimed at identifying genes and variants associated with a specific sub-group of IEIs known MSMD.

The WES studies were approved by the Health Research Ethics Committee of Stellenbosch University (study numbers: N13/05/075 and N13/05/075(A) and done through the Division of Molecular Biology and Human Genetics, Faculty of Medicine and Health Sciences, Stellenbosch University. Patients included in these studies are children between the ages of 0 and 15 years clinically suspected to have MSMD. Such patients were identified by both the National Health Laboratory Services and Desmond Tutu Centre for Tuberculosis and recruited by a clinical immunologist and a clinical geneticist at Tygerberg Hospital. Written and informed consent was obtained from the parents or legal guardians of eligible patients. Children of age were also asked to assent to the study. The studies adhered to the ethical guidelines as set out in the “Declaration of Helsinki, 2013” (16).




Results

This study includes a total of 80 patients. Patient demographic data can be found in Table 1.


Table 1 | Patient demographic data.



A molecular result that explained all or some of the patient’s phenotype was made in 24/80 (30%) cases, using panel and/or WES. Of the patients who had panel testing only, a diagnosis was made on 12/26 (46%). For patients that had WES only, 12/52 (23%), had a confirmed molecular diagnosis. Of the two patients who had both panel and WES, a molecular diagnosis that confirmed part of the phenotype was made by WES in one. A total of 35/80 (44%) patients have uncertain results and 21/80 (26,2%) patients had no variants of interest identified.


Genetic Spectrum and Clinical Implications of Molecular Findings

In the 24 probands with a confirmed molecular result, 24 different LP/P variants were identified in 19 genes well known to be associated with IEIs. Clinical and molecular information for each proband can be found in Table 2. In 22 probands with an uncertain result, VUSs identified using WES will be subject to further investigation using functional studies, family studies (where possible) and follow-up for re-analysis of variant classification over time. This is because they were identified to potentially be causative of the patients’ phenotype, but currently do not meet ACMG-AMP classification criteria to be classified as likely pathogenic or pathogenic (information in Supplementary Table 1) (24).



Table 2 | Clinical presentation of patients with genes with pathogenic/likely pathogenic variants.






For 24 probands with a confirmed molecular diagnosis, the mode of inheritance was found to be autosomal recessive in 10/24 (41,2%) cases; X-linked recessive in 8/24 (33,3%) cases and autosomal dominant (de novo or due to germline mosaicism) in 6/24 (25%) cases. Results are summarised in Table 3.


Table 3 | Summary of results from probands and family member testing.



Molecular diagnosis altered management in 67% (12/18) of living patients. Management could have been altered in 29,1% (7/24) of cases with a molecular diagnosis if referral and diagnosis was made sooner and patients had not died. Having a molecular diagnosis also allowed for family cascade testing, identifying 19 families at risk of having another child affected with an IEI.




Discussion

NGS is becoming the gold standard for confirming diagnoses in patients with suspected IEIs (12, 15) with our detection rates being comparable to other published studies (14, 16). This study highlights several important aspects of the clinical utility of NGS testing in patients with IEIs, even in setting where the healthcare services are significantly resource-constrained, and the majority of patients belong to indigenous African populations (populations considered understudied in genetic research) (25).

Our results show that NGS testing yielded a definitive diagnosis in 30% (24/80) of patients tested. Three of these diagnoses were made after the patient died and four died shortly after diagnosis was made. In 67% of the 18 living patients, a molecular diagnosis allowed significant alteration to management that in the long term may reduce morbidity, mortality and costs of care. Significant changes to health management included two patients successfully receiving HSCT and three more being eligible for HSCT as a curative option. It is now known that some patients have variant associated malignancy risks and screening for this has been put into place. Definitive diagnosis has also allowed access to various other clinical screenings for some such as audiological, endocrinological and haematological screening, as well as dedicated ophthalmology screening (e.g. for glaucoma and uveitis). Various diagnosed PIDDs are known to benefit from antibiotic prophylaxis based on risks for bacterial infection, and relevant patients will now appropriately receive this either chronically or intermittently. Diagnosis has also assisted with identifying patients that are required to avoid live vaccines because of known risks for dissemination. One patient is now under observation as a candidate for organ transplant (liver) in adulthood. The remainder of live patients with a confirmed genetic diagnosis largely continued on treatment prescribed pre molecular diagnosis. However, having a confirmed genetic result allows them to potentially be eligible for curative treatments such as gene therapy in the future.

A total of 5 patients with life-threatening IEIs in this cohort died before receiving HSCT as a curative therapy, highlighting the need for rapid diagnosis in IEIs. This issue urgently requires increased awareness of PIDs among primary practitioners and subsequent referral to clinical immunology and genetic services without delay. It also requires early use of NGS testing as part of patient care, where possible in the form of clinical/diagnostic testing (as opposed to research recruitment). In our services, these difficulties are improving over time as awareness increases of the availability of suitable NGS testing, and it becomes more widely understood. These improvements have resulted in part from an active molecular genetic research program in the field of IEIs. In addition, there is hospital buy-in from Tygerberg Hospital to the clinically appropriate use of NGS clinical/diagnostic testing for rare disease diagnosis, but this is not currently the case at national level, and there remains an urgent need for national policy on NGS diagnostic testing for rare diseases.

A positive outcome for all families whether with deceased or living probands is that molecular results allowed for accurate genetic counselling around diagnosis and prognosis and allowed for the provision of psychosocial support. The confirmed results allowed parents and interested extended family members to have carrier testing to better understand recurrence risks. Of relevance to testing in resource constrained environments is that familial cascade testing, for probands who had a positive molecular result on an Invitae Panel, is free of charge.

In this cohort, familial testing allowed for 19 sets of parents to know their carrier status and therefore potential reproductive risks. For the 11 sets of parents that are proven or assumed obligate carriers of an autosomal recessive condition, the risk to have another affected child is 25% for each pregnancy. The 8 mothers that were confirmed to be carriers of an X-linked IEI could be informed of the 50% chance of sons being affected and daughters being carriers. One maternal aunt of a proband with an X-linked IEI was excluded as a carrier. The autosomal dominant conditions in this cohort were all seen to be de novo with low recurrence risk for future pregnancies (as germline mosaicism cannot be excluded) and no risk to extended family members. Although not relevant to this cohort, genomic testing to identify asymptomatic affected individuals has an important clinical role in allowing early diagnosis to allow for screening and preventative measures to improve health outcomes (13, 22, 26, 27).

Knowing carrier status provides access prenatal diagnosis (PND), with the option of termination of an affected pregnancy, or to prepare for the birth of an affected child, in which case it facilitates optimal neonatal management (e.g. avoid live vaccinations; haplotyping for a HSCT donor) (28, 29). Although the data are not presented, we are aware that several family members have received PND in subsequent pregnancies. The option of preimplantation genetic diagnosis (PGD) to prevent an affected pregnancy is another consideration, but is unfortunately not available within the South African state health sector. PGD must be accessed privately and requires considerable financial means.

Even with NGS-based approaches dramatically improving IEI diagnoses, detection rates remain below 50% (14–16). Proposed reasons include IEIs with a complex mode of inheritance, limitations of certain genomic technologies and cases caused by genes and variants not yet discovered or understood (5, 14–16, 19). Our results have shown the same with a detection rate of 30%. In consanguineous families, this detection rate may be as high as 70%, indicating the clinical utility of these NGS platforms (30). Lower detection rates in a South African cohort may also be due to limitations of testing methods used. TGPs look only at a specific subset of genes which have been clinically associated with disease, while WES looks at 1,2% of the human genome, specifically that which, when translated and transcribed, will be expressed as proteins. TGP and WES share a major limitation in that both methods rely on an exon-capture step upstream of the sequencing. Various approaches to exon capture have been developed and modified, but no single method is able to ensure perfect uniformity of target coverage – put plainly, some regions may sequence better and at a higher vertical coverage than others (26, 31, 32). Coupled to this, WES does not consider the fact that non-coding regions of the genome harbour an estimated 15% of variants which have large effect sizes on disease traits and for this reason, any pathogenic variant which may be in these regions, would not be identified (26).

Given the restrictiveness of both TGP and WES, numerous variants and/or novel genes may have been missed as a possible cause for IEI in the remaining 70% of the patients. Multiple studies have shown that WGS is more powerful than TGP and WES as this technique expands beyond targeted regions, and is not restricted by the capture methods which is a significant limitation in both TGP and WES (26, 33–35). WGS was not used on patients in this study even though it is the better genomic testing option in rare diseases. Going forward, a number of patients in this study with no definitive diagnosis or candidate genetic variants identified, will be subjected to WGS as a continuation of the research projects earlier described. Patients with IEIs not previously recruited will also be considered for WGS, with the hopes of improving understanding of genetic contribution to IEIs in African patients and in increasing diagnosis.

Lower detection rates in this cohort could also be attributed to genomic testing in a population in which the genome is highly diverse, understudied and poorly understood. In African patients, undiscovered variants and their corresponding immune pathways may account for differences in susceptibility and consequent clinical manifestations of disease, making variant calling and interpretation following NGS testing a huge challenge (25, 36). To overcome such limitations, there is an urgent need for more research focusing on African genetic diversity in both health and disease, and how this determines the predominant host specific immune responses (25).

An interesting finding from this study was that detection rates using targeted NGS gene panels were higher than detection rates using broader based WES (46% vs 25%), despite panel testing being more restrictive than WES. This is possibly due to more focused phenotyping of patients selected for panels versus those selected for research-based WES. Patients selected for WES were done so based on history of severe, unusual, recurrent or persistent TB and therefore thought to have MSMD. Using such inclusion criteria in a country where the rates of TB are exceptionally high, may have resulted in including patients with a clinical picture that is attributed to environmental exposures and social circumstances, rather than due to an underlying genetic defect. There also remains the possibility that the underlying genetic defects for susceptibility to mycobacterial disease, such as TB, is different in the African population, making gene and variant prioritisation through current bioinformatic pipelines difficult. Selecting for patients with suspected MSMD remains a challenge in countries, such as South Africa, where TB remains a pandemic and very careful evaluation by immunology and genetics experts is needed to ensure resources are not unnecessarily spent.

This study has highlighted how genomic testing has positively altered clinical and family management in a significant number of patients. Motivation for the government to allocate funds for genomic services and testing going forward requires evidence of clinical and public health utility and this study serves as the first of its kind to show this in South Africa. The challenge remains getting government funding for incorporation of such testing into routine clinical care for patients with suspected IEIs. The rapid decline in NGS sequencing cost and the per-sample cost of a singleton WES (i.e. on the proband only) being comparable to that of targeted panels should convince public and private health funders to consider implementing such testing in funded as well as resource constrained environments. Our findings allow the start of the conversation to mainstream NGS testing for IEIs, with the goal being improved overall patient and family care.
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Background

Tissue derived fibroblast-like synoviocytes (td-FLS) are key actors in pannus formation and contribute to joint destruction and inflammation during rheumatoid arthritis (RA). Several members of the Wnt family, including Wnt5a, may contribute to RA td-FLS activation and can potentially serve as therapeutic targets.



Objective

The present work aimed to investigate the expression of Wnt5a signaling elements in RA td-FLS and their potential precursors (fluid derived (fd) FLS and fibrocytes). We also studied the role of Wnt5a in RA td-FLS pro-inflammatory activity and whether the inhibitor SFRP5 could restore Wnt5a-induced synovial dysfunction in vitro.



Materials and Methods

The levels of Wnt5a, SFRP5, Wnt5a receptors/coreceptors and Wnt5a pro-inflammatory targets were determined in cultured RA td-FLS, fd-FLS and fibrocytes using qPCR under basal conditions. The expression of pro-inflammatory molecules was assessed after RA td-FLS stimulation with Wnt5a and SFRP5 at different time points.



Results

Our data showed that td-FLS, fd-FLS and fibrocytes from patients with RA expressed similar levels of Wnt5a and a set of Wnt5a receptors/coreceptors. We also demonstrated that Wnt5a stimulated the expression of the pro-inflammatory targets, especially IL1β, IL8 and IL6 in RA td-FLS. Wnt5a-induced inflammation was enhanced in the presence of SFRP5. Furthermore, Wnt5a alone and in conjunction with SFRP5 inhibited the gene expression of TCF4 and the protein levels of the canonical coreceptor LRP5.



Conclusion

Wnt5a pro-inflammatory effect is not inhibited but enhanced by SFRP5 in RA td-FLS. This research highlights the importance of carefully evaluating changes in Wnt5a response in the presence of SFRP5.





Keywords: rheumatoid arthritis, Wnt pathway, FLS, fibrocytes, inflammation



Introduction

Rheumatoid arthritis (RA) is a systemic autoimmune disease that affects approximately 1% of population worldwide (1). Synovial lining fibroblast-like synoviocytes (also called tissue derived fibroblast-like synoviocytes (td-FLS)) are mesenchymal cells that display many characteristics of fibroblasts including expression of type I and V collagens, fibronectin vimentin, and CD90. During RA, these cells exhibit multipotent pathogenic proprieties (2, 3). Explanations for RA td-FLS aggressiveness include migration of new cells from the blood and bone marrow into the inflamed joint (4).

It is also possible that circulating fibrocytes can migrate into the inflamed joint and then differentiate along a fibroblast-like synoviocyte pathway. Furthermore, synovial fluid (SF) from RA patients has been described to give rise to fluid derived FLS (fd-FLS), which are morphologically similar to td-FLS (5). These cells are also described in osteoarthritis (OA) synovial fluid and exhibit similar pro-inflammatory characteristics to OA td-FLS (6).

The activation of td- FLS during RA results from many alterations in several homeostatic mechanisms and signals including the Wnt pathway. This signaling is involved in many biological processes including embryonic development, cell migration, tissue organization and human diseases (7, 8). Wnt5a, a prototype Wnt, is involved in several inflammatory diseases. It mediates the production of many inflammatory molecules including IL1β, IL6 and IL15 during autoimmune disorders (4, 9). In RA td-FLS, Wnt5a expression is enhanced (4, 9). The signaling pathways induced by Wnt5a are mediated by canonical (β-catenin-dependent) or noncanonical (β-catenin independent) pathways (10). The β-catenin dependent signaling pathway is by far the best-characterized and comprises signal transduction through the accumulation of β-catenin protein as well as specific T-cell factor/lymphoid enhancer factor (LEF/TCF) family transcription factors (11, 12)

Wnt5a binds several receptors, including members of frizzled (Fzd) receptor family, Ror2 and Ryk (9, 13). In addition to Fzd receptors, the canonical Wnt pathway requires transmembrane proteins that belong to a subfamily of low-density lipoprotein (LDL) receptor- related proteins (LRP) such as LRP5 (9, 13). The interaction of Wnt5a with Fzd receptors is antagonized by secreted frizzled -related proteins (SFRP) such as SFRP5. However, a previous study postulated that SFRP could also promote long-term Wnt signaling in certain instances by binding to Wnt proteins and protecting them from degradation (14). Data on the relationship between Wnt5a and SFRP5 in humans are limited and inconsistent (15, 16). Furthermore, the Wnt5a ligand can have disparate effects on cells depending on receptor availability. Therefore, the cellular context dictates the effect of Wnt5a (17). Even though td-FLS perform key functions in RA pathogenesis and joint inflammation, the expression of Wnt5a signaling elements in these cells and their previously described precursors (fd-FLS and fibrocytes) has not been well studied.

We investigated whether the three cell types express Wnt5a, SFRP5, Wnt5a receptors/coreceptors and Wnt5a principal targets. We also studied the involvement of Wnt5a in td-FLS pro-inflammatory activities during RA.



Materials and Methods


Patients and Samples

The study included 14 patients with RA. Each patient donated a unique biological sample (peripheral blood, synovial fluid, or synovial tissue). Peripheral blood samples were obtained from five patients with RA. Synovial tissues were obtained from five patients with RA during total joint replacement or synovectomy. Synovial fluid (SF) samples were collected from the knees of four patients with active RA using a standard sterile procedure. The median age of all patients was 57 years old (range 35–79) with a disease duration of 15 years (7–26). RA patients fulfilled the criteria for the ACR/EULAR 2010 (18). RA patient characteristics are detailed in Table 1. As a control, 3 synovial membranes from patients with osteoarthritis (OA) were used. These tissues were collected at the time of total knee replacement surgery. The experimental protocols used in this study were approved by the ethics committee of la Rabta hospital, Tunis, Tunisia. Informed consent was obtained from each patient included in this study.


Table 1 | RA Patient characteristics.





Td-FLS Isolation and Culture

RA and OA synovial fragments were washed with sterile phosphate-buffered saline (PBS). The tissues were minced and treated overnight with 1.5 mg/ml of collagenase A (Roche®) in Dulbecco’s modified Eagle medium (DMEM) (Gibco®) at 37°C. Dissociated cells were then centrifuged at 3500 rpm for 3 min, washed and resuspended in DMEM supplemented with 20% fetal bovine serum (FBS) and 1% penicillin- streptomycin (Gibco®). The cell pellet was seeded in T-75 culture flasks (Nunc®) and cultured at 37°C with 5% CO2. After 72h, non-adherent cells were removed, and adherent cells were kept at 37°C in 5% CO2. The medium was replaced every 3 days. After 10-14 days of culture, adherent cells were trypsinized using trypsin-EDTA (Gibco®) and transferred to new flasks with a density of 5.105 cells/flask. Passage 3 cells were morphologically homogenous and were used for experiments.



Fd-FLS Isolation and Culture

RA synovial Fluid was centrifuged at 1000 rpm for 30 min and cell pellets were resuspended in DMEM containing 20% FBS and 1% penicillin-streptomycin in a T-75 flask. After 72h, non-adherent cells were removed by replacing the culture medium with a fresh one, and attached cells were cultured in the above -described culture medium. Passage 3 cells were used for RNA and protein extraction.



Fibrocyte Isolation and Culture

RA Fibrocytes were generated in peripheral blood mononuclear cell (PBMC) cultures. Peripheral blood was mixed with DMEM (2:1), layered over Ficoll/Plaque (Sigma®) and centrifuged at 1800 rpm for 30 min. PBMC were collected, washed then cultured in DMEM supplemented with 20% FBS and 1% penicillin-streptomycin (Gibco®). On the fifth day, DMEM was replaced with a fresh medium. After 14 days, the adherent fibrocytes were trypsinized and transferred in 6 well plates (Nunc®). The viability of the isolated cells was assessed by the trypan blue exclusion method. Fibrocytes were identified based on the previously described criteria: adherent cells with elongated spindle-shaped morphology distinct from lymphocytes or adherent monocytes and oval nuclei (19, 20). Fibrocytes were used on day 17 for RNA and protein extraction.



RA td-FLS Stimulation

RA td-FLS were seeded in 6-well plates at a density of 12 × 104 cells/well and maintained at 5%CO2 for 24h. Cells were treated with recombinant Wnt5a (300 ng/ml) (R&D systems®) and/or recombinant SFRP5 (R&D systems®) for 4h and 24 h. For the combined Wnt5a/SFRP5 treatment, SFRP5 was added 10 min before Wnt5a stimulation. Td-FLS were collected and used for RNA and/or protein extraction.



RNA Isolation and cDNA Synthesis

Total RNA was extracted using the “PureLink® RNA Mini Kit (Invitrogen®) according to the manufacturer’s protocol. Sample concentrations were measured (Nanodrop 2000®). Reverse transcription was realized as follows: 1μl of random primers (Invitrogen®) was added to the RNA solution and incubated 10 min at 70°C followed by 5 min incubation on ice. dNTP, M-MLV, RNase out, 5X buffer and DTT (Invitrogen®) were added to RNA solution, incubated for one hour at 37°C then 10 min at 70°C.



Quantitative PCR

Real-time PCR was performed using ABI7500® qPCR System using the SYBR Green qPCR Kit (Invitrogen®) with the primers listed in Table 2. A reaction volume of 20 μl (2.0 μl cDNA) was amplified for 40 cycles after initial denaturation (95°C, 10 min) with the following parameters: 95°C for 15 s, 60°C for 1min. Specificity was checked and reaction concentration was optimized before sample analysis. Samples were run in duplicate or triplicate, and a relative quantification of mRNA level was performed using glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as an endogenous reference. The basal gene expression between RA td-FLS, RA fd-FLS and fibrocytes were analyzed using the ΔCT method; all other data (stimulation experiments) were presented as fold change using the 2-ΔΔCT method.


Table 2 | Primers (Invitrogen®) used for qPCR.





Western Blotting

Total protein extraction was realized using the “Qproteome mammalian protein prep kit” (Qiagen®) according to the manufacturer’s protocol. Protein concentrations were measured and 40µg of proteins were loaded into an 8% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred into nitrocellulose membranes (Biorad®). Membranes were blocked with 5% nonfat dry milk in PBS-0.5% Tween 20 (PBS-T) at room temperature for 1h, followed by overnight incubation at 4°C with primary antibodies against alpha-1 type I collagen (ColIA1), fibronectin, LRP5, GAPDH or β-actin (R&D systems®). The membranes were washed 3 times with PBS-T and incubated 1h at room temperature with horseradish peroxidase-conjugated secondary antibodies (RnDsystems®). After PBS-T washing, membranes were incubated for 1 min with the enhanced chemiluminescence detection solution (ECL) (Perkin Elmer®) and signals were detected using Biomax MR® Films (Kodak®).



Statistical Analysis

Since sample size is not large enough to verify the normality of the data, significance was determined with a non-parametric Kruskal Wallis test using Graph Pad Prism 6. If the Kruskal Wallis test rejected the null hypothesis a post-hoc test was run for multiple comparisons using XLSTAT. Significance is represented as follows: *p<0.05 and **p<0.01.




Results


Expression of Wnt5a in RA vs. OA td-FLS

To determine whether Wnt5a expression is specific to RA FLS, we first cultured td-FLS from patients with RA or OA for 3 passages (Figures 1A, B). Then, we analyzed the basal mRNA expression of Wnt5a. The real-time PCR showed that Wnt5a was expressed in RA td-FLS but not in OA td-FLS (Figure 1C).




Figure 1 | Comparison of Wnt5a expression in td-FLS from patients with RA and OA: Third passage RA td-FLS (A). Third passage OA td-FLS (B). Wnt5a mRNA expression in RA td-FLS (n=3) and OA td-FLS (n=3) (C). Wnt5a was expressed in RA td-FLS but not in OA td-FLS. ND, Not detected. Results are shown as the mean ± SD.





Phenotypic Identification of RA td-FLS Eventual Precursors: RA fd-FLS and RA Fibrocytes

As for td-FLS, successful fd-FLS and fibrocyte cultures were obtained from synovial fluids and blood of patients with RA. After 3 passages, td-FLS and fd-FLS from patients with RA showed similar morphology with a spindle-shaped appearance and few branched cytoplasmic processes (Figures 2A–D). Cultured fibrocytes had a spindle-shaped morphology with numerous cytoplasmic projections (Figures 2E, F). Since fibronectin and collagen I (colI) are mesenchymal markers, we evaluated their expression in RA td/fd-FLS from passage 3 and RA fibrocytes after 17 days of cultures using Western blot. As shown in Figure 2G, only RA td-FLS and RA fd-FLS expressed fibronectin. The three cell types expressed ColIA1. The higher levels of ColIA1 were observed in RA FLS (td and fd) compared to fibrocytes.




Figure 2 | Light microscopic features and mesenchymal marker expression in td-FLS, fd-FLS and fibrocytes from patients with RA: Spindle-shaped adherent cells started to appear in synovial fluid cultures from patients with RA after few days of culture (C). Third passage fd-FLS showed a spindle-shaped appearance (D) similar to RA td-FLS (A, B). Fibrocytes from PBMC of patients with RA displayed some features of td-FLS, such as a fibroblast-like morphology. Fibrocytes showed cytoplasmic projections and a slim bipolar-shape (E, F) (original magnification ×100). Western blot analysis showed fibronectin, ColIA1 and GAPDH expression in fd-FLS, td-FLS and fibrocytes from patients with RA (G). The Western blots are representative of one experiment out of two.





Expression of Wnt5a and SFRP5 in RA td-FLS, RA fd-FLS and RA Fibrocytes

After obtaining homogenous cultures, we investigated the expression of Wnt5a and SFRP5 genes in td-FLS, fd-FLS and fibrocytes from patients with RA.

No significant difference in Wnt5a transcript level was found between the three cell types (Figure 3A). SFRP5 mRNA was detected in RA td-FLS and RA fd-FLS but not in RA fibrocytes (Figure 3B).




Figure 3 | Expression of Wnt5a and SFRP5 in td-FLS, fd-FLS and fibrocytes during RA. Wnt5a gene level profiles in the three cell types by quantitative RT-PCR: No significant differences were found in mRNA levels (A). SFRP5 mRNA expression: SFRP5 was expressed in td-FLS and fd-FLS but not in fibrocytes (n=3-4) (B). ND, Not detected. Results are shown as the mean ± SD.





Expression of Wnt5a Receptors and Coreceptors in RA td-FLS, RA fd-FLS, and RA Fibrocytes

To examine whether RA td-FLS, RA fd-FLS and RA fibrocytes express receptors/coreceptors for Wnt5a, we analyzed the mRNA expression for Fzd4, Fzd5, Ror2, Ryk and LRP5 by qPCR. As shown in Figure 4, the Fzd5 mRNA level was significantly higher in RA fibrocytes than in td-FLS and fd-FLS. Therefore, no differential expression in Fzd4, Ror2, Ryk and LRP5 level was found between the three cell types.




Figure 4 | Expression of Wnt5a receptors and coreceptors in td-FLS, fd-FLS and fibrocytes during RA: Relative mRNA levels of Fzd4, Ror2, Ryk and LRP5 in the three cell types: No difference was detected between the cells using qPCR analysis (A, C–E). Fzd5 was highly expressed in fibrocytes compared to td-FLS and fd-FLS (n=3-4) (B). Results are shown as the mean ± SD *Statistically significant difference p < 0.05, **statistically significant difference p < 0.01, using non-parametric Kruskal Wallis test with a post hoc test.





Expression of Inflammatory Mediators in RA td-FLS, RA fd-FLS, and RA Fibrocytes

In order to obtain a basic measure of cultured RA td-FLS, fd-FLS and fibrocyte inflammatory profile, we examined the mRNA expression of the inflammatory mediators: IL6, IL1β, IL8, CXCL10, CCL2 and COX2.

We found a significantly higher expression of IL6 in RA fd-FLS compared to td-FLS and fibrocytes (Figure 5A). The mRNA expression levels of IL1β, IL8, CXCL10 and CCL2 were significantly higher in RA fibrocytes than in td-FLS and fd-FLS (Figures 5B–E). Furthermore, IL1β transcript levels were greater in RA fd-FLS when compared to RA td-FLS (Figure 5B). No differential COX2 expression levels were found between the three cell types (Figure 5F).




Figure 5 | Expression of Wnt5a pro-inflammatory targets in td-FLS, fd-FLS and fibrocytes during RA. IL6 was highly expressed in fd-FLS compared to td-FLS and fibrocytes (A). IL1β and CCL2 were expressed by the three cell types (B, E). The higher mRNA levels for IL1β and CCL2 were found in fibrocytes followed by fd-FLS. IL8 and CXL10 expression profiles were greater in fibrocytes than in td-FLS or fd-FLS (C, D). Relative mRNA levels of COX2 in the three cell types (F): No difference was detected between the cells using qPCR analysis (n=3-4). Results are shown as the mean ± SD.*Statistically significant difference p < 0.05 using non-parametric Kruskal Wallis test with a post hoc test.





Effect of Wnt5a on Inflammatory Mediator Synthesis by Activated RA td-FLS

The above findings prompted us to explore the involvement of Wnt5a in the pro-inflammatory activity of RA td-FLS. The Wnt5a stimulated expression profile of pro-inflammatory mediators in RA td-FLS was analyzed using qPCR after 4h and 24h of stimulation.

As shown in Figure 6A, IL1β expression was enhanced robustly, more than 48 times over the untreated cells after 4h of treatment. IL8, IL6, CCL2 and COX2 were also rapidly up-regulated (25.7 fold, 13.7 fold, 8.5 and 7.4 fold respectively). CXCL10 was up-regulated mildly (1.5 fold) after 4 h of treatment. We sought if the inflammatory profile induced by Wnt5a in RA td-FLS was inhibited by the Wnt5a soluble regulator: SFRP5. RA td-FLS cytokine production induced by Wnt5a was enhanced in the presence of SFRP5. The combined Wnt5a/SFRP5 treatment induced a massive expression of IL1β, IL8, IL6, COX2 and CCL2 (65.5 fold, 45,2 fold, 30.1 fold, 24.2 fold and 8.5 fold respectively).




Figure 6 | Effect of Wnt5a on the inflammatory response of RA td-FLS. RA td-FLS (passage 3) were stimulated with recombinant Wnt5a (300 ng/ml) in the presence or absence of SFRP5 (1 mg/ml) for 4 h (A) and 24h (B). Cytokine expression profiles (CCL2, IL8, IL1β, CXCL10 and COX2) were determined in cell culture using qPCR. Gene expression levels in unstimulated cells were assumed to be 1. Data are means ± SD of two independent experiments each performed in triplicates using at least two different lots of each of the recombinant Wnt proteins.



At 24h of Wnt5a stimulation, IL1β, IL8, IL6 and CCL2 expression declined and dropped under the initial levels found in the untreated cells (Figure 6B).



Effect of Wnt5a on the Principal Canonical Wnt Component Expression

Finally, we analyzed whether Wnt5a alone or associated with SFRP5 changed the expression of the principal canonical Wnt elements. We analyzed the gene expression levels of β-catenin and TCF4. We also evaluated the protein expression of the coreceptor LRP5 which is crucial for the canonical Wnt activation.

After Wnt5a stimulation for 4 h and 24 h, no changes in β- catenin expression were observed. The expression of the canonical transcription factor TCF4 decreased after 4h of Wnt5a stimulation and Wnt5a/SFRP5 treatment (Figure 7A). Consistent with this, td-FLS treatment with Wnt5a alone or associated with SFRP5 for 24h diminished the protein expression levels of the canonical coreceptor LRP5. It is worth noting that SFRP5 alone did not elicit LRP5 expression (Figure 7B).




Figure 7 | Effect of Wnt5a on the canonical Wnt pathway activation in RA td-FLS. RA td-FLS (passage 3) were stimulated with recombinant Wnt5a (300 ng/ ml) in the presence or absence of SFRP5 (1 mg/ml) for 4 h and/or 24h. Intracellular regulator expression profiles (β- catenin and TCF4) were determined in cell culture using qPCR (A). Gene expression levels in unstimulated cells were assumed to be 1. Results are shown as the mean ± SD of two independent experiments each performed in triplicates using at least two different lots of each of the recombinant Wnt proteins. The protein abundance of LRP5 was studied by Western blot analysis after 24h of stimulation (B). The Western blot is representative of one experiment out of two.






Discussion

RA is an acquired disorder that results from the concerted actions of different cell types both in the inflamed joint and in the circulation. RA td-FLS have a key role in all principal features of RA including hyperplasia and inflammation (3). Since neither increased proliferation nor inadequate apoptosis are totally responsible for the accumulation of RA td-FLS in the joint and synovial hyperplasia, there is certainly a cell migration phenomenon of progenitors from the blood to the synovium. The paper by Galligan and colleagues suggests that circulating fibrocytes are precursors of td-FLS and their activation in the circulation may be indicative of subsequent synovial inflammation and joint destruction (21). In a previous study, we showed that synovial fluid from RA patients gives rise to fd-FLS that contribute to the progression of RA (22). It is possible that fd-FLS derived from circulating fibrocytes (5).

As td-FLS are important in the pathogenesis of RA, the identification of endogenous molecules that regulate td-FLS function is of paramount importance. The evidence accumulated to date shows that the Wnt signaling pathway plays a critical role in the pathogenesis of RA. In fact, some members of the Wnt pathway, such as Wnt5a, have been identified in the synovial tissue and serum of patients with RA (9). Firstly, we found that Wnt5a expression was restricted to td-FLS from RA patients. Our results are consistent with Sen and colleague’s study showing that RA tissues express high gene levels of Wnt5a whereas OA tissues express either much less or almost no detectable Wnt5a mRNA (4). Subsequently, we demonstrated that Wnt5a was expressed in the two eventual precursors of td-FLS: fd-FlS and fibrocytes during RA.

Surprisingly, it has been possible to show greater expression of Wnt inhibitors such as SFRP in blood and synovial tissues during RA (23). Our data, demonstrated that SFRP5 was expressed in RA td-FLS, RA fd-FLS but not in RA fibrocytes. Indeed, as was shown by Kwon and colleagues, both RA td-FLS and PBMC express SFRP5 (24). SFRP can prevent Wnt interaction with some Fzd receptors and decrease Wnt signaling. However, in some contexts, SFRP proteins could facilitate Wnt signaling by enhancing Wnt diffusion (14, 23).

Recent reports identified Wnt5a to interact with various members of the Fzd receptor family (Fzd 4, 5, 8) as well as the receptors Ror2 and Ryk (9, 13, 25). Our data revealed that td-FLS, fd-FLS and fibrocytes expressed several Wnt5a receptors: Fzd4, Fzd5, Ror2, Ryk and the coreceptor LRP5 during RA. Interestingly, our study demonstrated that the expression profile of Fzd5 was particularly higher in fibrocytes compared to td-FLS and fd-FLS during RA. A previous report demonstrated that Fzd5 is expressed in RA tissues. Furthermore, Fzd5 levels are higher in RA synovium in comparison to osteoarthritis and normal adult synovium. This Wnt5a receptor plays an important role in FLS-mediated inflammatory response. RA td-FLS treatment with a polyclonal antibody specific for the extracellular domain of Fzd5 blocks IL6 and IL15 expression at both RNA and protein levels (9). Fzd5 plays a pivotal role not only in inflammation but also in cell migration (26). Considering all these results, Fzd5 may constitute one of the receptors involved in fibrocyte migration into the inflamed joint during RA.

Several research lines suggest that the Wnt5a-mediated signaling plays an important role in the induction of cytokines and other pro-inflammatory molecules in many cell types including neutrophils, monocytes, and endothelial cells (27–29). To understand the functional role of Wnt5a in vitro, RA td-FLS were stimulated with Wnt5a for 4 h and 24 h.Our data showed that Wnt5a enhanced rapidly the expression of IL1β, IL6, IL8, CCL2, CXCL10 and COX2 in RA td-FLS. According to Sen and colleague’s study, the transfection of RA td-FLS with either an antisense Wnt5a vector or a dnWnt5a down-regulates cytokine expression (9). Our data clearly demonstrated a robust induction of IL1β in response to Wnt5a in RA td-FLS. This cytokine plays a key role in invasiveness, inflammation and FLS activation (30). It may promote the formation of osteoclast‐like cells that can enlarge channels between the bone marrow and the synovial cavity (9). Wnt5a stimulated the expression of three important chemokines: IL8, CCL2 and CXCL10; it might stimulate leukocyte migration, predominantly neutrophils and fibrocytes (30).

Although the role of the inhibitor SFRP5 was characterized in some cell types, there is little to no evidence about its inflammatory function in RA td-FLS. Surprisingly, we found that RA td-FLS cytokine production induced by Wnt5a was not inhibited but enhanced in the presence of SFRP5. This observation is consistent with a previous report by Yu and colleagues who demonstrated that SFRP5 enhances the pro-inflammatory activity of Wnt5a in macrophages (31). In fact, IL12, IL6 and TNF levels were higher in macrophages treated with Wnt5a associated with SFRP5 than in macrophages stimulated by Wnt5a alone. A similar picture was seen when macrophages are treated with Wnt5a associated with the canonical inhibitors: SFRP1 or Dickkopf 1. These observations indicate that there is, in fact, a direct link between the pro-inflammatory effect of Wnt5a and the inhibition of the canonical Wnt pathway. In our study, we measured the gene expression of TCF4 and β-catenin after cell treatment. We were able to detect a decrease in the canonical transcription factor: TCF4 levels after Wnt5a addition alone or associated with SFRP5. However, we did not observe changes in β-catenin expression after cell stimulation. Our data agree with a previous report by Mikels and Nusse. The authors described that Wnt5a protein treatment has no effect on β-catenin levels but rather inhibits canonical Wnt signaling at the level of TCF transcription (25). Other researchers found that Wnt5a inhibits the canonical Wnt signaling by diminishing the gene expression of Axin2 which is an important element in the canonical cascade (31). In this study, we limited our exploration to an evaluation of the mRNA expression of β-catenin and we did not assess the phosphorylated form of this protein in RA td-FLS after Wnt5a and SFRP5 treatment. It is also believed that Wnt signaling pathways can act in an antagonistic manner. Various noncanonical Wnt signaling mechanisms have been reported to inhibit the β-catenin pathway by increasing β-catenin turnover or decreasing β-catenin/TCF association with DNA (32). It will also be interesting to explore the noncanonical Wnt pathways after cell treatment with Wnt5a and SFRP5.

Finally, we examined the effects of Wnt5a and SFRP5 on the canonical coreceptor LRP5. Our results indicated that the addition of Wnt5a alone and in conjunction with SFRP5 induced a clear drop in LRP5 protein expression. In fact, Wnt5a can activate the canonical and the noncanonical pathways depending on the cell type or the repertory of available receptors (13, 25, 33). A study conducted by Mikels and Nusse showed that Wnt5a activates the canonical Wnt pathway in the presence of both Fzd4 and LRP5. However, the interaction between Wnt5a and Ror2 inhibits the canonical Wnt pathway and activates a noncanonical Wnt signaling (25). The diversity of receptors that interact with Wnt and transduce their signals is matched by an equally diverse set of proteins that modulate Wnt activity in the extracellular space (34). Several molecules, including SFRP, act by forming nonfunctional complexes with some Wnt receptors and then reduce the possibilities of interaction between Wnt molecules and those receptors (35). As previously noted, noncanonical Wnt signaling can inhibit β-catenin transcriptional activity (32). Such a mechanism could be activated by some SFRP, such as SFRP5, via blocking particular receptors to enhance the interaction between Wnt and some noncanonical receptors (36). This could be the reason behind the enhanced pro-inflammatory response of Wnt5a when associated with SFRP5. The contradictory results between the studies that used recombinant SFRP5 (31) and the studies based on SFRP5 gene silencing (24) could perhaps be explained by the role of SFRP5 protein in controlling Wnt5a-Wnt receptor interactions.

Certain limitations should be considered in our study. The first limitation was related to the small number of RA patients and samples. While increasing the number of synovial fluid and blood samples was possible, it was difficult to obtain more fresh synovial tissue specimens for td-FLS cultures. Recent advances in managing patients with RA have resulted in reduced access to synovial tissues for researchers. A second limitation of our study was inherent to the exclusive use of cell cultures, which is known to be unable to recapitulate the full pathogenesis of RA. The third limitation was the absence of an evaluation of Wnt5a and SFRP5 effects on normal or OA td-FLS pro-inflammatory response. The findings may not be similar in non- RA cells, perhaps due to the unique aggressive characteristics of RA FLS and the cellular context. In addition, our study was limited to the evaluation of mRNA expression of the pro-inflammatory targets after Wnt5a and SFRP5 treatment. The evaluation of cytokine secretion in the supernatant remains to be established to firmly establish the importance of the Wnt5 pathway involvement in RA-FLS mediated inflammation.



Conclusion

The findings of this study indicate that td-FLS and their eventual precursors: fd-FLS and fibrocytes express Wnt5a signaling elements during RA. The pro-inflammatory effects of Wnt5a on td-FLS are enhanced in the presence of SFRP5. Furthermore, the association of Wnt5a with SFRP5 stimulates RA td-FLS response through mechanisms involving the inhibition of TCF4 and LRP5. We provide Wnt5a signaling a new argument for a potential target of td-FLS-directed RA therapy.
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Allergic bronchopulmonary aspergillosis (ABPA) is an immunological pulmonary disorder caused by hypersensitivity to Aspergillus which colonizes the airways of patients with asthma and cystic fibrosis. Its diagnosis could be difficult in some cases due to atypical presentations especially when there is no medical history of asthma. Treatment of ABPA is frequently associated to side effects but cumulated drug toxicity due to different molecules is rarely reported. An accurate choice among the different available molecules and effective on ABPA is crucial. We report a case of ABPA in a woman without a known history of asthma. She presented an acute bronchitis with wheezing dyspnea leading to an acute respiratory failure. She was hospitalized in the intensive care unit. The bronchoscopy revealed a complete obstruction of the left primary bronchus by a sticky greenish material. The culture of this material isolated Aspergillus fumigatus and that of bronchial aspiration fluid isolated Pseudomonas aeruginosa. The diagnosis of ABPA was based on elevated eosinophil count, the presence of specific IgE and IgG against Aspergillus fumigatus and left segmental collapse on chest computed tomography. The patient received an inhaled treatment for her asthma and a high dose of oral corticosteroids for ABPA. Her symptoms improved but during the decrease of corticosteroids, the patient presented a relapse. She received itraconazole in addition to corticosteroids. Four months later, she presented a drug-induced hepatitis due to itraconazole which was immediately stopped. During the monitoring of her asthma which was partially controlled, the patient presented an aseptic osteonecrosis of both femoral heads that required surgery. Nine months after itraconazole discontinuation, she presented a second relapse of her ABPA. She received voriconazole for nine months associated with a low dose of systemic corticosteroid therapy with an improvement of her symptoms. After discontinuation of antifungal treatment, there was no relapse for one year follow-up.




Keywords: allergic bronchopulmonary aspergillosis, Aspergillus fumigatus, antifungal therapy, drug toxicity, uncontrolled asthma



Introduction

Fungal pulmonary infections are rare in immunocompetent patients. These infections can be caused by several pathogens such as Aspergillus, Pneumocytis jirovecii and Cryptococcus. However, even immunocompetent patients can be affected by these pathogens. In fact, they can affect patients with chronic bronchopulmonary pathologies such as asthma, cystic fibrosis and chronic obstructive pulmonary disease (1). The most frequent pathogen associated with fungal pulmonary infections is Aspergillus, which is a saprophytic mold isolated abundantly from soil, construction sites and hospitals (1, 2). There are three clinical presentations of pulmonary aspergillosis: chronic pulmonary aspergillosis (CPA), invasive pulmonary aspergillosis (IPA) and allergic bronchopulmonary aspergillosis (ABPA) (3). Depending on the interaction between the pathogen and its host, pulmonary aspergillosis can lead to one of these clinical presentations (4). The estimated worldwide global rate of ABPA among asthmatic adult patients is 2,5% (5, 6), however only some cases are reported in Tunisia (7). ABPA is most often associated with severe uncontrolled asthma (5, 6) and drug toxicity is frequently reported during therapeutic management. We report a case of ABPA in a patient with a medical history of an allergic rhinitis, with no respiratory symptoms and who developed drug toxicity to corticosteroids then to itraconazole. Thus, we emphasize the challenges in diagnosing and treating ABPA due to its atypical clinical presentations and significant drug toxicity associated with its therapeutic management.



Case Presentation

A 72-year-old woman, non-smoker, consulted in December 2017, an office-based pulmonologist for acute bronchitis with wheezing dyspnea. In her medical history she reported an allergic rhinitis diagnosed in childhood without respiratory symptoms. She was sensitized to some pollen types which were not specified. She is of French origin and living in Tunisia for thirty years. She had no respiratory nor rhinitis symptoms since she came in Tunisia and until she developed a bronchitis in December 2017. This bronchitis was resistant to symptomatic treatment and short-term systemic corticosteroid therapy. The patient was hospitalized in an intensive care unit for an acute respiratory failure due to her bronchitis. A chest X-ray (face and profile, Figure 1) showed a left hilo-axillary linear opacity with retraction signs evoking atelectasis. Her blood tests didn’t show a biological inflammatory syndrome (CRP= 11mg/l; white blood cells= 9780/mm3 with an eosinophilic count= 939/mm3). Chest computed tomography (CT) confirmed the diagnosis of atelectasis and showed segmental collapse of the lingula and posterior segment of the left basal pyramid with no parenchymatous lesion (Figure 2). Flexible bronchoscopy revealed a complete obstruction of the left primary bronchus by a sticky greenish material that could be removed (Figure 3). Bacterial culture of this material isolated Pseudomonas aeruginosa and the patient received consequently an antibiotherapy associating Levofloxacin and Cefpodoxime for two weeks, with partial improvement in respiratory symptoms. The mycological culture isolated Aspergillus fumigatus. Aspergillus serology (IgG) was positive at 12 AU/mL (ELISA,Biorad®). Total IgE count was 233 IU/ml (ELFA, Biomérieux®). Aspergillus fumigatus specific IgE and Aspergillus skin testing were not done. During pulmonary function test, the forced vital capacity (FVC) was at 1,97 l (82%) and forced expiratory volume in one second (FEV1) was at 1,60 l (81%). The diagnosis of ABPA associated to an asthma was established. The patient received a high-dose regimen of oral corticosteroids for five weeks (1 mg/kg/day: 80mg of prednisone for one week then 40mg for one week then 20mg for one week then 10mg for one week then 5mg for one week) and an inhaled association of long-acting bronchodilator and a high dose of corticosteroids (salmeterol and fluticasone). When searching for mold exposure in the patient’s medical history, we discovered her gardening activities and that she had multiple indoor plants at her house. In addition to medical treatment, it was recommended that the patient should remove all the indoor plants. The evolution has been marked by the disappearance of respiratory symptoms and of the atelectasis on chest x-rays and the decrease in the eosinophils’ count (282/mm3). However, during the decrease of corticosteroid therapy dosage, she presented a relapse of her respiratory symptoms at the dose of 5mg of prednisone per day. She consulted in March in our department. The itraconazole was prescribed in association with corticosteroid therapy (medium-dose regimen: 0,5 mg/kg/day; 40mg of prednisone for one month then 30mg for one month then 25mg for two weeks then 20mg for two weeks then 15mg for two weeks, then 10mg for two weeks). After four months of anti-fungal treatment, the patient developed a jaundice with an intense deterioration of her general condition. Liver biological tests showed significant hepatic cytolysis (AST= 485 IU/L, ALT= 182 IU/L) and cholestasis (Gamma-GT= 933 IU/L, Alkaline phosphatse= 758 IU/L). After exclusion of the intake of any other treatment associated to drug liver toxicity, the diagnosis of an acute liver failure due to a drug-induced hepatitis associated to the anti-fungal treatment was established. As a result, the itraconazole was immediately stopped. At that time, the titer of Aspergillus fumigatus specific IgE was 0.59 KUA/L (FEIA,Thermaoscientific/Phadia®), hence the decision to continue inhaled asthma treatment and to continue monitoring the patient. For the next seven months, the patient’s asthma was partially controlled. The patient developed a right hip joint pain and a lameness. The various explorations concluded to an aseptic osteonecrosis of both femoral heads. The patient underwent surgery for her right hip. In May 2019, the patient presented acute bronchitis with mucus produced by coughs. She had persistent respiratory symptoms which were resistant to antibiotherapy and short-term systemic corticosteroid therapy. Chest X-ray showed an atelectasis in the left lower lobe. Flexible bronchoscopy revealed a mucus plug at the left lower lobar bronchus. The middle lobar bronchus had a reduced caliber and was non-catheterizable. Chest CT revealed alveolar opacities associated with bronchiectasis in the posterior and medial segment of the right basal pyramid and lateral segment of the middle lobe (Figure 4). During bronchoscopy, the plug has been removed and cultures done. Bacterial culture of this material was negative. The mycological culture isolated Aspergillus fumigatus. In vitro susceptibility testing against voriconazole was performed using E-test (Biomérieux®). This strain was susceptible to Voriconazole (MIC: 0.38µg/mL). Total IgE count was at 301 IU/ml, eosinophilic count was at 159/mm3. The titer of Aspergillus fumigatus specific IgE was at 13.90 KUA/L. Voriconazole was prescribed in addition to a step up in the patient’s asthma treatment. The patient received antifungal treatment for nine months in addition to a low dose of systemic corticosteroid therapy (prednisone 10mg/day) and an inhaled long-acting anticholinergic (tiotropium) in association to montelukast and an inhaled association of long-acting bronchodilator and a high dose of corticosteroids. The Aspergillus fumigatus specific IgE decreased to 2 KUA/L. The pulmonary function test results improved [FVC=2,38 l (90%) and FEV1 = 1,98 l (96%)]. After discontinuation of antifungal treatment, there was no relapse for one year follow-up.




Figure 1 | Left hilo-axillary linear opacity associated with retraction signs evoking atelectasis on chest-ray face and profile.






Figure 2 | Chest CT scan image showing segmental aerated collapse of the lingula.






Figure 3 | Complete obstruction of the left strain bronchus by sticky greenish material in flexible bronchoscopy.






Figure 4 | Chest CT scan image showing alveolar opacities associated to bronchiectasis in posterior and medial segment of the right basal pyramid.





Discussion

ABPA is caused by hypersensitivity to Aspergillus fumigatus (8). It is frequently associated with severe and uncontrolled asthma or cystic fibrosis. The small conidia of Aspergillus fumigatus can easily enter the airways. Exposure to large numbers of conidia may cause ABPA (9, 10), but not all asthmatics develop ABPA despite being exposed to the same environmental factors. This means that other factors play a role in the pathogenesis of ABPA (9). In a genetically predisposed individuals, inhaled conidia of Aspergillus fumigatus germinate into hyphae with release antigens that activate the innate and adaptive immune responses (Th2 CD4+ T cell responses) of the lung (9, 10).

When treating ABPA, exposure to molds in the patient’s environment must be investigated to indicate remediation. This is important to prevent relapse after discontinuation of treatment, which was the case for our patient. The first publication about ABPA as an entity was in 1952, from the United Kingdom (11). A decade later, the second case of ABPA was described in the United States (12, 13). The diagnosis of this disease is still difficult, particularly during atypical clinical presentations which was the case of our patient, who had an allergic rhinitis and no prior asthma history or diagnosis. In fact, up to one third of patients with controlled asthma had a relatively asymptomatic ABPA, and the diagnosis is discovered during routine testing (14). Moreover, some clinical presentations are confusing such as the case reported by Savi and al. and where the diagnosis of ABPA was established in a previously healthy male (15). Also, in a nationwide Japan survey, 19% of patients diagnosed with ABPA had no medical history of asthma (16). ABPA is due to an inflammatory pulmonary disorder which often causes non-specific symptoms such as chronic cough, wheezing and recurrent pulmonary infiltration (8). It may be associated to other symptoms such as fever, weight loss, deterioration of general condition, hemoptysis, chest pain and night sweats (17). Expectoration of yellowish-green lumps of mucus is characteristic of ABPA and can be observed in half of the cases (8) which was the case of our patient. The chest X-ray may be normal in the early stages of the disease and can reveal some abnormalities such as “Tramline shadows” and “finger-in-glove opacities” which are temporary patterns corresponding to bronchial wall edema and thickening; “Toothpaste shadows” which are also transient and indicate mucus plugs within bronchi; “parallel line shadows” which appear when the mucus plugs are expectorated (18, 19). In the case of our patient, the chest X-ray showed a linear opacity due to an atelectasis during the first consultation and during the relapse. The chest CT confirmed the diagnosis of segmental collapse during the first consultation and showed bronchiectasis during the relapse. Flexible bronchoscopy has an important place particularly in patients with atelectasis to rule out malignant etiologies. It also allows bacteriological and mycological samples. Sputum or bronchial fluid cultures are positive for Aspergillus in nearly 40–60% of cases (20, 21). The presence of Aspergillus fumigatus in the sputum culture is not sufficient to confirm the diagnosis of ABPA as this fungus is human saprophyte and can be present in other pulmonary diseases (9, 10). Sputum cultures can contribute to the diagnosis by isolating Aspergillus and by performing in vitro antifungal-susceptibility testing and molecular testing for resistance, of the isolated strains (9, 10, 22). In a study involving 13 countries from four continents, 6% of the 2026 isolates of A. fumigatus were triazole resistant using molecular tools (23). This resistance prevalence varies in its geographic distribution. For example, in a French study, the prevalence of Aspergillus fumigatus azole resistance in patients with cystic fibrosis was detected in 6.8% of cases (24). However, in an English study, the azole resistance prevalence was higher. Resistance to at least one azole antifungal drug was confirmed in 13.2% of included patients among whom 16.2% had cystic fibrosis (TR34/L98H was identified in 27.3% of azole-resistant isolates) (25). Furthermore, the association of Pseudomonas aeruginosa and Aspergillus fumigatus has been reported in the literature. Both microbes are responsible for considerable morbidity and mortality particularly in patients with cystic fibrosis, among whom the co-infection accelerates the lung disease progression (26). In fact, metabolite exchange and intermicrobial competitions between both germs have been studied to better explain the important morbidity and mortality due to their association (27).

When the diagnosis of ABPA is suspected, some biological investigations are used for the diagnosis and monitoring of ABPA. The relevant tests are eosinophil count, total serum IgE level, serum IgE antibodies specific to Aspergillus fumigatus and serum precipitins or specific IgG against Aspergillus fumigatus (9, 14). First, blood eosinophil count should be checked and a level over 500 cell/L can help to establish the diagnosis. Our patient had an elevated eosinophilic count (939/mm3). However, high eosinophil counts can be detected in many other diseases and normal levels are reported in patients with ABPA receiving corticosteroids (14). It is known that the pulmonary eosinophilia is far greater than in peripheral blood; thus, a low eosinophil count does not exclude ABPA (9, 28). The measurement of the serum total IgE level is an accurate and important test for the diagnosis and the follow-up of ABPA (10). Active ABPA is generally excluded when serum IgE is normal (9, 10). For the cut-off value of IgE level that should be used in the diagnosis of ABPA, there is no consensus, and it remains uncertain (9). In addition, the reported IgE values in different units (IU/mL, ng/mL) could lead to false interpretation (9). Some laboratories employ 417 IU/mL as a cut-off value, while others use a value of 1000 IU/mL (29). So, a validation of the IgE cutoff value across all populations is required since it could be influenced by both risk of exposure to Aspergillus antigens and ethnicity (9, 18). Despite this, the most sensitive investigation in the diagnosis of ABPA is currently the detection of high levels of serum IgE antibodies specific to Aspergillus fumigatus (>0.35 kUA/l). This test is also considered the preferred one for screening asthmatic patients for ABPA (6, 9, 10). When our patient had the first relapse, the serum specific IgE were high with a value of 13.9 KUA/L. Although the detection of IgE antibodies specific to Aspergillus fumigatus is useful for the diagnosis, it is less helpful in the follow up of patients (10). In addition, serum precipitins or specific IgG against Aspergillus fumigatus are detected in 69–90% of cases of ABPA (9, 30). In our case, the patient had positive specific IgG, but the technics used are not equal. In fact, double gel diffusion technique for the detection of Aspergillus fumigatus-specific IgG has a limited sensitivity (27%) in the diagnosis of ABPA, whereas, commercial enzyme immunoassays have a sensitivity exceeding 90% (10, 30).

The diagnosis of ABPA is confirmed when the case presentation meets the criteria established in 2013 by the ABPA Working Group of the International Society for Human and Animal Mycology. If total IgE level are over 1000 IU/mL, two among three criteria are sufficient for establishing the diagnosis of ABPA: positive serum precipitins/Aspergillus fumigatus IgG, eosinophil count >500 cell/L, chest CT consistent with ABPA (mucus impaction, tree-in-bud pattern, centrilobular nodules, mosaic attenuation (31); high attenuation mucus, pathognomonic for ABPA (9, 32); segmental, lobar and total lung collapse due to mucus plugs (33–35); central or peripheral bronchiectasis). Patients with a total IgE levels under 1000 IU/mL, who, otherwise, meet all the remaining criteria are also diagnosed with ABPA (9). This is the case for our patient who had a total IgE level under 1000 IU/mL. In the different cases reported in Tunisian patients, total IgE level was also under 1000 IU/mL (7). Patients with uncontrolled asthma and positive skin prick test to Aspergillus or IgE sensitization to Aspergillus and who have a total IgE levels under 1000 IU/mL, without meeting all the other criteria may be diagnosed with severe asthma with fungal sensitization. A normal total IgE level or a negative screening test in a glucocorticoid-naïve patient potentially excludes the diagnosis of ABPA (9).

Different therapeutics have shown their efficiency in the treatment of ABPA. Glucocorticoids are the first molecules to be used. A randomized trial showed that the medium-dose regimen and high-dose regimen are both effective against ABPA with less side effects for the medium-dose regimen (36). In the medium-dose regimen, prednisolone is prescribed in monotherapy for a total duration of three to five months (0.5 mg/kg/day for two weeks, then on alternate days for eight weeks, then 5 mg less every two weeks) (37). When a patient is on glucocorticoids and still has recurrent exacerbations or worsening pulmonary function test or become glucocorticoid-dependent, antifungal therapy could be added (37, 38). In our case, the patient presented a severe complication of glucocorticoid treatment which is aseptic osteonecrosis of both femoral heads requiring surgery. Itraconazole is usually used with or without glucocorticoids for at least six months, at a dose of 200 mg twice a day (38). It requires frequent liver enzymes level monitoring because of its toxicity (38). In fact, itraconazole can cause liver toxicity which was the case of our patient. Other oral azoles such as voriconzaole and posaconazole are also effective in ABPA and can be used when itraconzaole is toxic or contraindicated (39). However, when there is a drug toxicity due to one molecule of azole, there is a risk of a cross-azole toxicity. So alternative approaches to antifungal treatment, in ABPA, that avoid systemic effects were tested and inhaled amphotericin B has been explored with varying results in uncontrolled studies (40, 41). In our case, inhaled amphotericin B was not available and voriconazole was used without a cross-azole toxicity. It led to remission without relapse after discontinuation of antifungal therapy. Furthermore, omalizumab has also proven its efficacy in ABPA, compared to long-term glucocorticoids and it can be administered even in cases with high level of IgE (42). In the case of acute lung collapse, broncho-alveolar lavage during rigid or flexible bronchoscopy helps the lung re-expansion and significant improvement of ABPA symptoms (33, 43). For patients with thick sputum, chest physiotherapy and nebulized hypertonic saline solution improve the symptoms (44, 45). Patients should be examined every two months with chest radiography and total serum IgE levels until remission (9). Exacerbation is confirmed when the baseline total IgE levels doubles with clinical or radiological deterioration (9). Response to therapy is defined by a minimum of 25% decrease in total IgE levels with clinical and radiological improvement and remission is confirmed when the patient has no exacerbations for at least six months after stopping all therapeutics (9). However, it has not been demonstrated that there are benefits of treating ABPA diagnosed on routine investigation in asymptomatic patients with well controlled asthma. Long-term prognosis of patients with ABPA is still not clear (46). But early detection of the disease and prescription of treatments lead to a good prognosis (47). Untreated patients progress to irreversible lung fibrosis and respiratory failure (48).



Conclusion

We report a case of ABPA occurring in a woman with a prior history of atopic rhinitis but without known history of asthma. She was exposed to a high indoor and outdoor fungal load. We emphasize the importance of an early diagnosis in order to prevent long-term morbidity associated with the irreversible changes that occur with untreated ABPA. This case highlights the challenges of establishing the diagnosis of ABPA and especially the challenges faced during its therapeutic management due to glucocorticoids’ and triazoles’ significant side effects and drug toxicity. Management of ABPA must include mandatory Aspergillus exposure remediation to prevent relapse after discontinuation of treatment.
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X-linked severe combined immunodeficiency (X-SCID) is caused by mutations of IL2RG, the gene encoding the interleukin common gamma chain (IL-2Rγ or γc) of cytokine receptors for interleukin (IL)-2, IL-4, IL-7, IL-9, IL-15, and IL-21. Hypomorphic mutations of IL2RG may cause combined immunodeficiencies with atypical clinical and immunological presentations. Here, we report a clinical, immunological, and functional characterization of a missense mutation in exon 1 (c.115G>A; p. Asp39Asn) of IL2RG in a 7-year-old boy. The patient suffered from recurrent sinopulmonary infections and refractory eczema. His total lymphocyte counts have remained normal despite skewed T cell subsets, with a pronounced serum IgE elevation. Surface expression of IL-2Rγ was reduced on his lymphocytes. Signal transducer and activator of transcription (STAT) phosphorylation in response to IL-2, IL-4, and IL-7 showed a partially preserved receptor function. T-cell proliferation in response to mitogens and anti-CD3/anti-CD28 monoclonal antibodies was significantly reduced. Further analysis revealed a decreased percentage of CD4+ T cells capable of secreting IFN-γ, but not IL-4 or IL-17. Studies on the functional consequences of IL-2Rγ variants are important to get more insight into the pathogenesis of atypical phenotypes which may lay the ground for novel therapeutic strategies.




Keywords: Interleukin-2 receptor gamma, combined immunodeficiency, hypomorphic mutations, hyper-IgE, inborn error of immunity



Introduction

X-linked severe combined immunodeficiency (X-SCID) is a life-threatening inborn error of immunity, accounts for approximately half of all cases of SCID (1–5). Most infants with SCID die within their first year of life in the absence of immune reconstitution via hematopoietic stem cell transplantation, due to severe and recurrent infections that begin in the first months of life, frequently associated with diarrhea and growth retardation. The infections may be viral, bacterial, and/or fungal, and vaccination with BCG may lead to disseminated infection (6).

X-SCID is caused by hemizygous pathogenic variants of the interleukin 2 receptor gamma (IL2RG) gene, organized in eight exons that encode the common γ chain, (IL-2Rγ or γc, also known as CD132), which is a part of the IL-2 high-affinity receptor and several interleukin receptors, including those for IL-4, IL-7, IL-9, IL-15 and IL-21 (7, 8). The γc protein is expressed on the surface of lymphoid, myeloid, and hematopoietic progenitor cells. The extracellular domain of the chain is encoded by exons 1–5, followed by a transmembrane domain encoded by exon 6, while the two last exons encode the intracellular portion which can cooperate with the Janus kinase family member 3 (JAK3) (9, 10), a signaling kinase that interacts with other JAK and STAT proteins in complex signal transduction through common gamma chain of cytokine receptor subfamily (11). These receptors’ engagement is crucial to lymphocyte activation, proliferation, and function. Impaired signaling downstream of IL-7 (12) and IL-21 (13–17) explains, at least in part, the absence of T cells and impaired B-cell function, respectively, of X-SCID patients. Altogether, the absence of normal IL-4, IL-7, IL-9, IL-15, and IL-21 signaling leads to the almost complete absence of T and NK cells, with nonfunctional B cells observed in the typical T-B+NK- X-SCID patients carrying amorphic mutations of IL2RG (4, 6). On the other hand, atypical cases of X-SCID have been described in male patients carrying hypomorphic mutations of IL2RG, resulting in either a residual expression of γc protein with a weaker affinity for IL-2, or a weaker interaction of γc with the downstream kinase JAK3 leading to an impaired signaling (18–21).

The pathogenic genetic variations causing X-SCID are found throughout the IL2RG sequence, with missense mutations being the most common ones, followed by nonsense mutations and insertions/deletions (7). Mutations resulting in a complete absence of IL-2Rγ expression are likely to result in the classical X-SCID phenotype. On the other hand, missense mutations in the IL2RG locus have been mainly associated with less severe phenotypes referred to as “leaky or atypical X-SCID” (22–24). Furthermore, some atypical X-SCID cases with hypomorphic mutations may display, later in life, chronic lung diseases, warts, and recurrent respiratory and gastrointestinal tract infections, as well as other atypical clinical manifestations (25).

We report the case of a male child with an atypical clinical presentation carrying to a missense mutation of IL2RG gene, with normal T, B, and NK cell counts, high serum IgE levels, persistent eczema, and recurrent sinopulmonary infections. We performed a deep immunophenotyping and functional tests to better characterize the impact of this IL2RG variation. This report adds to the ever-growing knowledge on atypical X-SCID disorders and contributes to a better understanding of the clinical variability associated with the IL2RG gene defect.



Results


Case Presentation

The patient, a 7-year-old Algerian male born to unrelated healthy parents, was admitted to the department of pediatrics at Beni Messous University Hospital due to recurrent sinopulmonary infections and treatment-resistant eczema. He was born at term by cesarean section with a birth weight of 3400g and received all the routine vaccinations with no noticeable complications. Besides moderate growth retardation, his mental and psychomotor development was normal. Recurrent upper and lower respiratory tract infections began at four years of age, requiring antibiotic therapy and hospitalization. In addition, the patient had several episodes of ear, nose, and throat (ENT) infections with a marked increase of C-reactive protein (CRP) concentration. He suffered from severe eczema since the age of 4 years, refractory to topical corticosteroids; one year later, he also developed a cutaneous leishmaniasis treated successfully with pentavalent antimonial salts (meglumine antimoniate) by parenteral administration. Investigation of his family history (Figure 1A) revealed that two of his maternal uncles displayed similar clinical manifestations, with one of them who has been treated for a celiac disease and who died of infectious complications at 22 years of age, while the other one, who was treated for bronchiectasis and severe refractory eczema, died at the age 28 years.




Figure 1 | (A) Family pedigree of the patient. (B) Sanger sequencing confirmed the presence of the mutation in exon 1 (c.115G>A; p.Asp39Asn). The heterozygous (mother) and WT states. (C) Scarring alopecia, hypotrichosis with ringworm of the scalp. (D) Schematic diagram of the IL-2RG protein, with its extracellular (EC), transmembrane (TM), intracellular (IC) domains. In red the mutation carried by the patient and in black the positions affected by the mutations already described in the literature.



The patient who was underweight exhibited during the first physical examination, at the age of 6 years, a ringworm of the scalp accompanied by hair loss (Figure 1C), and an eczema present on his ears, elbow folds, and bursae. His first blood test (Table 1) showed a high white blood cell (WBC) count 13800/mm3 (neutrophils 57%, lymphocytes 21%, monocytes 6.5%, eosinophils 15.5%), and normal liver and kidney function tests. Measurement of serum immunoglobulin concentrations showed a pan-hypergammaglobulinemia: IgG 1755 mg/dL (normal or elevated IgG subclasses), IgA 219 mg/dL, IgM 145 mg/dL, and IgE 31120 IU/mL. A flow cytometry analysis of the different lymphocyte subsets (Supplementary Figure S1) revealed normal numbers and frequencies of CD3+ T cells 84% (absolute count 2434/mm3), CD3+CD8+ T cells 61.5% (1782/mm3), CD19+ B cells 9.5% (275/mm3), and CD56+NK cells 6.5% (188/mm3). However, the patient had low numbers of CD3+CD4+ T cells 15.5% (449/mm3), with inverted CD4+/CD8+ ratio (0.25).


Table 1 | Immunologic characteristics of the patient with hypomorphic/atypical X-SCID.



Further characterization of the lymphocyte subpopulations (Table 1) showed a substantial shift towards a memory phenotype (Supplementary Figure S2) with an increased percentage of CD45RO+ CD4+ and CD45RO+ CD8+T cells, low percentages of naïve T cells (CCR7+CD45RA+), and high percentages of CD4+ and CD8+ effector memory T cells (TEM) (CCR7-CD45RA-) (Supplementary Figure S3). By contrast, the frequency of CD4+ T cells displaying the phenotypical characteristics of recent thymic emigrants (RTE) (CD4+CD45RA+CD31+) was in the normal range (Supplementary Figure S4). similarly, the evaluation of peripheral B lymphocytes demonstrated a normal distribution of B cell subsets (Supplementary Figure S5). In fact, despite an expansion of CD19+CD21–/low B cell subset, the Percentages of naïve B cells (CD19+IgD+CD27-), switched and unswitched memory B cells (CD19-CD27+IgD- and CD19+CD27+IgD+, respectively), transitional B cells (CD19+CD24++CD38++), as well as plasmablasts (CD19+CD24-CD38++) did not significantly differ from values observed in healthy age-matched individuals.

Given the presence of refractory eczema associated with high serum IgE concentrations, hypereosinophilia, and recurrent bacterial infections, we initially suspected a hyper-IgE syndrome. Therefore, we used a scoring system which the NIH has developed to help in the diagnosis of these patients based on both the immunologic and clinical features of the syndrome. Indeed, a score of ˃40 points makes the diagnosis of AD-HIES highly probable and unlikely with a score of < 20 points (26). When the scoring criteria were applied to our patient, the overall clinical and immunological presentation was between STAT3-HIES and DOCK8-CID with 39 points in the NIH-HIES score. Therefore, IL-6-induced expression of intracellular phospho-STAT3 (pSTAT3) was determined in CD4+T-cells by whole blood flow cytometric analysis, which included assessment of surface IL-6RA and gp130 expression. No difference for pSTAT3 expression was detected between patient and healthy control (Figure 2B).




Figure 2 | Immune functional and proliferation assays in subsets of lymphocytes. (A) Flow cytometry analysis of CD132 (γc) expression on T, B and NK cells of the patient, his mother, and healthy control, and screening of siblings for CD132 expression on T cells. (B) Histogram of CD4+ T cell and monocyte response with STAT phosphorylation to several γc dependent (IL-2, IL-4, IL-7) and independent (IL-6, IFN-γ) cytokines in whole blood of patient. (C) Analysis of proliferation of healthy control (HC) and patient CFSE labeled cells with the indicated stimuli: 4 days of culture with Phytohemaglutinin (PHA) and 6 days with anti-CD3/anti-CD28 monoclonal antibodies. (D) The percentages of IL-17A, IFNγ and IL-4-producing CD4+ T cells from patient and age-matched control using PMA/Ionomycin stimulation in the presence of monensin for 5 hours. *Gamma chain dependent cytokines; the others are gamma chain independent.



In order to identify the molecular defect behind the pathology, whole-exome sequencing (WES) identified the presence of a hemizygous missense mutation (c.115G>A) in exon 1 of the IL2RG gene. The presence of the missense mutation was further confirmed by Sanger sequencing (Figure 1B). This substitution resulted in an amino acid change from Aspartic Acid to Asparagine at position 39 (p.Asp39Asn) of the mature protein. Bioinformatic analysis predicted that the p.Asp39Asn mutation was predicted to be probably pathogenic and affected a highly conserved amino-acid residue (SIFT-deleterious; PolyPhen2-possibly damaging), (Supplementary Figure S6). The high CADD score of 24.2 (sensitivity: 0.41; specificity: 0.98) also suggested a probably damaging effect of the variant. No additional mutations were found in any other known disease-causing genes (Supplementary Figure S7).

We also found that the patient’s mother was a heterozygous carrier of this variant. An immunostaining with anti-CD132 and flow cytometry analysis showed a significant reduction of γc surface expressions on T, B and NK cells of the patient when compared to his parents, siblings, or healthy control (Figure 2A).

In order to study the impact of Asp39Asn amino acid substitution on immune cell signaling, we measured STAT phosphorylation in CD4+ T cells and monocytes. The mutation was associated with defective phosphorylation of STAT5, STAT6, and STAT5 upon the stimulation of CD4+ T cell with IL-2, IL-4, and IL7, respectively. However, γc independent signaling in monocytes (IFN-γ induced pSTAT1) was not affected (Figure 2B). Evaluation of CD3+ T cell proliferation through carboxyfluorescein succinimidyl ester (CFSE) staining revealed a significant defect of mitogen phytohemagglutinin (PHA)-induced cell proliferation compared to healthy control (39% vs. 90.3%). Similarly, the activation of CD3+ T cells of the patient with anti-CD3 and anti-CD28-coated beads led to a reduced proliferation compared to healthy control (67% vs. 85%) (Figure 2C). Taken together, these data suggest that the patient has a “leaky” form of SCID.

To better characterize the immunologic defects associated with the patient’s mutation, the percentages of CD4+IFNγ+ (Th1), CD4+IL4+ (Th2), and CD4+IL-17A+ (Th17) cells were assessed in PBMCs by flow cytometry. The patient exhibited a significant reduction in the proportion of IFNγ producing CD4+ T cells (Th1) and normal CD4+IL4+(Th2) and CD4+IL17A+(Th17) frequencies when compared to an age-matched control subject (Figure 2D). CD4+CD25highCD127low/-FoxP3+ Regulatory T-cells represent 11,52% of CD4+ T-cells. Based on these findings, we have recommended allogeneic hematopoietic stem cell transplantation as a definitive treatment. Since, the patient regularly performed immunoglobulin replacement therapy and received prophylactic antimicrobial (co-trimoxazole, sulfamethoxazole, and itraconazole). He is checked for signs of malignant disease on a regular basis, but so far, no lymphoma or other tumors have been noted.




Discussion

This report describes the case of a seven-year-old Algerian patient carrying a hemizygous missense (c.115G>A) variant of IL2RG gene, and results in replacement of aspartic acid by asparagine at position 39 (p.Asp39Asn) in the extracellular domain of the protein (Figure 1D). As far as we are aware, only a single other case carrying a same mutation has been reported in the literature (27, 28).

Our patient displayed unusual clinical and immunological features with persistent eczema and ringworm of the scalp, associated with recurrent sinopulmonary infections, high IgE levels, and peripheral blood eosinophilia, which initially suggested a hyper-IgE syndrome. A reported case (27, 28) with the same amino acid substitution and a more severe clinical phenotype (Table 2) was mainly characterized by repetitive infections and protracted diarrhea starting around nine months of age without a history of eczema. Given the different clinical and immunological manifestations, it seems reasonable to hypothesize that other factors, such as epigenetic, environmental, and ethnic contributions, could affect the disease’s evolution (29). These findings emphasize the issues that might be involved in the relationship between the environment and the genome in multifactorial disorders, in which numerous environmental factors are included (30). As reported by Dworkin et al, attempting to understand the molecular interaction of genetic background effects using model organisms, found that were partly associated with differentially expressed genes where quantitative transcription level differences correlated with variation for the phenotype (31). Furthermore, Lachance et al. studied genetic background effects on an X-linked gene in Drosophila melanogaster leading to wing defects. The natural variant was placed into multiple backgrounds, then they assessed penetrance and expressivity of wing defects. They found significant complex interactions that were affected by the genetic background (32).


Table 2 | Characteristics of reported patient carrying the IL2RG115G>A missense mutation.



Typically, patients with genetic mutations of the IL2RG gene are classically characterized by the absence or severe reduction of T and NK cell numbers, as well as the presence of non-functional B cells (33), these mutations are mainly localized within the exons 3-5 (34, 35). Missense mutations are the most common pathogenic changes observed, followed by nonsense variants and insertions/deletions (35). On the other hand, atypical clinical presentations of X-SCID have been also described in patients carrying missense mutations of IL2RG resulting in the expression of lower amounts of γc protein with conserved binding affinity for IL-2, or in its reduced interaction with JAK3, and thus impairing T cell activation (9, 36). However, such mutation requires assessing a cell line from the affected patient to evaluate γc cell surface expression and/or IL2RG mRNA transcripts as a direct proof if the mutation is deleterious. In the present case, an accurate diagnosis of atypical X-SCID was initially compromised because of the unusual clinical presentation, with almost normal development and growth, a low number of infections during the first 3 years of life. Moreover, the most first-line immunological investigations showed normal percentages and numbers of total T, NK, and B cells, but CD4+ T cell counts decreased while CD8+ T cell counts were expanded, combined with a polyclonal hypergammaglobulinemia; hence, these findings were initially inconsistent with X-SCID. Atypical cases with normal numbers of T and NK cells are very unusual and were previously reported in only few cases with IL2RG mutations (37–41), and some IL2RG mutations can lead to functional lymphocyte abnormalities rather than cell development defects, as some patients with normal lymphocyte differentiation and normal thymus biopsies were reported (37). Such phenotype can be a direct consequence of a residual γc expression providing sufficient signal for normal T and NK cell development. This is in accordance with the preserved signaling by the IL-7R and IL-15R, as it has been shown before by Smyth et al. that signal transduction by the IL-7R is crucial for T-cell development but is dispensable for NK cell development, whereas adequate signaling via the IL-15R is essential for NK cell but not for T-cell development (42, 43). This mechanism corroborates with our findings, suggesting that the amount of γc required for the correct signaling of various signaling pathways is different.

In addition to the aforementioned findings, the T lymphocyte differentiation and maturation skewed toward memory phenotype (CD45RO+), combined with increased counts of total CD8+ T cells as well as expansion of CD45-CCR7- effector memory for both CD4+ and CD8+ T cells. This condition probably is in consistence with persistent viral infection (44), although no virological confirmation was possible. On other hand, thymic stromal lymphopoietin (TSLP) is another cytokine that is not a member of the γc family but has overlapping functions with IL-7 (45). Indeed, whereas the IL-7 receptor contains IL-7Rα and γc, the TSLP receptor consists of IL-7Rα and TSLPR, which is closely related to γc (46, 47). IL2RG−/− mice treated with recombinant TSLP, which cannot respond to IL-7 or other γc family cytokines, lead to a partial increase in CD8+ T cell numbers (48). Moreover, TSLP promotes the survival of CD8+ T cells in both normal and lymphogenic conditions (49).

In addition, our patient displayed moderately reduced capacity of T cells to proliferate in response to PHA or anti-CD3/anti-CD28 stimulation, reflecting disturbed IL-2 signaling. Indeed, IL-2 is key growth factor required for T cell expansion and promotes the proliferation and survival of activated T cells (50). Thus, it influences effector T cell differentiation and promotes fate decisions in activated T cells (51).

Furthermore, our patient had normal percentages of switched memory B cells, transitional B cells, and plasmablasts, but negligible reduction of naïve B cells, and unswitched memory B cells. There may exist a threshold level of γc expression necessary for normal B cell function, consequently, the collaborative IL-4 and IL-21 signaling might be sufficient for humoral responses (52–55). In contrast, we found signs of misguided enhanced B cell activity reflected by a large CD21lowCD38low B cell population, in addition to a polyclonal hypergammaglobulinemia. CD21lowCD38low B cells are a distinct B cell population that is mainly associated with manifestations of chronic immune activation, lymphoproliferation, and autoimmunity (56–58). Interestingly, in our case there was no evidence of conditions considered to be autoimmune or lymphoproliferation. This is in consistence with normal numbers of regulatory T cells (T reg) in indexed patient, although IL-2 is also critical for the development of Tregs in the thymus and for their maintenance and function in the periphery (59). In addition, high IgG1 and IgG3 levels were also observed which can recognize protein and viral antigens (60, 61). In fact, viral infections in general lead to IgG antibodies of the IgG1 and IgG3 subclasses, with IgG3 antibodies appearing first in the course of the infection (60, 61).

In the case reported by DiSanto et al., with the same mutation as the present patient, a reduced capacity to splice a correct-sized transcript, leading to the production of a nonfunctional transcript containing an insertion of 27 bp, and a reduced amount of a normal sized transcript containing a single amino acid substitution has been shown (28). Thus, they demonstrated that splicing of exons 1 and 2 normally generates the codon GAT, but with the base change, the resultant codon becomes AAT, and the point mutation (D39N) appeared not to impair IL-2 binding or its subsequent endocytosis (28). Therefore, a residual expression of IL2RG transcripts with normal length may account for the limited expression of γc detectable at the cell surface. Unfortunately, the size of the transcripts and γc protein were not assessed in the current work. However, our data showed that γc expression and STAT5/STAT6 phosphorylation were reduced but not completely abolished. These findings are consistent with a moderate phenotype suggesting that this mutation (p.Asp39Asn) is hypomorphic.

Interestingly, our patient developed atopic dermatitis-like skin lesions and alopecia associated to IgE hyperproduction (31,120 IU/ml) and hypereosinophilia (2139 cells/µl), such conditions were surprisingly rare in reviewed patients carrying IL2RG hypomorphic mutations. Indeed, only four patients, suffering from eczema or other skin rashes, were reported in the literature (15, 62–64). Milner et al. demonstrated that reduced T-cell activation caused by a weak signaling has been associated with a skew towards the development of T helper type 2 cells (Th2 cells) (62), this may suggest its profile as a default differentiation pathway partly underlying the features of skin lesions in these patients. This is a typical finding in patients with Omenn syndrome in whom expanded T-cell clones were consistently found to be predominantly of TH2 type (65), and to secrete IL-4/IL-13, IL-5 and IL-9, which promote immunoglobulin class-switching to IgE, activates eosinophils, and activates mast cells, respectively (66–69). These results are consistent with our patient, who showed normal percentage of IL-4 producing T cells and low proportions of IFN-γ producing T cells compared to age-matched control subject (Figure 2D), suggesting that Th2-type cytokines are central in the pathogenesis of this hyper-IgE production. Moreover, previous studies have also demonstrated that B cells from X-SCID patients with decreased expression of γc can respond to IL-4 via a type II IL-4R complex composed of IL-4Rα/IL-13R chains (70–72).

In conclusion, X-SCID is an inborn error of immunity that manifests as different clinical phenotypes, from milder to severe disease. Most of the attention focused on the possible relationship between mutations of the IL2RG gene and clinical/immunological features. Further investigations are required to achieve a better classification of the disease. We believe that unusual clinical and laboratory observations may be very useful to unravel complex diseases and help find novel gene-function relationship laying the ground for novel targeted therapeutic approaches.
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Gliomas are the most common primary brain tumors in adults. Despite the fact that they are relatively rare, they cause significant morbidity and mortality. High-grade gliomas or glioblastomas are rapidly progressing tumors with a very poor prognosis. The presence of an intrinsic immune system in the central nervous system is now more accepted. During the last decade, there has been no major progress in glioma therapy. The lack of effective treatment for gliomas can be explained by the strategies that cancer cells use to escape the immune system. This being said, immunotherapy, which involves blockade of immune checkpoint inhibitors, has improved patients’ survival in different cancer types. This novel cancer therapy appears to be one of the most promising approaches. In the present study, we will start with a review of the general concept of immune response within the brain and glioma microenvironment. Then, we will try to decipher the role of various immune checkpoint inhibitors within the glioma microenvironment. Finally, we will discuss some promising therapeutic pathways, including immune checkpoint blockade and the body’s effective anti-glioma immune response.
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Introduction

The immune system is made up of several cell types, which defend the body against possible pathogens (1).

Gliomas or glial tumors are the most common primary brain tumors and they account for 81% of all malignant ones. Although they are relatively rare, gliomas cause significant morbidity and mortality. Glioblastoma is the most aggressive and common (45%) of all 6 glioma types and grades, and presents with a median survival of around 15 months (2).

For more than 10 years of research there has been no significant progress in Glioma treatment until now (3) and the lack of effective treatment for glioma can be explained by the many strategies that cancer cells use to escape the immune system (4).

Immunotherapy is an immunological treatment which uses the host’s immune system to recognize and eliminate cancer cells. Indeed, this type of treatment has been shown to be fairly effective against various types of cancer (3), especially with the blockade of inhibitory immune checkpoint molecules (5). These immune checkpoints control the interactions between T cells and cancer cells through the inhibition or activation of T cells. This process occurs according to the organism’s needs and action of the tumor (3). Moreover, immunotherapy, which acts on immune checkpoint inhibitor’s blockade, has improved patients’ survival in different types of cancers. This new hope of cancer therapy remains one of the most promising approaches for the effective activation of therapeutic antitumor immunity (6).

In recent years, these observations have raised the curiosity of researchers who have taken a great interest in immune checkpoint blockade in glioma. Previous studies have shown that the combination of anti-PD-1 and anti- CTLA-4 blocking Abs, does not improve the overall survival [(7), p. 143].

In addition, no obvious benefit of neoadjuvant nivolumab was obtained with resectable glioblastoma (GBM), and presented with a median overall survival of just 7.3 months (8). Similarly, a phase III trial comparing nivolumab (anti-PD-1 blocking Ab) to bevacizumab (anti-VEGF blocking Ab) on patients with recurrent GBM failed to substantiate the benefit of nivolumab, and conferred a similar median overall survival (mOS, 9.8 vs 10.0 months) (9).

The present review aims at describing the immune response within the glioma microenvironment, and discussing the involvement of various immune checkpoint inhibitor molecules used by glioma cells in order to escape the immune response. It will also report some potential therapeutic pathways which involve immune checkpoints blockade.



Immune Response Within the Brain

It is becoming more and more accepted that there exists an intrinsic immune system which is present and functional in the central nervous system (CNS) (10). However, in the 20th century, the brain was defined as a privileged organ, which meant that the brain and meninges were devoid of lymphatics (11). It was initially presumed that the physiological characteristics of the CNS, absence of antigen-presenting cells (dendritic cells) and presence of the blood brain barrier (BBB) were the causes of the lack of immune surveillance in the brain. Previous studies have shown that upon infiltration of bacteria and viruses, the immune system response could not be recognized or established (12). Hence, when Lowenstein et al. transplanted skin grafts into the brain of non-immunized animals, they found that it did not elicit an immune response (13). These studies led to the belief that the brain is a privileged organ (11, 13).

However, in October 2015, a study conducted by Louveau et al. on mice showed that the brain, like every other tissue, is connected to the peripheral immune system (10).

Through the use of novel techniques, such as staining mice’s meninges with immunohistochemistry, they were able to highlight that endothelial cells, T cells and MHC II-expressing cells were the most present near the dural sinuses. Upon resection of the deep cervical lymph nodes, there was an accumulation of meningeal T-cells due to an inability of T-cells to drain from the meningeal space (14). Hence, the suggestion that the primary route of drainage is from the meningeal vessels (15). The basis of this new theory was a report by Aspelund et al. where they discovered that the Schlemm’s canal in the eye acted like a lymphatic vessel (16). This led other scientists to hypothesize that similar vessels may also be present within the brain and to question the extent of the brain’s immune privilege (10).

Innate immunity-related molecules like cytokines, toll-like receptors and the major histocompatibility complex are expressed in the brain and they influence the generation of an efficient immune microenvironment (17). These cellular constituents elicit an immune response which further supports the idea that the brain does in fact have immune surveillance. Microglia cells are the most predominant and make up 80% of the immune cells in the brain (18). Others include dendritic cells, B-cells, and T-cells, of which B-cells are the most abundant (15). The movement of immune cells and fluid from the CSF is made possible by the lymphatic system lining the dural sinuses (10). Cytokines are signaling proteins and are mostly secreted by immune cells. They can be described as pro-inflammatory or anti-inflammatory (19). It was originally thought that cytokines could not pass through the BBB via membrane diffusion as they were too large and hydrophobic. However, cytokines have overcome this by using saturable transport systems or by passing through the disrupted parts of the BBB (20).

Chemokines are low molecular weight proteins that are involved in direct cell migration. They attract leukocytes to the site of infection to allow the mediation of acute and chronic inflammation (21).

In normal circumstances, however, their expression is diminished. Homeostatic chemokines are involved with maintaining leukocyte composition in preparation for an immune response to an insult. Still, inflammatory chemokines are produced during infections or in response to an inflammatory stimulus (22). The immune response in the brain progresses at a much slower rate as opposed to that in the peripheral tissue (14).

Microglia are the tissue resident macrophages of the brain and are involved in innate immunity and infection. They are the largest source of inflammatory mediators in the brain and are derived from hematopoietic precursor cells of the yolk sac and are defined as CD11b+/CD45 low (23).

Microglia are incredibly important for the regulation of angiogenesis and vascularization, which plays a key role in tumor development. In pathological states, injury serves as an example; there is microglia-mediated neuronal injury and glial cell injury through the production of proinflammatory factors like cytokines and chemokines (20). Following this activation, inflammatory molecules are released, which, in turn, activates astrocytes and cells of the immune system. In this disease state, the activated cytokines and the chemokines are essential in maintaining the immune surveillance (22).

Cancer cells are capable of avoiding recognition and cancer immune-editing can be conceptualized into three phases : Elimination, Equilibrium and Escape (17, 24). However, when the tumor cells escape immune recognition, they progress to a clinical stage of cancer and mark the escape stage of immune-editing. Tumors are able to escape either because of tumor induced immunosuppression or because of immune system deterioration (17).



Glioma Microenvironment

Primary tumors of the central nervous system account for only 2% of all tumors. Despite their low incidence, they are highly prevalent in small children, adolescents and young adults with relatively high mortality and morbidity (25). Gliomas are the most common primary central nervous system (CNS) tumors (26), and are classified according to grades (I to IV) of the World Health Organization (WHO) (27). Thus, gliomas are divided into two groups according to the malignancy of the tumor: tumors of low grades (grades I and II), which have slow growth, and high-grade gliomas (III and IV), which strongly infiltrate the brain parenchyma (28).

To date, glioblastoma is the most aggressive glioma and the deadliest of all (29). Even with the current treatments, namely surgical resection, radiotherapy, and chemotherapy (30), it is still an incurable disease with a fairly poor survival rate, ranging between 12 to 15 months,. GBM manages to escape the immune system in a deadly symbiotic collaboration. Furthermore, it can also come from several cell types, not just glial cells. It is mainly present in adults aged 64 years and older, but can also occur in children, with a higher incidence in men compared to women. Gliomas can either be primary (precursor), or secondary (when a low-grade glioma is transformed) (30, 31). Studies have shown that patients with an isocitrate dehydrogenase (IDH) mutation have a longer survival and respond to chemotherapy and radiotherapy well unlike those who do not have the mutation (32).

Tumor-infiltrating immune cells are cells that have left the bloodstream to enter the tumor microenvironment. Their function may change throughout tumor progression, depending on the type of cells and their functional interactions. Indeed, immune cells may play a key role in tumor suppression or in tumor growth support, with specific effects on patient behavior (33).


Tumor-Associated Macrophages (TAM)

They represent microglia which are intrinsic to the brain, and act by creating supporting stroma for the expansion and invasion of neoplastic cells. TAMs that are recruited into the tumor microenvironment of gliomas can release growth factors and cytokines in response to cancer cell activity (34). Thus, TAM infiltrates gliomas in moderate numbers and often exhibit an immunosuppressive phenotype and functional behavior (33).



Natural Killer Cells (NK)

NK cells are the prototypes of innate lymphoid cells. They are characterized by large granular lymphocytes containing perforins and granzymes and have a destructive function. These cells are able to kill tumor cells using soluble molecules of the tumor necrosis factor (TNF) family (35). Additionally, NK cells have also been identified in primary and metastatic brain neoplasms, where they have a key role in suppressing brain tumors (36). The level of tumor infiltration by NK cells tends to remain low and their functionality often affected by factors released by tumors or other immunosuppressive cells (37, 38).



Dendritic Cells (DC)

DC are professional antigen-presenting cells that are found upon recognition of the pathogen at the site of inflammation. In cancers, in addition to antigen presentation, mature dendritic cells (mDC) release cytokines and chemokines to induce tumor-specific T cell activation (39). CD11c+ DCs were studied extensively in GL261 mouse glioma model and showed little or no co-stimulatory molecules in addition to being unable to stimulate T cells. However, these cells favored the development of regulatory T cells (Treg). Analysis of the peripheral blood in glioma patients showed a decrease in numbers compared to healthy patients, suggesting that these cells may have been implicated in tumor pathogenesis (33).

Usually, high levels of cytotoxic T cell-directed human glioma cells (CTL) are associated with increased antitumor activity, whereas high levels of helper T cells (particularly Th17) are thought to be associated with the role of promoting tumor development. Treg cells are a subset of CD4 T cells that express CD25 and FoxP3 (40). These play an important role in the regulation of the immune response by suppressing the proliferation of other T cells presented in the tumor microenvironment, through mechanisms directly dependent on cell contact or indirectly by the secretion of IL-10 and TGFβ (41, 42). In the tumor microenvironment, the production of specific chemokines and cytokines appears to be associated with preferential recruitment of Treg and subsequently poor prognosis (43) (Figure 1).




Figure 1 | Immunosuppressive microenvironment of glioma. Tumor cells release molecules which contribute to multiple unique immunosuppression mediated by various cellular players in glioma microenvironment. (A) After recruitment to the tumor site, Tregs directly suppress the activity of cytolytic T cells and induce their apoptosis through secretion of various types of cytokines including IL-10 and TGFβ. (B) Angiogenesis is a pathologic hallmark of glioblastoma mainly mediated by vascular endothelial growth factor (VEGF). (C) Immune checkpoints suppress T cell function in glioma microenvironment through distinct mechanisms.






Immune Checkpoint Inhibitors in Glioma Therapy


Immune Checkpoints in Cancer

To escape immune surveillance, cancer cells have developed several mechanisms that induce a state of immune tolerance and evade immune destruction (44). One of the mechanisms is the use of the inhibitory and costimulatory receptors, called “immune checkpoints” (45). Clinical cancer treatment has become directed towards targeting T cell inhibitory receptors by using immune checkpoint inhibitors (ICI) (46, 47).

Each tumor has a specific dynamic interaction of immune checkpoints, which highlights the importance of having a better understanding of the tumor-immune interactions in a hope to achieve and design a rational combination therapy specific to each tumor (48). Cancer immunotherapy differs from chemotherapy in that it aims to enhance the immune response in different stages of tumor progression and, in so doing, reducing patients’ clinical poor outcomes. Chemotherapy, on the other hand, destroys cancer cells directly (Figure 2) (49).




Figure 2 | Immune checkpoint blockade in gliomas. The mechanisms by which various immune checkpoints promote each other and contribute to the immunosuppressive microenvironment in gliomas. PD-1/PD-L1, CTLA-4/B7, TIM3/GAL9, and TIGIT/CD96 expressed on different types of immune cells such as T cells (CD4 and CD8) Dendritic cells (DC), Natural killer cells (NK) B cells. These pathways could induce FoxP3 expression and promote tumor escape, cytotoxic cell inhibition and Treg conversion with the help of TGF-β and IL-10. The blockade of these immune checkpoint molecules through mono or combined therapy could be used as a potential therapeutic for glioma and especially glioblastoma.



In recent years, inhibitors of CTLA-4 have shown remarkable success in cancer immunotherapy. Tremelimumab is a fully human monoclonal antibody to CTLA4 that has shown beneficial responses in clinical trials against different tumors, especially when combined with PD-1/PD-L1 blockade. However, in the case of glioblastoma, several studies reported that anti-CTLA-4 and/or anti-PD-1 antibodies exhibit no survival benefit compared to standard chemotherapy (50–53).

However, resistance to ICIs has become a common clinical phenotype that we currently do not have much knowledge about. Collaborative efforts are needed for a deeper understanding of biology to prevent, overcome or reverse this resistance (54).

The successful preclinical trials and the very positive results obtained with other tumors promoted the utilization of immune checkpoint inhibitors in GBM. Indeed, the survey of the NIH Clinical Trials Database (https://www.clinicaltrials.gov) performed on July 2018 showed registered trials of malignant glioma. (Table 1).


Table 1 | Current clinical trials involving immune checkpoint blockade in human glioma.



Due to the recent COVID-19 outbreak, oncologists are wondering about the risk of administering ICIs to patients. The concern was mainly regarding the overlap between the possible pneumological toxicity from anti-PD-1/PD-L1 agents, which could be life threatening in the case of coronavirus-related interstitial pneumonia. The overall incidence rate of ICI-related pneumonitis ranges from 2.5–5% with anti-PD-1/PD-L1 monotherapy to 7–10% with anti-CTLA-4/anti-PD-1 combination therapy  (55).



Immune Checkpoints in Glioma

Glioma cells secrete different types of chemokines, cytokines and growth factors that enhance infiltration of various cells such as astrocytes, pericytes, endothelial cells, circulating progenitor cells, and a range of immune cells including microglia, peripheral macrophages, myeloid-derived suppressor cells (MDSC), CD4+ T cells as well as Treg cells into the tumor (56–59). However, identification of these factors may facilitate the improvement of glioma immunotherapy as immunomodulatory and immune evasion mechanisms used by glioma cells.

Glioma cells express the ligands which recognize and bind to partner proteins (receptor) on the surface of immune cells. Subsequent preclinical research showed their important role in the maintenance of peripheral immune tolerance and control overreaction to inflammatory responses. In fact, in glioma case different immune checkpoint molecules have been described such as CTLA-4, PD-1, TIM-3, and LAG-3; each of these receptors has corresponding ligands (60).



PD-1/PD-L1

In 2014, the FDA approved immune checkpoint PD-1 targeting. The anti-PD-1 and anti-PD-L1 mAbs act to block distinct inhibitory signals that unleash T cells to have the ability to eradicate tumors (46, 61–63). In the case of GBM, PD-1 is expressed on T cells, B cells, tumor associated macrophages (TAMs), MDSCs, and NK cells (64). Immunotherapy is used to target the PD-1/PD-L1 pathway (Figure 3B) to trigger an antitumor immune response (65–67). The immunosuppressive tumors can then be resected, followed by a continuation of immunotherapy to enhance the functions of the TILs (64, 68).




Figure 3 | Immune checkpoint inhibitors in glioblastoma. The CTLA-4 immune checkpoint (A) operates early during the priming phase of the immune response. CTLA-4 preferentially binds to CD80/CD86 on the surface of APCs, thus leading to decreased T-cell activation and proliferation in the context of tumor antigen presentation. The T cell-expressed inhibitory PD-1 receptor interacts with PD-L1 (B), which is expressed on tumor cells. Engagement of PD-1 and PDL-1, in the context of tumor antigen- presentation by MHC class I molecules, induces T cell apoptosis, inhibits T cell activation/cytotoxicity, promotes Tregs proliferation and blocks the production of inflammatory mediators, resulting in T cell inactivity. TIM-3/GAL-9 pathway (C) negatively regulates T cell immunity and induces T cell apoptosis. *ICP, Immune Checkpoint.



The BBB is a factor that requires attention, unfortunately numerous drugs that have been tested in clinical trials for GBM patients have failed due to the lack of successful drug delivery across the BBB (69), thus affecting their therapeutic efficacy on intracranial tumors. However, despite recent studies showing that anti-PD-1 antibodies cannot cross the BBB, it is in fact not entirely true. Anti-PD-1 have a mechanism which enables them to bind irreversibly to PD1 or CTLA-4 on peripheral lymphocytes and ultimately penetrate the BBB. Once they have passed the BBB, they can bind TILs which occupy the intracranial tumors (70).

In a previous study, GBM tumor-bearing mice were treated with anti-PD-1 antibody or with a combination of anti-PD-1 and anti-CTLA-4 antibodies. Significant improvement in survival was noted in WT and CD73−/− mice treated with a combination of anti-PD-1 compared to controls (48). Furthermore, GBM patients who received anti-PD-1 therapy showed a persistence of immunosuppressive CD73 high myeloid subsets. Benefits of therapy by immune checkpoint inhibitors in a CD73−/− mouse model should be explored further (48).



TIM3/GAL9

T cell immunoglobulin and mucin domain-containing molecule 3 (Tim-3) is an inhibitory receptor expressed on the surface of T cells and plays a key role in the inhibition of T cell responses against tumors (71) (Figure 3C). Galectin-9 has been identified as a ligand for Tim-3, and upon binding, it results in the apoptosis of T cells and a negative regulation of T cell immunity (72–75).

A recent study investigated the expression of Tim-3 and galectin-9 in glioma tissues and showed that there is an association between the expression of these immune checkpoint receptors and the malignancy of gliomas (50). The expression level of Tim-3 on healthy PBMCs was low and the expression of galectin-9 on non-cancerous brain tissues also followed a similar pattern. However, Tim-3 and galectin-9 were highly expressed in TILs and glioma tissues (50).

Yuan et al. demonstrated that Gal9 was highly expressed in the core than in the periphery of tumors in GBM patients, and that those with high expression of Gal9 had significantly shorter survival than those with low expression (76). This suggests that Gal9 is closely related to glioma patient’s prognosis and plays a key role in the malignant progression of GBM (76, 77).



CTLA4

In 2011, the FDA approved an immune checkpoint agent, ipilimumab, a monoclonal antibody (mAbs) that targeted the checkpoint molecule CTLA4. This was based on a randomized phase III clinical trial that demonstrated an improved survival rate with durable clinical response for patients with advanced melanoma (46). As shown in Figure 3A; CTLA-4 suppresses antigen-specific T-cell activation and is expressed on activated T cells and CD4+Foxp3+ Tregs (78, 79).

A higher expression of CTLA-4 was observed in more severe grades of glioma, and this indicates that it is linked to a worse prognosis (80, 81). It was also found that CTLA-4 significantly correlates with PD-1, CD40, and ICOS (53). Besides, it was tightly associated with CXCL12, CXCR3, CXCR6, and TIGIT (a new promising immune checkpoint-related protein). The combination of these molecules can potentially enhance the efficacy of CTLA-4 blockade in cancer immunotherapy (53). Furthermore, it has been observed that the CTLA-4 antibodies do not cross the BBB. To solve that, Galstyan et al. attempted to combine nanotechnology and immunotherapy. They delivered nanoscale immunoconjugate (NIC) drugs across the BBB to treat GBM (82). They used a versatile drug carrier and poly (β-L-malic acid) (PMLA),a natural polymer obtained from the slime mold Physarum polycephalum, to deliver covalently conjugated CTLA-4 and PD-1 antibodies to brain tumor cells. This resulted in a local immune system activation and a prolonged survival of intracranial GBM in GL261-bearing mice (82). Currently, clinical trials of anti-CTLA-4 (ipilimumab) and anti-PD-1 (nivolumab) are being performed in patients with glioma, testing the safety, toxicities, and efficacy (78).



LAG3

Lymphocyte activation gene‐3 (LAG3), also known as CD223, is a potential cancer immunotherapeutic target because of its negative regulatory role on T cells (83). It is expressed on activated human T and NK cells, and is an activation marker for CD4+ and CD8+ T cells (83). Mair et al. have shown that LAG-3+ TILs are rarely observed in IDH-wt and absent in IDH-mt glioma (84). However, these cells are more present in an active inflammatory microenvironment but according to LAG-3+ TIL infiltration; there was no difference in overall survival (84).



TIGIT/CD96

T-cell immunoglobulin and ITIM domain (TIGIT) and CD96 are co-inhibitory receptors. TIGIT is expressed on conventional αβ T cells upon activation, memory T cells, regulatory T cells (Treg), both follicular helper T cells (TFH) and follicular regulatory T cells (TFR), NKT and NK cells (85). However the expression of CD96 has been reported primarily on conventional αβ and γδ T cells, NK cells, and NKT cells (85). Hung et al. have found high levels of TIGIT expression on CD8+ and CD4+ TILs in glioma patients. They have also shown that anti-TIGIT therapy alone had no significant effect on the survival rate in the GBM mouse model (86). However, combination therapy using anti-TIGIT and anti-PD-1 showed a significant increase in survival (87, 88); this was carried out through modulation of both the T cell and myeloid compartments (86). Additionally, elevated frequencies of CD8 + and CD4 + T cells with double expression of IFNγ and TNFα have also been reported during combination therapy, compared to monotherapy and control groups (86).

Zhang et al. showed that high expression of CD96 was present in the malignant molecule phenotype, including IDH wild type and mesenchymal subtype. They also stressed that it had a positive association with inflammatory activities (89). Indeed, CD96 showed a high concordance with immune checkpoints such as PD-1, CTLA-4, TIGIT, TIM-3, NR2F6, and GITR, which would suggest a potential synergism (89). In addition to that, they discovered that higher CD96 expression predicted worse survival rates in glioma and GBM patients overall. This implied that CD96 blockade may significantly improve the prognosis of glioma patients (89) (Figure 2).




Conclusion

In the present review, we managed to collect further evidence which demonstrates that the immune system is involved in glioma physiopathology and describes the general concept of immune response within the glioma microenvironment.

The immune cells are highly inhibited in the glioma microenvironment through various mechanisms, including immune checkpoint inhibitors. Undoubtedly, the discovery of immune checkpoints such as CTLA-4 and PD-1 played a key role in the development of cancer immunotherapy. Although these molecules were originally discovered as molecules with a role in the activation and apoptosis of T cells, subsequent preclinical studies showed their important role in the maintenance of peripheral immune tolerance. In addition, several predictive glioma biomarker studies are completed and many are underway. Indeed, the clinical validation of the identified biomarkers is necessary. Lastly, investigations in glioma immunotherapy should decipher adequate ways to facilitate BBB crossing of these therapeutic molecules in order to potentially benefit from current and future therapies. Integrated approaches should also be developed to identify patient-specific choices for checkpoint monotherapies or combination therapies.
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Background

HIV infection has been associated with a non-erosive inflammatory arthritis in children, although few published reports exist. This study describes the clinical, laboratory and imaging features of this noncommunicable disease in a series of HIV-infected children in South Africa.



Methods

A database search was conducted to identify HIV-infected children enrolled in a Paediatric Rheumatology service in Cape Town, South Africa between 1 January 2010 and 31 December 2020. Retrospective data were collected from individuals classified with HIV arthropathy, based on a predefined checklist. Demographic, clinical, laboratory, sonographic, therapeutic, and outcomes data were extracted by chart review. Descriptive statistical analysis was performed using R (v4.0.3).



Results

Eleven cases of HIV arthropathy were included in the analysis. Cases predominantly presented in older boys with low CD4+ counts. Median age at arthritis onset was 10.3 years (IQR 6.9 – 11.6) and the male-female ratio was 3.0. The median absolute CD4+ count was 389 cells/uL (IQR 322 – 449). The clinical presentation was variable, with both oligoarthritis and polyarthritis being common. Elevated acute phase reactants were the most consistent laboratory feature, with a median ESR of 126 mL/h (IQR 67 – 136) and median CRP of 36 mg/L (IQR 25 – 68). Ultrasonography demonstrated joint effusions and synovial hypertrophy. Response to therapy was slower than has generally been described in adults, with almost all cases requiring more than one immunosuppressive agent. Five children were discharged in established remission after discontinuing immunotherapy, however outcomes data were incomplete for the remaining six cases.



Conclusions

In this case series, HIV arthropathy was associated with advanced immunosuppression. Therapeutic modalities included immunomodulators and antiretroviral therapy, which consistently induced disease remission although data were limited by a high rate of attrition. Prospective studies are needed to define and understand this HIV-associated noncommunicable disease.
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Introduction

Autoimmune disease has been reported in the context of human immunodeficiency virus (HIV) infection since the origin of the HIV pandemic. The spectrum of HIV-associated rheumatic disease has evolved over time, likely reflecting the effects of antiretroviral therapy (ART) on survival and immunological function (1–4). Variable prevalence rates (11 - 72%) have been reported for musculoskeletal disorders in HIV-infected adults (5–8). However, data are scarce for the paediatric population.

South Africa is positioned at the epicentre of the global HIV pandemic, with a prevalence of 19% in adults and approximately 340,000 HIV-infected children (9, 10). The number of new paediatric HIV infections decreased almost five-fold from 47,000 in 2010 to 10,000 in 2020, reflecting reduced vertical transmission. However, a considerable treatment gap remains in the paediatric population, with only 63% of HIV-infected children receiving ART and only 46% of those on ART achieving viral suppression (11). Despite this, mortality in HIV-infected children has declined dramatically (12–14). As life expectancy in this high-risk group increases, a greater number of children may present with rheumatic sequelae of HIV infection and therapy.

HIV infection disrupts the immunological milieu, giving rise to a broad spectrum of inflammatory and immune-mediated syndromes (1–3). In the setting of advanced HIV infection, multiple immune aberrations contribute to loss of self-tolerance. Proposed mechanisms include the destruction of CD4+ T-lymphocyte populations, autoreactive CD8+ T-lymphocyte responses, T-regulatory cell dysfunction, exposure of autoantigens, B-lymphocyte activation, generation of autoantibodies and immune complexes, molecular mimicry, and direct viral invasion of immunologically active tissue (1, 15–20). A combination of these mechanisms have been implicated in the diverse immune-mediated non-communicable sequelae of HIV infection. Conversely, the balance of immune activation and deficiency induced by HIV infection appears to be protective against certain autoimmune phenomena, including rheumatic heart disease and systemic lupus erythematosus (SLE) (2, 21, 22).

Inflammatory arthritis appears to be associated with HIV infection, although the existing literature is limited by conflicting definitions of disease, inconsistent application of classification systems, and variable availability of relevant diagnostic tests and expertise (2). The spondyloarthropathies have been extensively investigated in relation to HIV infection (23–26). These conditions are strongly associated with the human leucocyte antigen (HLA)-B27 allele. This HLA haplotype is extremely uncommon in Black African populations (27, 28), and resultantly the spondyloarthropathies were rarely reported in Africa prior to the HIV pandemic. The prevalence of these conditions in sub-Saharan Africa appears to have increased dramatically in tandem with the HIV pandemic (29–31). HIV-related immunosuppression can reduce disease activity and even induce remission in patients with established rheumatoid arthritis (RA) (32). Early reports describing this phenomenon led to the conviction that HIV and RA were mutually exclusive disorders. However, this position has since shifted in the face of a growing body of evidence indicating that HIV-positive individuals can develop an entity clinically indistinguishable from RA (8, 33–35), with a reported prevalence of 0.1 - 5.0% (31, 36–38). Most cases present in immunocompetent HIV-infected individuals (34, 39).

HIV arthropathy has been defined as a self-limiting, asymmetrical, nonerosive, oligo- or polyarthritis that predominantly involves the lower limbs and typically resolves within six weeks (1, 2, 40). Some authors have suggested that rheumatoid factor (RF) and HLA-B27 negativity be required for its diagnosis (41, 42), in order to differentiate the entity from RA or spondyloarthropathies. Reveille and colleagues define adult-onset HIV arthropathy as “arthritis of the large joints, lasting less than six weeks, in the absence of either HLA B27 positivity, or radiological changes … distinct from any other recognized rheumatological entity, with no discerned infective triggers” (41). A prevalence of 0.4 – 13.8% has been reported in adults (2, 37, 43–47), with higher rates reported in studies conducted in predominantly African populations (31, 44, 48). HIV arthropathy is generally described in the setting of advanced HIV (8, 49). When performed, synovial fluid analysis reveals sterile inflammation, with nonspecific features of chronic synovitis on biopsy (49, 50). Tubulo-reticular inclusions, HIV-associated p24 antigen, and HIV DNA-containing dendritic cells have been identified in the synovial tissue of affected individuals, suggesting a direct viral aetiology (40, 49, 51, 52). It has been proposed that HIV arthropathy may represent a type of reactive arthritis triggered by the virus itself (2, 53), however the precise pathophysiology has yet to be described.

The optimal management of HIV arthropathy has not been completely defined. In the current understanding of the disease, therapy is primarily directed at the underlying cause. Therefore, effective ART and immune reconstitution are the cornerstones of management. Specific therapy may also be directed against the inflammatory component of HIV arthropathy. Chloroquine is frequently used and has been shown to have beneficial anti-viral activity in addition to its anti-inflammatory effects (54–56). Nonsteroidal anti-inflammatories are routinely used for symptomatic control. Systemic corticosteroids may be used, although the duration of therapy should be limited to reduce toxicity. Similarly, intra-articular corticosteroids are considered safe and efficacious. The role of other immunomodulator therapies, including methotrexate, sulfasalazine, and biologic agents, remains undefined.

There are few published reports on HIV arthropathy in children. A case series from Durban, South Africa described 35 HIV-infected children with arthritis (50). This series reported a male predominance, and a mean age of onset of 5.5 years. The most common pattern of articular involvement was asymmetrical polyarthritis, and RF and HLA-B27 were negative in almost all cases. Another report from the same centre described seven HIV-infected children with both arthritis and uveitis, in whom no cause other than HIV could be found (57). Two isolated case reports of paediatric HIV-associated arthritis have been published in India (58, 59). Arthritis was the presenting feature of HIV infection in both cases. A case series of musculoskeletal manifestations in HIV-infected children in India reported 3 cases of inflammatory arthritis, all of which occurred in older girls with advanced immunosuppression (60). Another report from India described a single case of HIV arthropathy, and three cases of HLA-B27-associated arthritis in HIV-infected children (61). A study of juvenile idiopathic arthritis from Zambia reported 7 cases of arthritis in HIV-infected children, but did not provide details of subgroup analysis (62). A large South African study which screened perinatally HIV-infected adolescents and HIV-uninfected controls for musculoskeletal disorders reported a low prevalence of musculoskeletal abnormalities, which were associated with advanced immunosuppression and longer duration of ART (63). A pre-ART study conducted among 40 HIV-infected children in the United States found no clinically significant rheumatological manifestations, although high rates of hypergammaglobulinemia, autoantibody positivity, and the presence of circulating immune complexes were reported (64). A Mexican study of 26 HIV-infected children described several cases of Raynaud’s phenomenon and peripheral vasculitis, and one child with septic arthritis (65). Although no cases of inflammatory arthritis were observed in the North American children, arthralgia was commonly reported in both studies (64, 65).

There is very limited published data on paediatric HIV arthropathy, both globally and in sub-Saharan Africa. This study aimed to describe features of HIV arthropathy in a case series of children who presented to a Paediatric Rheumatology centre in Cape Town, South Africa.



Materials and Methods


Aims, Design, and Setting

This study was conducted at two large referral centres in Cape Town, South Africa. The study was approved by the Human Research Ethics Committee of the University of Cape Town (HREC 011/2021). The aim of this study was to describe HIV arthropathy in terms of clinical presentation, laboratory characteristics, sonographic features, therapy, and outcomes in a case series of HIV-infected children in South Africa. Relevant data were collected by retrospective review of medical records.



Participants

All HIV-infected paediatric patients enrolled in the Paediatric Rheumatology clinics at either Red Cross War Memorial Children’s Hospital or Groote Schuur Hospital between 1 January 2010 and 31 December 2020 were retrospectively identified by searching the digital databases of the two centres, using the keywords human immunodeficiency disease/HIV and retroviral disease/RVD. Chart review was undertaken to identify those patients classified as having HIV arthropathy, using a predefined checklist adapted from Reveille and colleagues’ definition (41). HIV-infected children with other rheumatic disorders were excluded from the analysis.



Data Collection

Demographic, clinical, and laboratory data were extracted by review of participant details, case notes and laboratory results. Clinical manifestations, laboratory results, and medical therapies were captured at initial presentation and subsequent follow up. Radiographic and ultrasonographic data were extracted by review of saved images and reports for existing studies. Therapeutic modalities were analysed as binary variables, with positivity conferred by a record of an agent having been previously prescribed. Response to therapy was measured by extrapolating clinical data recorded at outpatient follow up consultations, such as the number of active involved joints, and linear scales of patient/parent-rated functional limitation and clinician-rated functional limitation, relative to dates of starting or stopping therapies, or changing doses.



Statistical Analysis

Characterisation of demographics and clinical presentation was summarised using descriptive statistics. Demographic, clinical and laboratory variables were expressed as medians with interquartile ranges, as the frequency distributions for these data were skewed. Treatment and outcomes data were summarized using line graphs, in which duration of a specific therapy was plotted against a measure of disease activity. Data were analysed through statistical package R version 4.0.3.




Results

An initial search identified 22 HIV-infected patients, from a total of 900 children enrolled in the Paediatric Rheumatology clinics. Eleven patients were excluded, due to alternative diagnoses (sarcoidosis, n=1; systemic sclerosis, n=1; uveitis, n=3; Osgood-Schlatter, n=2; vasculopathy, n=1; pernio, n=1; cellulitis, n=1) or incomplete data (n=1). A total of 11 cases of paediatric-onset HIV arthropathy were included in the analysis.


Clinical Presentation

Most HIV arthropathy cases presented in older children, with a median age at arthritis onset of 10.3 years (IQR 6.9 – 11.6). There was a significant male predominance (male-female ratio 3.0). Although the median age at HIV diagnosis was 7.6 years (IQR 5.6 – 10.6), it was considered likely that most of these patients acquired HIV infection via vertical transmission. Most cases presented in the setting of advanced HIV infection, with a median absolute CD4+ count of 389 cells/uL (IQR 322 – 449) and median CD4+ proportion of 19.5% (IQR 14.8 – 25.0) at presentation, although there was one outlier with an absolute CD4+ count of 2364 cells/uL (CD4+ proportion 49.0%). Arthritis was the presenting feature of HIV infection in 4 cases. Six children (55%) were ART naïve at the time of presentation with arthritis. The remaining five children had all defaulted ART for a period of more than six months prior to presentation.

Clinical features are summarized in Table 1. The pattern of articular involvement was variable, with six cases of oligoarthritis and five cases of polyarthritis. The median number of involved joints was 4 (IQR 3- 6). The distribution of joint involvement is shown in Figure 1. All eleven children had large joint involvement (wrists, n=8; knees, n=7; ankles, n=5; hips, n=2; elbows, n=2; shoulders, n=1), which was asymmetrical in nine cases. In addition, four children had asymmetrical small joint involvement (finger interphalangeal, n=3; toe interphalangeal, n=1; metacarpophalangeal, n=2; midtarsal, n=1) and one child had symmetrical involvement of the subtalar and midtarsal joints. Enthesitis was found in four patients, and one child had dactylitis. Associated clinical features included lymphadenopathy (n=5), hepatomegaly (n=4), splenomegaly (n=2), and parotidomegaly (n=2). Seven children had associated skin rashes, which were classified as papular pruritic eruption (n=4), psoriasis (n=1), erythema nodosum (n=1), and scabies (n=1). Two children had uveitis. The nutritional status of these patients was generally poor, with 89% being classified as underweight-for-age and all being stunted. Approximately half (54.5%) had a personal history of previous tuberculosis (TB), of which four cases were pulmonary and one case was intra-abdominal. There was also one case of TB monoarthritis, involving the left knee, in a child with pre-existing HIV arthropathy involving both wrists and the interphalangeal joint of the left great toe. Other opportunistic infections included oral candidiasis, mucocutaneous herpes simplex ulcers, varicella zoster meningitis, parvovirus B19 aplastic anaemia, and cytomegalovirus gastroenteritis.


Table 1 | Clinical presentation.






Figure 1 | Distribution of joint involvement.





Laboratory and Imaging Characteristics

Laboratory features are summarised in Table 2. Synovial aspirate was performed in 3/11 cases. The typical findings were of a lymphocyte-predominant, exudative effusion with negative bacterial and mycobacterial analyses. Synovial biopsy was performed in 4/11 cases. Histological analyses demonstrated nonspecific subacute and chronic synovitis. All microbiological analyses were negative (Ziehl-Neelson, Auramine, Gram, Brown-Brenn, and periodic acid-Schiff stains; CMV immunohistochemistry; bacterial and mycobacterial cultures), except for a repeat synovial biopsy sample which cultured Micrococcus species, which was interpreted as a contaminant. Autoimmune serological data are presented in Table 3.


Table 2 | Laboratory features.




Table 3 | Autoantibodies.



Joint ultrasound data were available for 7/11 cases (63.6%); findings included joint effusions (6/7) and synovial hypertrophy (4/7). Joint plain film radiographic data were available for 3/11 cases (27.3%); two X-rays were normal, and one showed a joint effusion.



Treatment and Outcome

Immune-directed therapeutic modalities are summarized in Table 4. Non-steroidal anti-inflammatory drugs (NSAIDs) were used in all cases. Oral steroids were used in seven children. Intra-articular steroids were used in three of the remaining four children, and the fourth child never returned for follow-up after initial presentation. Two children required intravenous pulse steroid therapy to control severe disease flares. Clinical responses to chloroquine, methotrexate, and prednisone therapy are illustrated in Figures 2–4. Chloroquine was either withheld or stopped in four children, due to possible or confirmed TB infection, and methotrexate was stopped in one child with active TB infection.


Table 4 | Therapeutic modalities.






Figure 2 | Response to chloroquine therapy.






Figure 3 | Response to methotrexate therapy.






Figure 4 | Response to prednisone therapy.



Five children were discharged in established remission after discontinuing immunotherapy. Two children were lost to follow-up immediately after presentation. Another four children were lost to follow-up after longer periods of routine assessment, however all four were in remission at last assessment.

ART was initiated in all eleven children, at a median age of 7.4 years (IQR 6.3 – 10.1). Viral suppression (defined as a single recorded viral load <100 copies/uL) was achieved in 9/11 children (82%), with a median time to viral suppression of 45.5 months (IQR 9.3 – 124.9). Over the study period, the mean change in absolute CD4+ count was -57.1 cells/uL and the mean change in CD4+ proportion was +3.0%. Five children were changed to a second-line ART regimen during the study period.




Discussion

A plethora of research efforts have attempted to explore and address the diverse biopsychosocial challenges which shape the lives of children living with HIV/AIDS. However, musculoskeletal manifestations of HIV infection have not been prioritized and remain poorly defined. Rheumatological disorders in HIV-infected children appear to be relatively uncommon, and paediatric practice has been shaped by data generated in adult populations.

While the number of children with advanced HIV/AIDS has declined substantively in the current era of universal ART, significant treatment gaps continue to affect children living with HIV. A recent study integrating paediatric HIV data sources in South Africa reported that approximately one quarter of HIV-infected children remain undiagnosed, compared to a corresponding estimate of one tenth of adults (66). ART coverage in children was estimated to be only 51.2%. This data suggests that the dramatic reductions in AIDS-related under-five mortality have largely been driven by preventive strategies, such as prevention of mother-to-child transmission, rather than effective management of existing paediatric HIV cases. In this context, the effective recognition and management of both communicable and non-communicable sequelae of paediatric AIDS remains imperative. This report adds to the small body of literature on paediatric HIV arthropathy, which has emerged as a clinical entity distinct from other rheumatic disorders of childhood. As in adults, paediatric HIV arthropathy occurs in the setting of advanced immunosuppression (8, 49). Additionally, it appears to predominantly affect older children (50, 60). In this case series, the median age of arthritis onset was 10.3 years (IQR 6.9 – 11.6), which is similar to existing literature. Most children had advanced immunosuppression at the time of presentation, with a median CD4+ proportion of 19.5% (IQR 14.8 – 25.0).

A high male-female ratio was evident in this case series. This finding is consistent with reports of a male predominance in both children and adults with HIV arthropathy (23, 50, 67) and contrasts with reports of older children with advanced HIV disease without arthropathy (68–70). The mechanisms contributing to the observed sex difference remain unclear. Biological sex has a profound effect on the immune dysregulation that characterises HIV infection. Numerous studies in children and adults have demonstrated lower levels of viraemia in females (71–74). Women are over-represented amongst HIV-infected individuals with the capacity to spontaneously suppress viraemia without ART, known as elite controllers. Across the literature, approximately 80% of adult elite controllers and 90% of paediatric elite controllers are female (71, 75–78). Sex differences in other non-communicable HIV-associated comorbidities, such as cardiovascular disease, neurocognitive disorders and malignancies, have been linked to substantial differences in immune activation and regulation between males and females living with HIV (79–81).

In comparison with adults, most untreated HIV-infected children follow a rapid course of disease progression. At one year of life, 35–50% of untreated, perinatally infected infants will have progressed to AIDS or died (71, 82–85), although it should be noted that outcomes vary widely across different settings, with environmental exposures playing a significant role in early life. By comparison, the median survival time in untreated adults is approximately 10 years (86). It is therefore surprising that a significant proportion of children (5-10%) exhibit the immunological phenomenon of non-progression, which is extremely uncommon in adults (75, 87). Non-progressors are ART-naïve HIV-infected individuals who do not experience immunosuppression but maintain normal CD4+ counts despite ongoing viraemia (75, 88). Most of the children in this series experienced long delays to ART initiation, with median age at ART initiation being 7.4 years (IQR 6.3 – 10.1). This suggests that delay to ART initiation and subsequent HIV progression may be a risk factor for HIV arthropathy in children. Conversely, at least some of these children may have been transient non-progressors, facilitating their survival into later childhood. HLA haplotype-encoding genes influence the rate of disease progression in HIV infection (88–91), with certain HLA haplotypes being recognized as protective. However, several such alleles are also implicated in the pathogenesis of specific rheumatic syndromes. In a large case-control study based in Zambia, López-Larrea and colleagues demonstrated that the presence of the HLA-B*5703 allele was independently associated with both HIV non-progression and the development of spondyloarthropathy (92). Other reports have demonstrated high frequencies of HLA haplotypes associated with spontaneous HIV control in individuals with psoriasis and spondyloarthropathy (93, 94). An intriguing possibility in the pathogenesis of HIV arthropathy is the notion that an as-of-yet unknown factor may be partially protective against HIV progression and confer an increased risk of inflammatory arthritis.

A variable pattern of articular involvement was observed in this case series, with six children presenting with oligoarthritis and five having polyarthritis. This differs from reports of adult-onset HIV arthropathy, in which asymmetrical oligoarthritis predominates, although symmetrical polyarthritis and monoarthritis have also been described (23, 95). Polyarthritis was the commonest presentation in the largest existing report of arthritis in HIV-infected children (50). Most of the children in this case series (9/11) had symmetrical involvement of the large joints, particularly wrists and knees. Existing literature has reported preferential involvement of the lower limbs, particularly knees and ankles, in both adults and children (23, 49, 50). Enthesitis (3/11) was less prevalent than reported elsewhere (50, 96), and only one case was associated with psoriasis. Other observed clinical features (such as papular pruritic eruption, stunting, lymphadenopathy, hepatosplenomegaly and parotidomegaly) likely reflect the advanced stage of HIV infection in which arthropathy presents, rather than a true association. Opportunistic infections were common in this case series, particularly TB (6/11) including two extrapulmonary cases.

The most consistent laboratory finding was elevated acute phase reactants, which were present in more than 90% of cases. ESR was usually elevated to a greater extent than CRP. The median ESR was 126 mL/h (IQR 67 – 136), compared to a median CRP of 36 mg/L (IQR 25 – 68). Joint ultrasound data were available for seven cases (63.6%) in this series. Prominent sonographic features included joint effusion (6/7) and synovial hypertrophy (4/7). Synovial hypertrophy was distinctive; all four cases were described as having abundant or exuberant hypertrophy, relative to findings in patients with juvenile idiopathic arthritis (Figures 5–7). Published evidence on the sonographic features of HIV arthropathy is scarce for adults and children alike. However, several reports have highlighted the radiographic features of joint effusions, juxta-articular osteopenia, joint space narrowing, and marginal erosions in adults with HIV-associated arthritides (95, 97, 98). Findings on plain radiograph are generally similar to those seen in patients with RA, with the exception of periosteal reaction and proliferative bone formation, which are more specific to HIV arthropathy (97, 99).

Approximately half of the children in this case series (45.5%) were discharged in established remission after discontinuing immunotherapy. The remaining six children were lost to follow up; four of them were in remission at last assessment. Two children had no follow up data, having been lost to follow up immediately after initial presentation. Notably, all cases with reliable follow-up data had joint disease persisting beyond 6 weeks, which contrasts with Reveille and colleagues’ classic definition of adult-onset HIV arthropathy as a self-limiting condition (41). This phenomenon has been observed in some adults, who develop a chronic arthropathy associated with functional impairments (100).




Figure 5 | (A) Right knee, superior longitudinal view, greyscale (6 year old male, Case 2), demonstrating abundant proliferative synovitis (*) and effusion (e). (B) Right knee, superior longitudinal view, color Doppler (6 year old male, Case 2), demonstrating proliferative synovitis with intense 3+ Doppler signal (D).






Figure 6 | (A) Right wrist, 4th compartment, longitudinal view, greyscale (6 year old male, Case 2), demonstrating proliferative synovitis (*) and effusion (e). (B) Right wrist, 4th compartment, longitudinal view, color Doppler (6 year old male, Case 2), demonstrating intense 3+ Doppler signal (D) in proliferative synovium.






Figure 7 | (A) Left elbow, posterior longitudinal view, greyscale (10 year old male, Case 6), demonstrating dense proliferative synovitis (*) in olecranon fossa with effusion (e). (B) Left elbow, posterior longitudinal view, color Doppler (10 year old male, Case 6), demonstrating intense Doppler signal (D) in olecranon fossa.



The small size of this series limited statistical power. Participants were recruited from a single clinical service, based at two referral centres in Cape Town, South Africa. Health systems in this region differ considerably from the rest of the continent, potentially limiting the generalisability of these findings to other settings and populations. The study was limited by a retrospective design and the availability of data in existing case files, laboratory records, and imaging reports. Sonographic data were only available for approximately two thirds of participants. Number of active joints was used as an objective surrogate marker of disease activity, as physician- and parent/patient-rated severity scores were not available for every follow-up encounter. It was not possible to assess a possible correlation between arthropathy disease activity and HIV viral load, as the timeframes over which viral load data and serial rheumatological assessment data were available differed in 7/11 cases. This study was further limited by a high rate of attrition. The study describes a series of highly vulnerable children living with a chronic health condition. Many of these children endure adverse social conditions, including poverty, parental and sibling mortality, household substance abuse, and inconsistent primary caregiver relationships, which may have contributed to loss to follow-up. Additionally, these chronically ill children have a significant risk of death, which may have contributed to attrition. In the comparable setting of paediatric ART clinics, several reviews have described high attrition rates (101–105).

A large prospective study would be beneficial to better define the characteristics, diagnosis, and optimal management of HIV arthropathy in children. Translational research is needed to investigate disease pathogenesis and identify biomarkers that could aid diagnosis in under-resourced environments without access to specialist assessment.

This study contributes to the small body of evidence on paediatric HIV arthropathy. Cases predominantly presented in older boys with advanced immunosuppression. The clinical presentation was variable, with both oligoarthritis and polyarthritis being common. Response to therapy was slower than has generally been described in adults, although fair outcomes were obtained with immunomodulating and antiretroviral therapy. Prospective and translational research is required to improve our understanding of this understudied disease.
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Case Report: FOXP3 Mutation in a Patient Presenting With ALPS
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ALPS and IPEX are two well-characterized inborn errors of immunity with immune dysregulation, considered as two master models of monogenic auto-immune diseases. Thus, with autoimmunity as their primary clinical manifestation, these two entities may show clinical overlap. Traditionally, immunological biomarkers are used to establish an accurate differential diagnosis. Herein, we describe a patient who presented with clinical features and biomarkers fulfilling the diagnostic criteria of ALPS. Severe apoptotic defect was also shown in the patient’s cell lines and PHA-activated peripheral blood lymphocytes. Sanger sequencing of the FAS gene did not reveal any causal mutation. NGS screening revealed a novel deleterious variant located in the N terminal repressor domain of FOXP3 but no mutations in the FAS pathway-related genes. TEMRA cells (terminally differentiated effector memory cells re-expressing CD45RA) and PD1 expression were increased arguing in favor of T-cell exhaustion, which could be induced by unrestrained activation of T effector cells because of Treg deficiency. Moreover, defective FOXP3 observed in the patient could intrinsically induce increased proliferation and resistance to apoptosis in T effector cells. This observation expands the spectrum of FOXP3 deficiency and underscores the role of NGS in detecting mutations that induce overlapping phenotypes among inborn errors of immunity with immune dysregulation. In addition, these findings suggest a potential link between FOXP3 and FAS pathways.
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Introduction

Primary immune dysregulation diseases are a group of monogenic disorders characterized by defective immune regulatory pathways (1–3). Their clinical presentation mainly comprises organ-specific autoimmunity, hyperinflammation, and nonmalignant lymphoproliferation. New sequencing technologies have improved the understanding of this ever-expanding group of disorders but they still often pose a diagnostic challenge because of their variable and complex phenotypic expressions and the overlap of symptoms between different entities (1, 4). Immunodysregulation, polyendocrinopathy, enteropathy, X-linked (IPEX) and autoimmune lymphoproliferative syndrome (ALPS) are archetypes of inborn errors of immunity (IEI) with immune dysregulation and have gained attention as models of monogenic autoimmunity.

IPEX syndrome is secondary to mutations in the Forkhead Box Protein 3 (FOXP3) gene, a transcription factor essential for regulatory T cell differentiation and function. Its clinical expression encompasses various combinations of autoimmune manifestations appearing early in life, with a characteristic triad comprising enteropathy, dermatitis, and autoimmune endocrinopathy, usually, type 1 diabetes (5).

ALPS represents a distinct pathologic mechanism for loss of immune tolerance caused by a defect in the Fas-FasL pathway. Noninfectious and nonmalignant lymphoproliferation associated with autoimmune cytopenias and a greatly increased lifetime risk of lymphoma constitute the major features of ALPS. The marking immunological phenotype remains an expansion of autoreactive double-negative T (DNT) cells (6), a subset of CD3+ cells bearing α/β T cell receptor (TCR), and negative for both CD4 and CD8 co-receptors. They massively accumulate in patients with ALPS but are also reported in other inflammatory and autoimmune conditions (7, 8). A chronic non-malignant lymphadenopathy, an elevation of peripheral DNT cells, and a defective apoptosis assay were first proposed as a required triad of criteria to establish the diagnosis of ALPS (9). Later on, serum sFasL, IL-10, and vitamin B12 were shown to be elevated in ALPS because of FAS mutations (ALPS-FAS), and their association to high DNT cells rose as an accurate predictor for the presence of germline or somatic FAS mutation (10, 11). Consequently, these biomarkers were included in the revised diagnostic criteria of ALPS to facilitate the patients’ identification particularly in settings where no access to advanced genetic analysis or functional testing are available (12).

The functional apoptosis test allows to detect a defective response upon Fas stimulation which results in abnormal cell survival and is sufficient for definitive ALPS diagnosis provided that required criteria are fulfilled (12). Therefore, defective Fas driven apoptosis is considered specific to ALPS and prompts molecular testing when a patient has suggestive clinical and laboratory features.

Despite the establishment of well-characterized ALPS diagnostic guidelines, phenotypic overlap with other primary immune dysregulation conditions still poses a diagnostic challenge (13). Indeed, previous reports have shown that LRBA deficiency, STAT3 GOF mutations and ITK deficiency may be misdiagnosed as ALPS and may share with it some clinical and immunological features (13–17).

Herein, we describe a patient bearing a novel FOXP3 mutation in the N terminal repressor domain of the protein who fulfills the current criteria for definitive diagnosis for ALPS (12, 18).



Case Description

Born to a non-consanguineous marriage, the patient had a family history of infant deaths without clearly identified causes. His clinical manifestations started at the age of 2 months and were marked by generalized squamous dermatitis and multiple adenopathies without hepatosplenomegaly. Langerhans cell histiocytosis diagnosis was initially proposed based on the presence of multiple CD1a+PS100+ cells in a retroauricular lymph node biopsy, then ruled out because of the atypical cutaneous manifestation and the absence of histiocytic proliferation. The dermatitis significantly improved after the use of topical corticosteroids and evolved to skin xerosis. At the age of 10 months, the clinical course was marked by the occurrence of a severe prolonged diarrhea episode with edema and hypoproteinemia requiring hospitalization. Etiological investigations, including coeliac disease autoantibodies screening, sweat test, and RAST test to cow milk proteins were all negative. The diarrhea resolved under symptomatic treatment with exclusion of cow milk and did not relapse. Interestingly, during this episode, biological investigations revealed hemolytic anemia with positive direct Coombs test (AIHA). The patient received oral prednisone at 2 mg/kg/day during 1 month followed by a progressive decrease during 3 months with a stabilization of the hemoglobin rate. At the age of 14 months, he presented with an Evans syndrome as revealed by epistaxis and purpura. The patient’s platelet level was very low with a normal platelet size, and his anemia was critical, requiring transfusion. He underwent corticosteroid treatment (prednisone, 2 mg/kg/day) and received intravenous immunoglobulins (1 g/kg) with a poor response. During hospitalization, he also experienced a resolutive episode of pneumonia. The clinical picture was further worsened by multiple relapses of Evans syndrome, which required full-dose corticosteroid (prednisone, 2 mg/kg) and two hospitalizations at age 18 months and 3 years (Figure 1). Following the initial period of recurrent corticosteroid-dependent cytopenias, he continued to receive full dose of corticosteroids, allowing full remission at the age of 4 years. Interestingly, corticosteroid has been decreased then stopped for 3 years. His follow-up at age 7 years showed a favorable outcome. His condition is now characterized by the persistence of chronic adenopathies with no histological signs of malignancy and skin xerosis. During this follow-up, no gastro-intestinal manifestations, no endocrinopathies, or other auto-immune manifestations were recorded with the exception of a recent episode of thrombocytopenia. His infectious course was characterized by the occurrence of recurrent episodes of otitis media.




Figure 1 | Timeline of the clinical events and treatment strategies. AIHA, autoimmune hemolytic anemia; IVIG, intravenous immunoglobulin.





Timeline

The timeline is presented in Figure 1.


Diagnostic Assessment

The diagnosis of IEI was suspected given the patient’s presentation. Preliminary immunological investigations showed polyclonal hypergammaglobulinemia (IgG: 15.51 g/L), elevated IgE, and hypereosinophilia. The standard immunophenotyping of lymphocyte subpopulations (T, B, and NK cells) assessed by flow cytometry was within the normal range. Lymphoproliferative responses to mitogens and antigens were normal. Recurrent Evans syndrome associated with chronic lymphoproliferations prompted the evaluation of ALPS criteria. Double negative T cells CD3+TCRα/β+CD4−CD8− percentage was increased, reaching 5.1%. Soluble FasL and IL-10 plasma levels were high. Apoptosis functional assay was performed on the patient’s EBV-transformed B-cells and showed severe resistance to Fas-mediated cell death in comparison to a healthy control, as confirmed in two separate experiments (Figure 2A). It has also been performed on the patient’s PHA-activated peripheral blood lymphocytes and confirmed the resistance to apoptosis as compared with healthy control (Figure 2A). This defect of apoptosis is persistent at age 7 years. All biological and immunological investigations are summarized in Table 1.




Figure 2 | Genetic and functional investigations (A) Apoptosis assay: The IPEX patient exhibits a significantly altered apoptosis. Fas-induced apoptosis in EBV-lymphoblastoid cell lines (EBV-LCL) or PHA-activated peripheral blood lymphocytes of the patient and a healthy control were stimulated for 24 h with or without APO-1-3 in the presence of protein A. Subsequently apoptosis was measured by flow cytometric detection of Annexin V-PE and 7AAD. For apoptosis in EBV-LCL, data represent two separate experiments and the T bars indicate the standard deviation. The dotted red line represents 50% of the cell death observed in the control. (B) Genomic DNA sequence analysis of FOXP3 gene showing a missens hemizygous mutation p.Pro75Leu in the patient, the mother was heterozygous for the mutation. (C) Multiple protein alignment showing the position of the conserved proline 75 residue in different species using the NCBI Multiple Sequence Alignment Viewer, Version 1.19.1. (D) FOXP3 expression in PBMCs after staining with anti-CD4/APC, anti-CD25/BB-515 and anti-Foxp3/PE as compared to healthy control. Treg cells were absent in patient’s unstimulated cells and induced after activation with anti-CD3 (aCD3)/anti-CD28 (aCD28) mAb during 72 h.




Table 1 | Results of the immunological investigations.



The criteria for definitive ALPS diagnosis were fulfilled. Indeed, the two required criteria (i.e., expanded double negative T cells and chronic lymphadenopathy) were present together with one accessory primary criterion, namely, defective lymphocyte apoptosis in two separate assays and two accessory secondary criteria, namely, autoimmune cytopenia with elevated polyclonal IgG and elevated plasma sFasL levels (>200 pg/ml) and IL-10 levels (>20 pg/ml). The resistance to Fas-driven apoptosis argued in favor of a defect in the Fas pathway. The FAS gene was screened by Sanger sequencing for mutations in all exons and intron-exon junctions, because FAS deficiency accounts for approximately 65% of all ALPS cases. Surprisingly, no FAS germline mutation was found. Somatic FAS mutations were excluded because their presence does not fit with the defective apoptosis assay.

Targeted NGS, using the PID v2 gene panel (including all known ALPS genes) and an Ion Torrent S5 sequencer identified a novel missense mutation c.224C>T (p.Pro75Leu) located in FOXP3. No variants in other genes were found, which might have contributed to the patient’s phenotype. Sanger sequencing confirmed the mutation using forward and reverse specific primers (5′CCATGAGCCTCAGTTTCCAT and 5′ CACCTTTGACCCCCAGAGTA). The patient’s mother was heterozygous for the same mutation (Figure 2B). This mutation is located in the repressor domain of FOXP3 and is not reported in 1000G or ExAC databases. The affected residue is conserved among vertebrates (Figure 2C), and the mutation is predicted to be deleterious in multiple in silico prediction tools (probably damaging in Polyphen2, damaging in SIFT and CADD score of 24).

To assess the consequences of the FOXP3 mutation, FOXP3 expression was performed in patient’s PBMCs as compared to healthy control, after staining with anti-CD4/APC, anti-CD25/BB-515 and anti-Foxp3/PE with or without activation for 72 h using anti-CD3/anti-CD28 monoclonal antibodies. FOXP3+ CD25+ cells were absent in patient’s unstimulated cells (0.1% of CD4+) but were induced after activation (27.8%) (Figure 2D).

The search for the presence of autoantibodies using an extensive set of antigens displayed negative results except for anti-cardiolipin IgG (Table 1).

To decipher the potential link between FOXP3 defect and the ALPS phenotype, and based on the hypothesis that Treg deficiency would induce an unrestrained activation of T effector cells that are resistant to Fas driven apoptosis (19), we performed an immunophenotyping of TEMRA cells. These cells have been defined as the latest stage of T-cell differentiation which accumulate through successive rounds of antigen encounters (20, 21) and could be induced by persistent re-stimulation of individual clones (22). We found increased percentage of CD4+ TEMRA cells in the patient reaching 24% (normal range for the age, 4–15%) (Table 1 and Figure 3A). Moreover, the patient showed high PD1 expression by 10.9% on CD4+T cells, one of the hallmarks of T cell exhaustion (23), in comparison to healthy controls (Figure 3B).




Figure 3 | Investigation of T cell exhaustion. (A) High percentage of TEMRA cells (Q3) was found in patient after whole blood staining with anti-CD3/PerCP, anti-CD4/FITC, anti-CD45RA/PE-Cy7 and anti-CCR7/PE as compared to one representative healthy control. (B) Increased surface expression of PD1 on the patient’s CD4+ lymphocytes as compared to one representative control..






Discussion

The classical IPEX presentation consists of a triad of symptoms, comprising diarrhea, autoimmune endocrinopathies and dermatitis (5, 24, 25). The most consistent clinical finding, often inaugural in this disease, is the exudative enteropathy (24). It classically begins very early, during the first few months of life, characterized by its persistence, and usually complicates with malabsorption and failure to thrive (5, 24, 25). The patient we report did first present with dermatitis and multiple adenopathies. Unlike in the IPEX classical presentation, this patient had a single limited episode of severe diarrhea at age ten months. Shortly after, he developed Evans syndrome associated with bleeding complications. Autoimmune cytopenias are a characteristic feature of ALPS. However, they are also observed in up to 26% of IPEX patients (25, 26). Moreover, the patient did not develop autoimmune endocrinopathies, which are frequently reported in IPEX patients and consist most commonly in type 1 diabetes mellitus occurring in the first year of life (5, 24, 25). It has been reported that in the absence of clinical disease, anti-glutamic acid decarboxylase antibodies or anti-islet cell antibodies may be positive (5). The screening of this patient’s serum for autoantibodies associated with endocrinopathies was negative, and no endocrine disorders were recorded during the follow-up. The patient’s clinical presentation was also marked by the occurrence of infectious manifestations consisting of recurrent media otitis and one episode of resolving pneumonia. This contrasts with the classical severe infections observed in IPEX patients, which may be life-threatening sepsis (5, 24, 25). Thus, the IPEX clinical presentation in this patient is unusual with mild or absent features of the characteristic IPEX triad and the predominance of an Evans syndrome. In this context, the persistence of benign adenopathies and hypergamma- globulinemia shaped a clinical picture more reminiscent of ALPS, the most typical IEI associated with autoimmune cytopenias (27). Moreover, the immunohistological pattern of sinus histiocytosis with S100 positive cells observed in the patient’s lymph node biopsy has not only been reported in ALPS (6) but also in a single description of IPEX patient (28).

The patient’s laboratory investigations showed hyper- eosinophilia and elevated IgE. The increase of these two parameters is common in IPEX patients. Although they are not usually characteristic of ALPS classical presentation, their increase was reported in patients with ALPS (29–31). Besides these overlapping features, the most striking finding in this observation is the presence of almost all ALPS biomarkers.

To our best knowledge, there are no published reports of IPEX associated with elevated ALPS biomarkers and a defective Fas apoptosis assay. Elevated DNT cells were initially considered as a hallmark of ALPS (9) and are still a required criterion for the diagnosis (12). This biomarker specificity has been challenged because other IEIs have displayed elevated DNT cells, such as LRBA deficiency, STAT3 GOF disease and CVID (13, 16). Elevation of DNT cells has also been reported in patients with autoimmune diseases (8, 32). However, when they exceed 4%, they are considered as highly predictive of FAS mutations (11). Nevertheless, high percentages of this subset, exceeding this threshold, have been recorded in LRBA deficiency, reaching 10% and in STAT3 GOF disease reaching 20% (13, 16). In our patient, DNT cells reached 5% and were associated with other ALPS biomarkers, including elevation of IL-10 and sFasL and a defective Fas-induced apoptosis. Interestingly, in a recent review of key diagnostic markers of ALPS, the combination of elevated DNTs and an abnormal in vitro apoptosis functional test was considered the most useful in identifying all types of ALPS patients (33). The combination of an abnormal in vitro apoptosis functional test and elevated sFasL was a predictive marker for ALPS-FAS group classification (33).

The FOXP3 mutation identified changed the diagnosis from ALPS to IPEX, clearly showing that NGS use is critical to unmask atypical presentations of IPEX and is reshaping the clinical and immunological spectrum of this rare and probably under-diagnosed disease (34). No less than 70 pathological variants have been identified in the FOXP3 gene (5, 35). Interestingly, some mutations were more frequently associated with a mild or atypical presentation (34), such as reported here with currently a favorable outcome. This contrasts with the classical outcome of IPEX syndrome, generally associated with a poor prognosis (24). The mutation we report resides in the N terminal proline-rich domain, thought to mediate the repressive activity of FOXP3 (36). On another hand, the mutation is located in exon 3, which is the second coding exon (the first being a non-coding one) of a total of 12 exons. It is worth mentioning that some of these exons could be alternatively spliced leading to naturally occurring FOXP3 isoforms and may be associated with slower kinetics of FOXP3 export (37, 38). The mutation we identified was associated with the absence of CD4+CD25+FOXP3+ cells. Since steroid administration may reduce FOXP3 expression, the latter was assessed after activation and found to be restored. This finding is in accordance with the study of Gambineri et al. (39), showing that some FOXP3 mutations may not hinder protein expression after activation despite initial very low levels of Treg. The assessment of the correlation between restored FOXP3 expression and residual Treg function must be further investigated and may explain the moderate clinical phenotype of the patient.

The defect of apoptosis assay observed in the patient is somewhat intriguing. An altered functional apoptosis assay was previously observed in other immune regulation disorders, such as STAT3 GOF disease and LRBA deficiency (14, 16). Resistance to apoptosis in STAT3 GOF disease appears to be secondary to a disturbance in the balance of BCL2 family proteins, which are critical intrinsic regulators of the apoptotic pathway (16). The compromised Fas triggered apoptosis described in LRBA deficiency is suggested to be due to an altered autophagy. Indeed, autophagy is significantly reduced in LRBA deficient cells and has been shown to facilitate Fas-mediated apoptosis (14).

The Treg deficiency in the patient could result in unrestrained activation of T effector cells. The latter would become exhausted and thus resistant to apoptosis (19). Consistent with this hypothesis, we found increased CD4+TEMRA cells and PD1 expression in patient as compared with healthy controls.

On the other hand, defective FOXP3 observed in the patient could intrinsically induce increased proliferation and resistance to apoptosis in T effector cells, as herein reported. There is evidence in the literature that the amount of FOXP3 expressed within a cell controls the balance between life and death. Indeed, it has been shown that T cells from mice and humans that lack functional FOXP3 are hyper-responsive to TCR stimulation, and those from mice that overexpress FOXP3 are hypo-responsive to TCR-mediated stimulation as manifested by the reduction in proliferative capacity. Consequently, defect in cell cycle progression after TCR engagement may result in altered apoptosis (40).

In summary, this case expands the clinical spectrum of Foxp3 deficiency and suggests a potential link between FOXP3 and the FAS apoptotic pathway that requires further investigation.



Patient Perspective

The patient did adhere to the treatment proposed. He and his family were satisfied by the relative improvement of his clinical condition.
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Background

Glioma is the most common type of primary brain tumor in adults. Patients with the most malignant form have an overall survival time of <16 months. Although considerable progress has been made in defining the adapted therapeutic strategies, measures to counteract tumor escape have not kept pace, due to the developed resistance of malignant glioma. In fact, identifying the nature and role of distinct tumor-infiltrating immune cells in glioma patients would decipher potential mechanisms behind therapy failure.



Methods

We integrated into our study glioma transcriptomic datasets from the Cancer Genome Atlas (TCGA) cohort (154 GBM and 516 LGG patients). LM22 immune signature was built using CIBERSORT. Hierarchical clustering and UMAP dimensional reduction algorithms were applied to identify clusters among glioma patients either in an unsupervised or supervised way. Furthermore, differential gene expression (DGE) has been performed to unravel the top expressed genes among the identified clusters. Besides, we used the least absolute shrinkage and selection operator (LASSO) and Cox regression algorithm to set up the most valuable prognostic factor.



Results

Our study revealed, following gene enrichment analysis, the presence of two distinct groups of patients. The first group, defined as cluster 1, was characterized by the presence of immune cells known to exert efficient antitumoral immune response and was associated with better patient survival, whereas the second group, cluster 2, which exhibited a poor survival, was enriched with cells and molecules, known to set an immunosuppressive pro-tumoral microenvironment. Interestingly, we revealed that gene expression signatures were also consistent with each immune cluster function. A strong presence of activated NK cells was revealed in cluster 1. In contrast, potent immunosuppressive components such as regulatory T cells, neutrophils, and M0/M1/M2 macrophages were detected in cluster 2, where, in addition, inhibitory immune checkpoints, such as PD-1, CTLA-4, and TIM-3, were also significantly upregulated. Finally, Cox regression analysis further corroborated that tumor-infiltrating cells from cluster 2 exerted a significant impact on patient prognosis.



Conclusion

Our work brings to light the tight implication of immune components on glioma patient prognosis. This would contribute to potentially developing better immune-based therapeutic approaches.
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Introduction

Glioma is the most common type of primary brain tumors in adults, with the most aggressive form known as glioblastoma. Glioma patients are known to be extremely resistant to chemotherapy. Indeed, such a trait is the leading cause of cancer-related mortality and morbidity (1, 2). Patients with glioma have a median overall survival of <16 months (3). The World Health Organization (WHO) classified gliomas into two groups, low-grade glioma (LGG) assembling grades I and II, and high-grade glioma (HGG) of grades III and IV (4, 5). Furthermore, based on histological and molecular features, glioma patients can be stratified into oligodendroglioma or astrocytoma (LGG) and glioblastoma (HGG) with clinically relevant molecular subtypes including mesenchymal, proneural, neural, and classical. Nevertheless, these features can be associated with tumor niche (stromal cells, reactive astrocytes, tumor cells, and immune cells), patient survival, and prognosis (6, 7).

Previous studies on glioma have provided an overview regarding tumor initiation and development (8, 9). As a matter of fact, a variety of chemoattractant and inflammatory cytokines secreted by either cancer or immune cells play a pivotal role in glioma tumor progression by attracting Treg cells into the tumor microenvironment, thus inhibiting NK cell activity and hampering the activation of effector T cells. Moreover, it leads to a plasticity phenomenon that leads to the conversion of tumor-associated macrophages (TAMs) from M1 state to an anti-inflammatory M2 phenotype and T cell transition from Th1 toward a Th2 phenotype which are often associated with poor outcome (6, 10–12). Hence, the cross talk between tumor and the immune cells results in the establishment of an immunosuppressive tumor microenvironment, which promotes tumor escape and cancer progression.

Over the past few years, several immunotherapeutic approaches have been developed (13); however, clinical trials testing vaccines, cell adoptive transfer, and immune checkpoint inhibitors (ICIs) point to a lack of efficacy (14–16).

This failure has shifted the focus toward a more thorough understanding of the distinct components of the glioma microenvironment (17–19). Glioblastomas are very low-immunogenicity tumors (16), enriched with immune-suppressive T cells mainly embedded in the central nervous system (20). As a matter of fact, future treatment strategies should be designed based on an improved understanding of key immune cell interactions with glioma cells.

Recently, computational analyses of RNA-seq data have demonstrated that a glioblastoma microenvironment lacking central memory CD4 T cells or natural killer (NK) cells is further correlated with better prognosis, and the expression levels of ICOS and TNFSF14 were negatively associated with clinical outcome (21). It has also been reported that the glioblastoma microenvironment contains hub genes (CCT3, OLIG2, PSMB9, TRIM21) that were associated with distinct immune cell infiltration characterized by the expression of immune checkpoints and are further involved in cancer development and progression in patients with high-grade glioblastoma (22–24). In low-grade glioma, the expression level of transforming growth factor beta 1 (TGF-β) and programmed cell death ligand 1 (PDL1) was positively correlated with immune risk score, and prognostic hub genes that were positively correlated with immune cell infiltration have also been revealed (25, 26). Notably, T follicular helper (TFH) cells, activated NK cells, and macrophages have been demonstrated to be independent predictors for malignant transformation in low-grade glioma (27). Furthermore, it has been suggested that the expressions of JAK3, IL2Rß, and CD3ε are further associated with the presence of B cell memory and CD8 T cells, which adversely impact immune cell response in the tumor microenvironment (28). As a matter of fact, Qiu et al. recently demonstrated, through their PROMISE model, differences in immune cell abundance between risk groups (29). Although innate immune cells such CD8 T cells were upregulated and further associated with good prognosis, a downregulation of TFH cells was observed in the high-risk group of glioma patients (29). Zhong et al. demonstrated that resting NK cells, CD8+ T cells, TFH cells, gamma delta T cells, and M0 macrophages were negatively related to prognosis. However, their proportion was significantly related to patient’s age and sex (30).

Nevertheless, these studies assessed low-grade glioma or glioblastoma patients individually and did not consider both subtypes as a whole to identify striking resemblance and active involvement of immune genes in glioma patients.

Here we assessed the presence of two distinct groups of glioma patients. The first group, defined as cluster 1, was associated with better patient survival, whereas the second group, cluster 2, exhibited a poor survival. Interestingly, a strong presence of activated NK cells was revealed in cluster 1. In contrast, potent immunosuppressive components such as regulatory T cells, neutrophils, and M0/M1/M2 macrophages were detected in cluster 2, where inhibitory immune checkpoints, such as cytotoxic T-lymphocyte-associated protein 4 (CTLA4), lymphocyte-activation gene 3 (LAG3), and T cell immunoglobulin mucin 3 (TIM3), were also significantly upregulated. Finally, Cox regression analysis further corroborated that tumor-infiltrating cells from cluster 2 exerted a significant impact on patient prognosis. Our results pinpoint that the immune response type impacts the clinical outcome of glioma patients.



Materials and Methods


Data Analysis From TCGA and Independent Datasets

The workflow of our study is shown in Figure 1. Molecular data, including mRNA expression of LGG (n = 516) and GBM (n = 154) patients, were downloaded from The Cancer Genome Atlas (TCGA) data portal (https://www.cbioportal.org/). Clinical data related to glioma patients were downloaded altogether with matrix mRNA gene expression.




Figure 1 | Graphical abstract.





Quantification of Immune Signature Enrichment Levels in Glioma Patients

We analyzed 22 immune signatures (e.g., CD8+ T cells, CD4 naive T cells, Treg cells, naïve B cells, memory B cells, plasma cells, CD4 memory resting T cells, CD4 memory activated T cells, follicular helper T cells, gamma delta T cells, resting NK cells, activated NK cells, monocytes, macrophages M0/M1/M2, resting dendritic cells, activated dendritic cells, resting mast cells, activated mast cells, eosinophils, neutrophils). The enrichment level of this immune signature in glioma samples was quantified as the mean expression level of immune signature marker genes. We, therefore, used CIBERSORT (https://cibersort.stanford.edu/index.php) which estimates the relative fraction of each cell type in the signature matrix, such that the sum of all fractions is equal to 1 for a given mixture. The absolute immune fraction score was estimated by the median expression level of all genes in the signature matrix divided by the median expression level of all genes in the mixture.



Hierarchical Clustering

To compare distinct immune cell infiltration genes in glioma patients, unsupervised hierarchical clustering was performed to group the 658 patients into two subgroups termed cluster 1 (n = 293) and cluster 2 (n = 365).



Global Gene Expression Analysis

Differential gene expression (DGE) analysis with RNA-seq data was performed using the R package.

An average raw read count for each gene >1 was applied to determine candidate genes that were reasonably expressed. The expression fold change (FC) denotes upregulation or downregulation according to the FC value. Subsequently, log FC, log CPM, p-value, and the corresponding false discovery rate (FDR) were all reported by the R package. FDR < 0.05, log CPM > 1, and |log FC| > 2 were set as inclusion criteria for DEG selection.



Association of Immune Signature Enrichment Levels With Various Molecular Features

R Programming Environment (version 3.2.5) and Bioconductor were used for preprocessing and data analysis. For data filtering and quality control, the following methods were used. The median rank scores were identified in the dataset, and quartile normalization was performed. Data were visualized as Uniform Manifold Approximation and Projection (UMAP) which engage different parameters such as the distance between points and number of neighbors for a better reduced dimensional representation. We identified the upregulated genes that were significantly associated with immune signature enrichment levels (ISELs) using the Mann–Whitney U test.



Gene-Set Enrichment Analysis

We used FunRich to identify the KEGG pathways that were significantly associated with the genes having an important expression correlation with the immune signature using a threshold of FDR < 0.05.



Survival Analysis

We compared the overall survival (OS) between clusters and in the glioma cohort. We used Kaplan–Meier survival curves to show the survival time differences and the log-rank test to assess the significance of survival time differences. Statistical analyses were carried out with GraphPad Prism 5.0 software (GraphPad Software, Inc., La Jolla, CA, USA). Single comparisons between two groups were performed with Student’s t-test.

Univariate and multivariate Cox regression analyses were used on tumor-infiltrating immune gene signature and clinical parameters, including IDH status and age in TCGA cohorts.

Cox regression analyses were used to evaluate the prognostic effect of the immune signature on glioma patient prognosis and were performed using the R Programming Environment (version 3.2.5) and Bioconductor. To evaluate the difference between groups, the hazard ratios HR ≥ 1 and p-value of ≤0.05 were considered significant.




Results


Independent Immunostimulatory and Immunosuppressive Profiles of Glioma Patients

To identify the role of distinct tumor-infiltrating immune cells in glioma patients, a transcriptomic dataset from the Cancer Genome Atlas (TCGA) cohort (153 GBM and 512 LGG patients) was analyzed in this study. A pretreatment step of glioma transcriptomic data was carried out by emerging LGG and HGG databases, followed by a harmonization step. The unsupervised hierarchical clustering after the enrichment analysis enabled us to demonstrate the presence of two distinct clusters (groups of patients). The first group defined as cluster 1 was characterized by an immunostimulatory profile gathering monocytes, naïve B cells, plasma cells, naïve CD4+ T cells, activated mast cells, NK cells, and T follicular helper cells, whereas the second group (cluster 2) was enriched with immunosuppressive immune cells such as neutrophils, M0/M1/M2 macrophages, regulatory T cells (Tregs), resting mast cells, resting NK cells, resting CD4 memory T cells, and memory B cells (Figure 2A).




Figure 2 | Segregation of enriched immune cell subsets by unsupervised hierarchical clustering. Hierarchical clustering of immune cell frequency in glioblastoma samples. RNA sequencing (RNA-Seq) gene expression data was analyzed with CIBERSORT to quantify the amount of different immune cells in the TCGA glioblastoma samples. Hierarchical clustering of these quantities after normalization is shown in the heat map. (A) Hierarchical clustering of immune cell frequency in glioblastoma samples, (B) Glioma Subtype groups (GBM and LGG) localisation in cluster 1 and 2; (C) Glioma IDH mutation status localisation in cluster 1 and 2. The cluster of samples enriched in immunosuppressive immune cells are represented in cluster 2 (red); the cluster of samples enriched in activated immune cells are represented in cluster 1 (blue). Hierarchical clustering was performed using Euclidean distance and complete linkage methods.



We further integrated clinicopathological parameters such as IDH status and glioma subtypes (LGG and GBM) to this hierarchical clustering, to assess whether the two clusters were correlated with these parameters. As shown in the hit map (Figures 2B, C), cluster 1 contains mainly LGG patients with only six GBM patients inside. However, the majority of GBM patients were grouped in (cluster 2). Moreover, a greater part of LGG patients with IDH mutant and 1p19q codeletion (codel) were gathering in cluster 1. Further, LGG patients with IDH wild-type or IDH mutant with 1p19q non-codeletion (non-codel) were likewise distributed within two clusters.

In order to confirm these results, we used high-dimension reduction algorithm that is based on manifold learning and nonlinear dimensionality reduction, used here as an effective preprocessing step to boost the performance of clustering. These results were confirmed either by increasing the distance between points (near neighbors) or by adding UMAP parameters (Canberra, Cosine, Dice) that control the balance of local versus global structure in our data. Indeed, we could observe the same clusters, which clearly suggest that this clustering depends on patients’ immune profiles rather than clinicopathological parameters (Figures S1A, B and Figures S2A, B).



Difference in Immune Cell Abundance Within the Clustered Patients

To confirm that unsupervised clustering could mostly be driven by the immune enrichment profile in patients with gliomas associated with the tumor microenvironment, we used this time UMAP to score the intensity of each infiltrated immune cell population within the clustered patients (Figure 3). As a matter of fact, we observed more naive B cells, plasma cells, naive CD4 T cells, TFH cells, monocytes, activated mast cells, and activated NK cells in cluster 1 than in cluster 2. When compared to cluster 1, cluster 2 seems to gather more less memory B cells, CD4 memory resting T cells, CD4 memory activated T cells, regulatory T cells, resting NK cells, M0/M1/M2 macrophages, resting dendritic cells, resting mast cells, and neutrophils. According to the Wilcoxon test, there were statistically significant differences in the immune cell subtypes between the two clusters (p < 0.05; FC > 2) (Figure 4), which confirm the immunosuppressive trait of cluster 2 relative to cluster 1. Indeed, these results highlight the weight of the immune profile on patients.




Figure 3 | Uniform Manifold Approximation and Projection (UMAP) plots of transcriptomic profiles from glioblastoma datasets. Clustering of tumor-infiltrating immune cell populations (T regulatory cells, dendritic cells, macrophages M0, M1, and M2, CD8 T cells, activated CD4 T cells, activated NK cells, resting NK cells, B cells, T follicular helper cells); intensity of immune cell frequency within the clustered patients (cluster 1 and cluster 2). Light blue reflects a high enrichment intensity, and dark blue is associated with low infiltration intensity.






Figure 4 | Differential distribution of immune cell proportion within the two clusters of glioma patients. Violin plots present the distribution of each immune subset. Violin plots show median values (black horizontal lines) in glioblastoma data. The Wilcoxon test shows statistically significant differences in the immune cell subtypes between the two clusters (*p < 0.05, **p < 0.01, ****p < 0.0001, ns, statistically no significant).





Association of Immune Checkpoints Overexpression With Immunosuppressive Status

Considering the critical role of the immune checkpoint inhibitors such as programmed-death receptor-1 (PD-1) and cytotoxic T lymphocyte antigen-4 (CTLA-4), not only in the negative regulation of T-cell activity but also in modulating T-cell migration into tissues (31), we aimed to compare the expression level of immune checkpoints between cluster 1 and cluster 2. As illustrated in Figure 4, PDL-1, CTLA-4, TIM-3, LAG-3, band T lymphocyte-associated (BTLA), inducible T cell costimulator (ICOS), inducible T cell costimulator ligand (ICOSL), and GATA-binding protein 3 (GATA-3) expressions were significantly higher in cluster 2 than in cluster 1 (p value <0.05; FC > 2).

Furthermore, a significant correlation between the expressions of PD-1, BTLA, and ICOS has been observed. In addition, our results showed that infiltration of immune cells such as CD8 T cells was associated with the expression of GATA3. Activated CD4 memory T cells and macrophages (M1/M2) were importantly correlated with expressions of BTLA and ICOS [r (-1 to +1), p<0.05]. Moreover, regulatory T cells were highly correlated with CD4 memory T cells, resting NK cells, macrophages (M0), and resting mast cells. Likewise, activated NK cells were associated with plasma cells, B cells naïve, follicular helper T cells, eosinophils, and activated mast cells (Figure 5 and Figure S3).




Figure 5 | Differential gene expression of immune checkpoint within the two clusters of glioma patients. Violin plots represent the relative mRNA gene expression in the two clusters (pink: cluster 1; red: cluster 2). Each dot represents a sample. Violin plots show median values (black horizontal lines) in glioblastoma data. The two-tailed independent test was applied. p values of differences between groups are shown above (p < 0.05, ****p < 0.0001, ns, statistically no significant).



Our results suggest that NK cells, plasma cells, naïve B cells, follicular helper T cells, eosinophils, and activated mast cells cooperatively exhibit a balance of inhibitory and activating signals in cluster 1 where the cells expressed fewer immune checkpoints.



Relevant Activator and Inhibitor Markers to Guide Characterization of Glioma Clusters

To further deepen our investigation on the identified clusters, we performed differential expression gene (DEG) analysis based on 10,000-gene fold change expression within each cluster. As a matter of fact, we used as a fold change cutoff FC > 0.5 and FC < -0.5; all downregulated genes and upregulated genes are shown in the volcano plot (Figure 6).




Figure 6 | Differentially expressed genes at a Bonferroni-corrected p-value. Volcano plot showing upregulated genes in cluster 1 shown in red vs. upregulated genes in cluster 2 shown in blue while non-DE genes are in black.



Our results demonstrated that, on the one hand, genes such as neural cell adhesion molecule 1 (NCAM1), neural cell adhesion molecule 2 (NCAM2), MHC class I polypeptide-related sequence B (MICB), killer cell lectin-like receptor K1 (NKG2D), and interleukin 12 (IL-12) described as markers of activation were exclusively upregulated in cluster 1. On the other hand, the expressions of genes such as TGFβ, IL-10, interleukin 6 (IL-6), GATA3, regenerating family member 1 (REG-1), RAR related orphan receptor C (RORC), LAG3, CTLA4, cluster of differentiation 276 (CD276), cytokine-inducible SH2-containing protein (CISH), and cluster differentiation (CD44), further associated with the inhibition of T cell effector activity, were upregulated in cluster 2, where immunosuppressive populations are strongly enriched, as we previously demonstrated. Indeed, we could clearly observe the consistent link between the upregulated genes in each immune cluster component.



Immune Cell-Dependent Prognostic Drivers of Glioma Patients’ Survival

To assess whether the difference in immune components and other upregulated genes within cluster 1 and cluster 2 would reliably affect patient prognosis, we performed Kaplan–Meier (K-M) analysis between the two clusters. As a matter of fact, cluster 2 was strikingly associated with poor survival (at 50% of overall survival (OS), the survival median was at roughly 25 months) (p < 0.0001), which fits our results (Figure 7).




Figure 7 | Kaplan–Meier survival probability of the two clusters of glioma patients. Red curve represents overall survival (OS) of cluster 2 patients. Blue curve represents overall survival (OS) of cluster 1 patients, with p value < 0.0001.



Then, we conducted a univariate Cox regression analysis based on clinical features and tumor-infiltrating immune cell parameters of cluster 2 patients for assessing prognostic factors that independently influence glioma patient survival (Table 1).


Table 1 | Multivariate analysis of the mean tumor-infiltrating immune cells in cluster 2 and glioma clinicopathologic features (IDH status, age).



However, we have demonstrated by multivariate Cox regression analysis that regulatory T cells (Treg), neutrophils, and macrophages M0/M1/M2 are key drivers of cluster 2 patient survival, since the Ex coefficients were respectively 7.662e+00, 5.288e+01, 1.974e+04, 1.974e+04, and 1.765e+00; p < 2 e-6; and hazard ratio (HR) ≥ 1 (Table 1). These results might shed light on the importance of immune infiltrate when establishing patient diagnosis, a key feature that might influence glioma patient overall survival.




Discussion

The tumor microenvironment plays an important role in glioma pathogenesis. Here, we provided the immune signature, which might impact glioma patient prognosis. Using LM22 CIBERSORT, followed by unsupervised hierarchical clustering and UMAP dimensional reduction algorithms, we identified two clusters in glioma patients. These clusters were associated with immune infiltration character which is basically related to some specific expressed genes inside the tumor microenvironment and further associated with either good or poor prognosis. Thus, even though clinico-pathological parameters were added to the unsupervised clustering, those two groups of patients were identified independently of other prognostic parameters such as IDH status and glioma subtype. Then, we employed different methods to confirm our unsupervised clustering. Indeed, our data highlight the strength of the defined immune cells shown in terms of hierarchically clustering our patients.

As a matter of fact, we found that cluster 1 was highly correlated with naive B cell, plasma cell, naive CD4 T cell, T follicular helper cell, NK cell, and monocyte infiltration. It has been previously reported that B cell infiltration in melanoma, breast, and lung cancers was positively correlated with a better survival (32, 33). Indeed, naive B cells and plasma cells can enhance an efficient immune response by activating cytotoxic T cell response (34). Furthermore, B cells have been described as a central player in the response to immune checkpoint blockade in patients with metastatic melanoma and renal cell carcinoma, through the activation of T cells and the generation of IgG subclasses of antibodies (35–37). Moreover, combining radiation, PD-L1 inhibition, and B cell-based vaccine that consists of 4-1BBL+B cell activation promoted glioma cell regression by 80% in mice (38).

Besides, the presence of cytotoxic immune cells such as NK cells is associated with a good prognosis in glioma patients (39). Considering the role of NK cells in glioma immunosurveillance, many clinical trials focus on CAR-NK cells for the treatment of glioblastoma patients (40, 41).

Naïve CD4 T cells can proliferate and differentiate into an effector ThCTL subpopulation which contributes to an effective antitumor response through antigen recognition of peptides presented by MHC class II molecules following CTLA4 blockade (42). Yet, it has been reported that naïve T cells are missing in the glioblastoma microenvironment due to their sequestration in the bone marrow (43). Our data consolidate the thought that cluster 1 is enriched by antitumoral cell subsets with immunostimulatory characteristics.

Our results not only showed that cluster 2 was poorly enriched in activated and cytotoxic T cells but also underlined the high prevalence of M0 and M1 macrophages and neutrophils. Moreover, Treg cells and M2 macrophages were highly enriched in this group of glioma patients. Moreover, Treg accumulation in the tumor microenvironment was associated with antitumor T cell repression (44), poor prognosis (45), and resistance to vascular endothelial growth factor (VEGF) therapy in glioblastoma (46). The predominance of M2 macrophages in the glioma microenvironment has been described to be associated with poor survival and resistance to radiotherapy, whereas M1 macrophages have been reported to be less abundant in high-grade glioma and expression of M1 marker C–C motif chemokine ligand 3 (CCL3) was further associated with a good survival (47, 48). Moreover, clinical data suggest that neutrophils were associated with poor prognosis and tumor progression in glioma patients (49, 50). Altogether, these studies and our results come to strengthen the hypothesis that the immune infiltrate components should be taken into consideration when establishing patients’ diagnosis. These data show that cluster 2 is infiltrated by pro-tumoral cells with immunosuppressive properties.

According to the results of patients responding to anti-PD-1/anti-PD-L1 immunotherapy, Mellman and colleagues described two categories of microenvironment immune profile. The first is “immune inflamed tumor” that exhibits a preexisting antitumor immune response and provides a more favorable environment for T cell activation and renewal. The second profile is named “non-inflamed tumors” where cells are in a pausing state either in the parenchyma or in the tumor stroma and release more immunosuppressive cytokines (51). Our observations demonstrated that the immune components of cluster 1 patients presented similar features to “immune inflamed tumor” such as the abundance of IL-12, MICB, NCAM1, NCAM2, and NKG2D while the second group (cluster 2) seemed to exhibit some of the “non-inflamed tumors” characteristics such as the expressions of TIM3, PDL1, IL-10, and TGF-β.

Differential expression genes revealed the top genes that are, according to the literature, distinctively associated with an antitumor immune response in cluster 1 (MICB, NKG2D, NCAM1, NCAM2, and IL-12). As a matter of fact, MICB overexpression by tumor cells activates cytotoxic lymphocyte functions such as lysis and elimination of cancer cells through NKG2D receptor activation (52, 53). Furthermore, NKG2D receptor and NCAM upregulation triggers cytotoxic effector functions and provides costimulatory signals for NK cells, CD8 T cells, and ɣϨT cells (54–56). Moreover, IL-12, which plays a key role in changing tumor microenvironment composition from one that contains less differentiated Th0 cells to one that has more inflammatory Th1 cells, was also upregulated (57). Besides, TLE3 upregulation may also induce cell cycle arrest and tumor growth suppression via inhibition of MAPK and AKT pathways (58, 59). On the other hand, GATA2 upregulation induces cell surface PDL-1 and PDL-2 expression in brain tumors, and its inhibition has been reported to stimulate chemotherapy-mediated apoptosis in human AML cells overexpressing GATA2 (60, 61). Further, BCL6 overexpression has pro-survival and proliferative activities of glioma cells; its expression in monocytes/macrophage lineage reduces the antitumor immune response and increases the immunosuppressive microenvironment. It has been demonstrated recently that BCL6 deletion in Treg cells significantly inhibited tumor progression (62–64).

Most interestingly, upregulated genes in cluster 2 (TGFβ, IL-10, IL-6, GATA3, REG-1, RORC, LAG3, CTLA4, CD276, CISH, and CD44) were related to an activated regulatory T-cell phenotype. Indeed, transcription factors such as GATA3 and RORC are further related to the differentiation of CD4 T cells into Th17 that plays a pivotal role in regulatory T cell generation and recruitment (61–64). TGF-β and IL-10 are anti-inflammatory, which, produced by many cell types, play a crucial role in inhibiting the antitumor immune response in glioma (65–67) by activating the polarization of M0 into M1 or M2 macrophages (68–70). Strikingly, CD276 and nuclear factor interleukin 3-regulated (NFIL3) overexpression is capable of inducing T cell immunosuppression (71, 72). Moreover, the co-expression of PD-1 with other inhibitory receptors, such as PDL-1, TIM-3, LAG3, and CTLA-4, induces effector T cell exhaustion (73, 74). It has also been reported that the PD-1/PDL-1 pathway is significantly correlated with the most aggressive histological subtype of glioma (75, 76). This could reflect the importance of the complex mechanisms established by the tumor microenvironment to suppress the antitumor immune response.

Our survival results highlight the importance of immune parameters in the outcomes of glioma patients and could further be considered as the most suitable predictive feature when adopting new treatment strategies. So far, clinicopathological and genetic features could not be used as predictive parameters in glioma patients’ survival. In fact, glioma patients who have been grouped based on similar clinical characteristics could still present contradictory outcomes (25, 77).

Cox regression results indicated that macrophages M0/M1/M2, neutrophils, and Treg cells might have a detrimental impact in cluster 2 patients’ survival. Our findings shed light on the importance of immune infiltration on glioma patients’ survival. Differential expression of the immune checkpoint inhibitors between cluster 1 and cluster 2 might occur due the presence of macrophages and Treg cells. Indeed, cluster 2 exhibited a high expression of immune checkpoints and was mainly enriched with macrophages M0/M1/M2, neutrophils, and regulatory T cells. In fact, these cells could be involved in the upregulation of checkpoint expression and thus the inhibition of cytotoxic T cell activities (cluster 2). Therefore, understanding the signaling pathways of these cell subsets and their interaction with immune checkpoints would provide more information to define best-suited treatment strategies for glioma patients.

Over the past decade, it has been strongly believed that glioma patients exhibit resistance to adjuvant therapy. As a matter of fact, several resistance mechanisms limit the efficiency of classical treatments (78). Moreover, glioblastoma bears characteristics that contribute to significant therapeutic resistance by preventing adequate control of the entire tumor mass by drugs. Glioblastoma therefore facilitates escape mechanisms by mediating blood–brain barrier junction proteins dysfunction (79). Understanding the different interactions that occur inside the tumor microenvironment is crucial to conceive reliable therapeutic approaches.

Our findings shed light on the importance of using some immune markers to further stratify high- and low-risk glioma patients in order to suggest the adequate treatment for each group. As a matter of fact, Treg and NK cell infiltration rates found within cluster 2 in our study further indicate that this group would probably respond to NK activation treatment or to Treg cell targeting.

Our study comes with important findings which should be further corroborated. As a matter of fact, we have used CIBERSORT to identify critical immune infiltration subtypes. However, given that LM22 involves a limited set of genes and that we still lack evidence for a direct role of each cell subtype within glioma TME, a deepened characterization of immune infiltrates in glioblastoma might be necessary to further strengthen our findings.



Conclusion

Our work brings to light the tight implication of immune components on glioma patient prognosis. Moreover, characterizing immune subsets in the tumor microenvironment could also provide predictive factors that would contribute to potentially developing better immune-based therapeutic approaches.
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Introduction

Systemic sclerosis (SScl) is an autoimmune disease whose prevalence is rarely reported in Africa. Autoantibodies are the biomarkers of the condition, precede overt disease and determine disease phenotypes. SSc specific autoantibodies also vary between racial groupings. Objective: To investigate the clinical and laboratory characteristics of Zimbabwean patients who were reactive SSc specific autoantibodies.



Materials and Method

240 patients, 173 of them female with SSc specific autoantibodies were included. Autoantibodies were detected by indirect immunofluorescence microscopy and immunoblotting using a panel of 13 SScl (Euroimmun Ag., Germany). Demographic, clinical and laboratory parameters relevant to the monitoring of SScl were captured. These included pulmonary function tests, hematology, clinical chemistry, serology and thyroid function tests. Allergy skin prick tests (SPT) to inhalant and food allergen sources were conducted when indicated.



Results

All the 240 patients (median age was 36 years) expressed SSc specific autoantibodies. 86% were Black, 11% White and 3% Asian and a fifth (20%) were younger than 16 years. Eleven (4.6%) fulfilled the ACR/EULAR classification of SSc. Clinically they had limited cutaneous (n=6), diffuse cutaneous (n=3) and SScl/inflammatory myopathy overlap (n=2). The most frequently detected antibodies anti-RNA polymerase III (RNAP) 55%, anti-Th/To (28%) anti-RNAP 11 (22%), anti-CENPB (18%) and anti-Scl-70/ATA (13%). Racial variations in the expression of these antibodies were apparent between Black, White and Asian patients. The majority (95%), who did not fulfil the ARA/EULAR criteria were symptomatic. Raynaud’s Phenomenon was documented in 24%. Respiratory symptoms included coughing, dyspnea and wheezing. There was a restrictive ventilatory defect with increased FEV1/FVC ratio. Pruritus, urticaria and skin depigmentation were the main cutaneous features while constipation, bloating, Gastroesophageal reflux disease (GERD) and abdominal pain dominated GI symptoms. Mean blood pressure readings while normal varied with biomarkers. Haematology and biochemistry parameters were within normal reference ranges.



Conclusion

The expression of SSc specific autoantibodies is common and associated with known SSc symptoms. The types and frequency of autoantibodies varied with racial groupings. A fifth of the patients were children below the age of 16 years.
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Introduction

Systemic sclerosis (SSc) is a multisystem autoimmune condition that characterized by cutaneous changes, microvascular abnormalities, visceral fibrosis and internal organ dysfunction (1). SSc specific autoantibodies are detected in over 95% of SSc patients and some are included in the international classification criteria for the condition. The diffuse cutaneous (dcSSc) or limited cutaneous (lcSSc) variants are described on the basis of the extent of skin involvement (2). The variants are respectively associated with the SSc specific autoantibodies, anti-topoisomerase I antibodies (ATA) (also known as anti-Scl-70) and anti-centromere antibodies (ACA) whose detection is mutually exclusive. Some patients with anti-RNA polymerase (RNAP) antibodies have the dcSSc phenotype. The skin changes that are universal in advanced disease may be subtle in early disease. Autoantibodies are detectable at all stages and may temporally correlate with the presence of Raynaud’s Phenomenon (RP) a recognized early feature and precursor of SSc. Autoantibodies are diagnostic and predict organ involvement, disease phenotypes and clinical outcomes (3–6). A limited number of autoantibodies are included in the ARA/EULAR classification criteria (7). This SSc classification describes cutaneous changes in symptomatic patients with detectable (anti-ATA, anti-ACA, anti-RNA polymerase III) but does not adequately address non-cutaneous respiratory, gastrointestinal or endocrine symptoms that are early disease features (8).


Pathology

The pathogenesis of SSc involves interplay between an exposure to unidentified trigger, the processing of such an antigenic trigger by genetically predisposed individuals and an immune response that triggers autoreactivity. The systemic immune response culminates in multi-system endothelial cell proliferation, smooth muscle hypertrophy, myofibroblast activation and extracellular matrix synthesis. Host tissue specific autoantibodies that can precede ARA/EULAR classifiable disease by many years are produced in this immune response cascade (4).



Clinical Presentation

Early SSc manifestations are non-specific, and depending on affected organs the symptoms can be variously confused with asthma, dermatitis, rheumatic disease or food allergy. Raynaud’s Phenomenon (RP) is one of the early features and, in the presence of SSc-specific autoantibodies predicts the development of SSc in patients (9). The types of autoantibodies detected influences the disease phenotypes and the type and extent of organ involvement. Clinical phenotypes vary with the types of autoantibodies. Some autoantibodies have been associated with malignant conditions.

SSc specific autoantibodies differ with the genetic backgrounds, and (10) are likely to be different in Africans (11). Black ethnicity is associated with a greater frequency of SSc, (12–15) a younger age of onset and more severe disease (16). There are no comparable regional data addressing laboratory and clinical features of patients with detectable SSc specific antibodies. The objective of this study was to profile the clinical and laboratory characteristics of patients with detectable systemic sclerosis specific antibodies.




Patients and Methods


Study Design

This was a single center observational study. A review of clinical and laboratory records of patients who had attended the Asthma, Allergy and Immune Dysfunction Clinic, the only clinical immunology referral clinic in Zimbabwe was undertaken.



Study Population

We included 240 patients that had been referred to the Asthma, Allergy and Immune Dysfunction Clinic in Harare, Zimbabwe between 2013 and 2018 (Table 1). The commonest reasons for referral was the evaluation of respiratory, gastrointestinal, cutaneous or other symptoms. Patients with detectable SSc specific and associated serum autoantibodies were included. HIV antibody positive patients were excluded since some can aberrantly produce non-specific autoantibodies.


Table 1 | Demographic profile of patients.





Clinical and Laboratory Investigations

Demographic and routine clinical records, temperature and blood pressure and body mass index (BMI) records were documented. A detailed history and clinical evaluation was performed. Skin thickness was evaluated by palpation and pinching of the face, upper arms, forearms and hands. Capillaroscopy was not conducted for lack of requisite equipment. The respiratory system was assessed using a detailed history, the Asthma Control Test (ACT), lung function testing and both skin prick testing and immunoblot assays to common aeroallergens. Similarly, suspected food allergy was excluded based on the history of exposure and relevant testing.



Autoantibody Determination


Line Immunoblot Assay

Patient sera were analysed using the SSc [Nucleoli] Profile EuroLine [IgG]; Euroimmun, Catalogue Number DL 1532-1601G, a fixed immunoblot panel containing 13 autoantigens that detect SSc specific IgG autoantibodies. The 13 immunoblot panel included ATA, CENP-A, CENP-B, RP11, RP155, NOR 90, fibrillarin (or anti-U3RNP), Th/To, PM-Scl100, PMScl-75, Ku, PDGFR and Ro-52. The patients had been screened using the Ig G antibodies against nuclear antigens (ANA) immunoblot panel from the same manufacturer (Euroline Cat # DL 1590-6401-3G) that includes ATA, CENPB, PM-Scl100 and Ro-52 as well as non-SSc specific AMA-M2, SS-A, SS-B, dsDNA, nucleosomes, Sm, RNP/Sm, PCNA, histones, Rib-P-protein and Jo1. The patients were tested using either the SSc profile or the ANA profile. In some cases samples were tested with both panels. Testing was in accordance with the manufacturer’s instructions. Briefly, immunoblot test strips impregnated with different ENA specificities were incubated with a dilution of 15 microliters of serum in 1.5 ml (1:101) of sample buffer. Autoreactivity was detected by incubating the strips with alkaline phosphatase labelled anti-human IgG antisera. The addition of the NBT/BCIP substrate elicited a color reaction, that was evaluated using the manufacturer’s software (EUROlabScan) to report positive, borderline or negative reactivity. Positive control bands are included in each strip.



Immunofluorescence

Immunofluorescence examination was conducted in 16% of patients with the aim of correlating this standard method of SSc diagnosis with the line blot immunoassays. Patient sera were stained using the IIFT mosaic basic profile 3A slides (Cat. FA 1802-2010-3) and examined using the EuroStar III Plus immunofluorescence microscope (Euroimmun Ag, Germany). Reagents were from the same manufacturer.



Clinical Laboratory Measurements

Other laboratory investigations were requested as indicated in the course of routine clinical care, and not all 240 patients had all the tests. The parameters measured included but were not limited to complete blood cell counts, erythrocyte sedimentation rate (ESR), C-Reactive Protein (CRP), urinalysis, electrolytes, urea and creatinine, liver enzymes, Complement C3, C4, creatinine kinase (CK), serum IgG, IgA, IgM and IgE immunoglobulin levels, T lymphocyte subsets and thyroid function tests (TSH, T3, T4). Laboratory testing was conducted in an ISO 15189 accredited in-house clinical laboratory. T lymphocyte subset enumeration was performed using a FACSCalibur (Becton Dickinson) dual laser, four colour flow cytometer. Thyroid function parameters were measured using the ELISA technique, different commercial kits were used in the study period.




Statistical Analysis

The one-way ANOVA test was used to compare the means in the different subgroups. The null hypothesis was that the means of the different variables was the same for the different groups of data. A p-value <0.05 was considered significant. The StatPlus (version 6.1) software was used.



Ethics Statement

Institutional approval was obtained and ethical approval to conduct the study was granted by the Medical Research Council of Zimbabwe (MRCZ/B/1479).




Results


Patient Demographic Profile, Ages Gender, and Race

During the period 2013-2018, 4335 patients were referred to the Clinic. Amongst these, 240 had detectable SSc specific autoantibodies and were selected for further investigation. The age distribution of the population was bimodal, 20% were under the age of 16 years, mean age 7.56 (95% CI 2.73-12.38) years. The mean age of older patients was 41.93 (95% CI 39.79-44.07) years. The racial groupings were Black Africans (84.6%), White (11.3%) and Asians (4.1%). The ancestry of Blacks was Zimbabwean, Whites were European, mainly British and Asians were of the Indian subcontinent. The median age was 36 years, when stratified into racial subgroups, the median age was lowest in Asians (31.5 years), while Black (35 years) were younger than White patients (46 yrs.). Autoantibody positive patients <16 years were Black (45/48) or Asian (2/48), one was White. There was a female predominance amongst the adults, the Female to Male (F:M) was 3.5:1. In the <16-year age group the gender proportion was F:M= 1.2:1.



Vital Signs and Baseline Laboratory Findings


Blood Pressure (BP)

The mean systolic BP for all the groups was normal, 121.66 (95% CI 114.76-128.56) mmHg. There were no significant differences between the autoantibody subgroups. Although mean diastolic BP readings were also normal 75.37 (CI 71.06-79.68) mmHg, there were significant differences between autoantibody subgroups, being higher in the anti-Th/To (78 mmHg, 95%CI=76-81) than the anti-CENPB (72 mmHg 95%CI=68-76 mmHg) groups. (p=0.015). The mean BP readings amongst three race groups were comparable to the overall means in all autoantibody subgroups.




Laboratory Investigations


Haematology

Although mean hematology parameters were within normal reference ranges, there were variations that depended on the types of autoantibodies detected. The hemoglobin (Hb) concentration was higher in anti-RP11 (14.01 g/L, 95% CI=13.6-14.4 g/L) compared to the anti-RP155 (13.4g/L, 95%CI=13.1-13.6) (p=0.016) anti-CENPB (13.15, 95%CI=12.7-13.6 g/L) p=0.006, and anti-ATA (13.1 g/L, 95%CI= 12.4-13.9), p=0.019 positive patients.

The overall erythrocyte sedimentation rate (ESR) was elevated (50.6 mm/h) when all patients were pooled. The ESR however varied with the types of autoantibodies and was significantly higher in anti-CENPB (56.58, mm/h, 95% CI=50.8-62) than anti-NOR90 (41.9 mm/h 95% CI=32.9-50.8), p=0.008 and anti-Ku (41.96 mm/h, 95%CI=33.7-50.2 mm/h), p=0.005 groups. The C-Reactive protein (CRP) was positive in 20% of the patients.



Lymphocyte Subsets

The median total lymphocyte percentage was 35.37% (95%CI=31.91-38.42) with no significant inter-group variations. The mean absolute and percentage CD4+ and CD8+ T lymphocyte counts, while within normal ranges also varied with autoantibody types. The CD4+ T lymphocyte percentage was highest in the anti-ATA (47.33%, 95% CI= 41.97-52.70) and lowest in the anti-CENPB (41.72% CI 37.94-45.50) and anti-RP11 (41.56%, 95%CI 36.98-46.146) antibody positive patients. The mean CD8+ T lymphocyte percentage was 27.56%, (95% CI=22.79-32.66), being highest in the anti-CENPB (28.6%, 95%CI= 24.28-32.92) and lowest in the anti-ATA subgroups (23.7%, 95%CI=19.00-28.41). Values for the other subgroups were not statistically different.



Complement

Complement protein concentrations differed in tandem with SSc specific autoantibody types. Mean C3 complement values (0.126 g/L) were significantly higher in the anti-PMScl100 (p=0.017)), than the anti-CENPB or anti-RP155 groups (p=0.005).

The mean C4 complement levels were highest in the anti-ATA (0.045 g/L) and lowest (0.026 g/L) in the anti-CENPB positive subgroups (p=0.003).



Immunoglobin Isotypes

Four immunoglobulin isotypes (IgA, IgM, IgG and IgE) were measured. The quantities of total IgG and IgA serum antibodies varied depending on the SSc specific autoantibody profile.

Patients who were anti-ATA and anti-PMScl 100 autoantibody positive had the highest total IgG antibody levels. The IgG antibody concentrations were highest in the anti-ATA, 1.717 g/L (95% CI=1,316-2,118) and anti-PMScl 100, 1,581 g/L (95%CI= 1,310 1,851) positive patients. The values anti-fibrillarin (1.221 g/) and anti-Ku (1.217 g/L) anti-Ku, anti-PMScl751,310 g/L anti-RP155 (1,347 g/L) and anti-Th/To 1,301 g/L positive patients were significantly lower (Table 2).


Table 2 | Comparison of total serum IgA, IgM, IgG antibody levels, complement C3, C4 and lymphocyte subset values in patients with different SSc-specific autoantibodies.



The mean IgA concentration for all the patients was 0.270 g/L. There were inter-group variations and the mean concentration of IgA was highest in the anti-ATA, (0.335 g/L) anti-fibrillarin (0.335 g/L) and anti-Ro52 (0.316 g/L) positive patients. The lowest values were obtained in anti-PMScl75 (0.234 g/L) positive patients (Table 2). IgM levels were comparable across the autoantibody subgroups. The mean IgE antibody levels of 164 kU/L (95% CI= -127-455) was comparable across all autoantibody subgroups.



Thyroid Function

Abnormal thyroid function (hypothyroidism or hyperthyroidism) was the commonest endocrine abnormalities occurring in 7% (17/240). Diabetes was diagnosed in 5% and parathyroid adenomas in three.

Thyroid hormone levels varied with types of autoantibodies.

Mean free thyroxine (fT4) levels for all the patients were 2.53 ng/dL. The concentrations varied with the types of SSc specific autoantibodies. The concentration of fT4 was highest in anti-ATA (3.36 ng/dL) and anti-PMScl100 (3.02ng/dL) positive patients. These values were significantly higher than in anti-fibrillarin (1.51 ng/dL), anti-Ku (1.05 ng/dL), anti-PMScl 75 (1.23 ng/dL) and anti-Ro-52 (1.32 ng/dL) positive patients (Table 3).


Table 3 | Immunofluorescence staining patterns and immunoblot reactivity clinical characteristics of patients fulfilling the ACR/EULAR criteria for the diagnosis of systemic sclerosis.



The mean free triiodothyronine (fT3) levels were 2.65 pg/mL. The highest fT3 concentrations were in anti-PMScl 100 positive patients (3.25 pg/mL, 95% CI 1.79-4.70). The lowest fT3 concentrations were in anti-PMScl75 positive patients. (1.99 pg/mL, CI 1.61-42.37) (p=0.02).

There were no statistically significant differences in the levels of Thyroid Stimulating Hormone (TSH) between the groups. The mean TSH levels were 2.58 mIU/mL (95% CI 1.22-4.03).




Detection of SSc Specific Autoantibodies


Line Immunoblot Assays

The two immunoblot panels that include SSc specific and associated autoantibodies were used. None of the patients (0%) had detectable anti-CENP-A. The remaining detectable autoantibodies were specific for anti-RNAP III 155 kD (RP155) 54.6%, anti-RNAP III, 11 kD (RP11) 21.6%. Other autoantibodies were anti-Th/To (27.9%) anti-CENPB (18%), anti-ATA/ATA (13%) anti-PMScl75 (17.9%), anti-NOR90 (12%) and anti-PMScl100 (10.4%). The SSc associated anti-Ku antibody was detected in 12% (Figure 1). There was infrequent reactivity to SLE specific autoantibodies anti-dsDNA (5.8%), anti-Rib-P-protein (5.4%) and anti-PCNA (4%). The Sjogren’s syndrome associated anti-SS-A was detected in 5.4% while the inflammatory myopathy associated anti-Jo-1 was detected in 2.1%.




Figure 1 | Frequency of reactivity to a panel of selected autoantibodies by SSc specific autoantibody reactive patients.






Immunofluorescence Reactivity

Reactivity to autoantigens was investigated by immunofluorescent (IF) microscopy of Hep-2 cells. The characteristic speckled, threads, nucleolar and centromere staining patterns were observed in some of the patients. Staining patterns that could not be categorized were classified as positive IFT.

Eleven (4.6%) fulfilled the ACR/EULAR criteria for SSc. Six had lcSSc, three dcSSc and three had symptoms suggestive of an overlap between SSc and inflammatory myopathies. One, RNAP 155, fibrillarin, NOR90 and SS-A positive female patient with rapidly progressive dcSSc succumbed, aged 35 years, within 15 months of the diagnosis of SSc. Results for the eleven ACR/EULAR consistent patients are presented in Table 3.



Co-Occurrence of the Major Autoantibodies

The co-occurrence of autoantibodies was common, however the expression of (i) anti-ATA and anti-CENPB and (ii) anti-ATA and anti-RNAP11 was mutually exclusive. anti-RNAP155 and anti-ATA were co-associated in 4/31 (13%), anti-CENP-B and anti-RNAP155 in 8/44 (18%) and anti-RNAP11 and anti-CENPB in 5/44 (11%) patients. The RNA polymerase III autoantibodies were infrequently co-associated, anti-RP11 and anti-RP155 were co-associated in 12.9% (31/240). The two PMScl exosomes, (PMScl-100 and PMScl-75) were only co-associated in 3/61 (4.9%).



Autoantibodies in Different Racial Groups

There were racial differences in the frequency of autoantibody detection (Figure 2). Anti-ATA was detected in 48% (13/27) White compared to 5% (10/203) Blacks and 0% Asians. Anti-RNAP 11 detection was highest in White (17%) compared to Black (9%) or Asian (5%) patients. Anti-NOR90 was twice more frequent in Black (13%) than in White (6%) or Asian (5%) patients. Anti-PMScl100 and anti-PMScl75 were more frequent in Asian patients. The detection rate for anti-CENPB, anti-RP155, anti-Th/To and anti-Ku was comparable across the racial subgroups. The most frequently detected autoantibodies amongst the 27 White patients were anti-RP11, anti-RP155, anti-Th/To, anti-ATA and anti-CENP-B. None of the White patients had detectable anti-PM-Scl-100 antibodies.




Figure 2 | Proportions and types of autoantibodies detected in different racial groups. Anti-ATA and anti-Ro-52 were not detected in any of the Asian patients and anti-PMScl-100 was not detected in any White patient.





Organ Involvement

The symptoms were referrable to multiple organs predominantly the respiratory (92%), cutaneous (87%), musculoskeletal (51%) and gastrointestinal (47%). Symptoms of Raynaud’s vasculopathy were reported by 24% of the patients. The type and frequency of involvement of different organs is summarized in Table 4.


Table 4 | Frequency and types of vascular, respiratory, gastrointestinal, cutaneous and musculoskeletal symptoms reported by patients with SSc-specific autoantibodies.





Respiratory Tract

Respiratory symptoms were dominant (92%) and included dyspnea, a non-productive dry cough, wheezing, chest pain and chest tightness (6%). Bi-basal velcro sounds were often heard on auscultation. The Asthma Control Test (ACT), a subjective symptom assessment tool gave an average score of 16 (range 6 to 25) amongst those with respiratory symptoms. Nebulization with beta-2 agonist bronchodilators infrequently demonstrated significant changes in FVC, FEV1 or FEF25-75. The values were often depressed following bronchodilator inhalation. Bronchodilator reversibility was only observed in a subset of patients with a positive family history of atopy, reactivity to seasonally relevant inhalant allergens and a clinical diagnosis of asthma (17.5%) and/or allergic rhinitis (11.5%). Pulmonary function parameters varied with the types of autoantibodies detected (Table 5).



Table 5 | Variation of pulmonary function test results FEV1 and FVC depending on the types of serum autoantibodies.



The FEV1 varied with the types of detectable autoantibodies. The mean FEV 1 for all the patients (79.96%) was in the lower limit of normal values. The highest FEV1 volumes were documented in anti-PMScl-100 (87.7%) and anti-Th/To (85.1%) autoantibody positive patients. The FEV1 values for the anti-PMScl-75 (73.6%) p=0.017 and anti-Ku (70.9%) positive patients were significantly lower than the group means and the anti-PMScl100 values.

The FVC values were decreased (mean 74%).

The FVC values varied with the types of detectable SSc specific autoantibodies. FVC% values for anti-PMScl100 (82.35%, CI 73.17-91.53) and anti-Th/To (78.66%, CI 72.69-84.63) positive patients were within were within normal (80-120%) or near-normal ranges and higher than the group means. In contrast the FVC% values for the anti-Ku (65.7%), p=0.013, anti-PMScl75 (68.7%) (p=0.014) and anti-Ro52 (69.86%) positive patients were significantly lower than the normal ranges.

The mean FEV1/FVC ratio for all the patients combined was (107.6%, 95%CI 104.19-111.91) significantly greater than predicted for age, gender, ethnicity, and BMI suggesting a predominantly restrictive pulmonary defect. The severity of the restrictive changes varied with the types of autoantibodies detected. The highest was FEV1/FVC ratios were in anti-Ro-52 (112; 108.61-115.39), anti-CENPB (111.07, CI=106.37-115.77) and anti-Ku (109.19, CI=105.70-112.68) positive patients. High FEV1/FVC ratios were also documented in anti-NOR90 (105%), anti-RP155 (106.5%) and anti-Th/To (108.8%) positive patients. When the FEV1/FVC ratio of the non-SSc specific anti-Ro-52 antibody positive patients was compared with that of patients with the SSc specific anti-NOR90, anti-RNAP155 and anti-Th/To groups the differences were significant (p=0.01).

The mean PEFR for all the patients was 87% of predicted values. There were differences in PEFR values depending on detectable autoantibodies. The mean PEFR of 107.6% for the anti-PMScl-75 positive patients was significantly higher than in the anti-Th/To (89.7%), p=0.006.



Skin Involvement and Tissue Swelling

Cutaneous symptoms were present in 87% (209/240) of patients in all age groups. The most frequent was a predominantly acral pruritic rash of different morphological descriptions (76%), urticaria (38%), dermatitis/eczema (30%), hypo/hyperpigmentation (23%) and a psoriasiform rash (7%) (Figure 3).The pruritus was often antihistamine refractory. Morphoea and various dermatoses including a pruritic rash with a psoriasiform morphology were frequent findings in patients of all ages including a 2-year-old (Figure 4). Hair thinning, hair loss and alopecia were common (17%) (Figure 4). Keratinization, digital ulceration, sclerodactyly and calcinosis were infrequent, being observed in the subgroup that fulfilled the ARA/EULAR criteria for SSc.




Figure 3 | Psoriasiform dermatosis in a patients with SSc specific autoantibodies.






Figure 4 | Figure shows skin changes and alopecia in a child with detectable SSc specific autoantibodies.






Figure 5 | Puffy fingers and cuticle hypo pigmentation in a child with detectable SSc specific autoantibodies.



Subcutaneous tissue swelling was observed in 41% (99/240). This included angioedema (12%) variously involving the lips, eye lids or hands (6.7%). Skin thickening was observed in 5% of the patients. Puffy fingers (Figure 5) were observed in 5% and were most prominent in pediatric groups.



Gastrointestinal Tract

The most frequent gastrointestinal symptoms were nausea (51%), constipation (48%) abdominal and/or epigastric pain (47%), bloating (35%) and gastro-esophageal reflux (30%) and constipation. The symptoms were associated with the presence of defined SSc specific autoantibodies. Constipation was associated with anti-ATA (p=0.033), anti-NOR90 (p=0.039) and anti-Ku (p=0.026). Diarrhea was associated with anti-ATA (p=0.001) and anti-PM-Scl75 (p=0.005), abdominal pain with anti-RP 155 (p=0.023), GERD with anti-fibrillarin (p=0.011) and bloating with anti-Th/To (p=0.011). The most common symptom, nausea and other poorly localizable symptoms (e.g. heartburn, belching, dyspepsia and melena) showed no significant associations with specific autoantibodies.

Musculoskeletal involvement was documented in 51% (122/240) of the patients. Joint pains (39%) involving knees (24%), fingers (17%), ankles (10%) and wrists (8%) were dominant. Muscle cramps were reported by 5%. Madonna fingers were seen in three patients. Neurological and psychiatric conditions were reported by 54% (130/240) with headaches (31%) being dominant. The carpal tunnel syndrome was reported by 3%.

Ocular symptoms were reported in 46% (110/240) of the patients (Supplementary Table 3). These reported Itchy (35%), inflamed (25%) or red (18%) eyes. The ocular sensations were described as sand grain (13%), gritty (7%), dry (3%) or dry like sandpaper. Allergic conjunctivitis (7.5%) was diagnosed in a subgroup with a positive family history of atopy and SPT or immunoblot confirmed sensitization to aeroallergens. Eye discharge or sticking of the eyelids was in 6% and tearing in 4.5%. Photosensitivity and photophobia were commonly reported (Supplementary Table 2).



Neurological Symptoms

The dominant neurological symptoms were headaches (31%), the carpal tunnel syndrome was infrequent (3%) and only diagnosed in patients with the dc-SSc associated autoantibodies.

Cardiovascular symptoms were infrequent, being reported in 42/240 (17.5%) of the patients (Supplementary Table 3). Retrosternal or pericardial pain (8%) palpitation (7%) and hypertension (3%) were dominant. Cardiomegaly, cardiomyopathy, pericardial effusion, chronic cardiac failure, and a history of myocardial infarction were diagnosed or reported in two patients each, while pulmonary embolism, arrythmia, ventricular septal defect and tricuspid regurgitation in one patient each.

The systemic, endocrine, gynecological, renal, hematological, immunological and malignant conditions detected in patients expressing SSc specific autoantibodies are summarized in Supplementary Table 2.

Raynaud’s disease (24%) was the dominant vascular abnormality. Lymphadenopathy was recorded in 7% of the patients. Non-specific systemic features included tiredness (7%), exhaustion, feeling drained, sweating, fever and chills. Menstrual irregularities were the most frequent gynecological conditions, one (28-year-old) reported premature menopause.

Renal diseases affected 7% of the patients, malignant hypertension being the most severe and the remainder being documented after urinalysis findings. Cortical kidney cysts were detected in two patients. Current or prior diagnoses of malignancy were documented in 2.5% (6/240) of the patients and involved cervical and breast cancer. Other malignant conditions were Kaposi’s sarcoma and non-Hodgkin’s lymphoma.

The co-existing autoimmune conditions were Sjogren’s syndrome (n=1), Myeloperoxidase (MPO) positive vasculitis (n=1) and myasthenia gravis (n=1). Patch test reactivity to epoxy resin, thiuram mix, potassium dichromate and paraben esters that was confirmed in four SSc-specific antibody positive patients were the only potential associations of SSc autoantibody production with an occupational allergen. Anemia and von Willebrand’s disease were the only hematological abnormalities. Current infection with tropical diseases was infrequent, two had Schistosoma haematobium.




Discussion

This study describes the clinical and laboratory findings in symptomatic Zimbabwean patients who were referred for the evaluation of often non-specific skin, respiratory or gastrointestinal tract, ocular and musculoskeletal ailments. All were reactive to extractable SSc specific cytoplasmic or nuclear antigens. Although a majority of the patients did not fulfil ARA/EULAR criteria for SSc, their symptoms were consistent with those recognized in SSc. A sub-sample of the patients was offered immunofluorescence testing to investigate concordance with standard SSc laboratory diagnostic criteria. The results of the comparison were concordant. The autoantibody profiles differed with the racial groups. An association between the presence of autoantibodies and disease phenotypes was observed with respect to the respiratory and gastrointestinal tracts and thyroid abnormalities.


Patients

The overall female predominance amongst adult patients (F:M=3.5:1) is comparable to other studies (17, 18). The median adult ages differed significantly along racial subgroups being lowest in Asians (31.5 years), Blacks (35 years) and highest in White (48 years) patients. This difference could explain the recognized earlier onset of SSc in Asian and Black patients. A remarkable finding of this study was that 20% of autoantibody positive patients were <16 years old (mean age 7.56, 95%CI 2.7-12). These were Black (45/48), Asian (2/48) and White (1/48). The racial differences suggest that the presumed rarity of SSc in children could be due to study biases that predominantly report findings in White but not Black patients. To our knowledge, this number of Black pediatric patients with symptoms suggestive of SSc and detectable SSc specific autoantibody reactivity has not been previously reported.



Blood Pressure

Overall systolic and diastolic BP readings were within normal ranges. However, the diastolic pressure readings varied with the types of detected autoantibodies. Diastolic BP was highest in the anti-ATA group and lowest in the anti-PMScl 75 group. The differences in BP could suggest that the types of antibodies produced influence disease phenotypes, skewing patients to towards either the dcSSc or lcSSc phenotypes. The diastolic BP differences between two lcSSc associated anti-Th/To (78 mmHg, 95%CI=76-81) and anti-CENPB (72 mmHg 95%CI=68-76 mmHg) subgroups, (p=0.015) could indicate the recognized higher frequency of renal crisis in association with Th/To but not anti-CENPB as previously reported (19).



Detection of SSc Specific Autoantibodies in Different Racial Subgroups

The detection of autoantibodies varied with race, anti-ATA and anti-RP11 were more frequently detected in White than Black patients, while anti-PM-Scl 100 was detected in 21% Asian and 6% Black and none (0%) White patients (Table 3). The frequency of the lsSSc associated anti-CENPB, anti-RP155, anti-Th/To and anti-Ku was comparable across racial groups. The racial variations that reflect genetic differences, suggest that autoantibodies influence disease phenotypes. The different types of autoantibodies detected in racial groups, makes the targeted tailoring of SSc test panels for defined population groups, one size does not fit all. The textbook focus on anti-ATA and anti-ACA and more recently anti-polymerase III antibodies as prime biomarkers for SSc likely underestimates the prevalence of SSc specific antibodies amongst Black patients, who overwhelmingly expressed anti-RNAP155 in this study.


SSc Diagnosis

The ARA/EULAR criteria for the diagnosis of SSc are internationally accepted. Although only 5%, fulfilled the ARA/EULAR criteria for SSc, all the patients had symptoms that are recognized in established SSc. Raynaud’s Phenomenon (RP) an early precursor and predictor of progression to overt SSc was documented in 24%. This figure may underestimate the true prevalence, since cutaneous manifestations of RP in African patients are not obvious and have to be pro-actively solicited. They are affected by the skin colour as well as the climatic conditions. Patients often reported cold hands or feet in colder months of the year. While it is recognized that the mere presence of SSc specific autoantibodies is per se not diagnostic of SSc, these are associated with early symptoms that predate overt SSc (5, 15). The purpose of making a diagnosis is to inform the clinical management of patients. In that vein, a combination of the clinical symptoms and the results of detailed physical examination, complemented by relevant laboratory or imaging test results should be prioritized over the fulfilment of international criteria when making a diagnosis. Nevertheless, due to the non-fulfilment of these standard criteria, we avoided labelling all patients as SSc, preferring to describe them as possible early SSc. Nail fold capillaroscopy, a key component for the fulfilment of the Le Roy and Medsger (20) and VEDOSS (21) criteria for early SSc could not be performed. Longitudinal follow-up studies to establish whether or not these patients have SSc and to monitor any disease progression particularly in the pediatric population are recommended.




Laboratory Findings

Laboratory tests were requested and individualized for the routine clinical care of the patients, therefore patients did not have uniform panels of laboratory tests. The elevation of the inflammatory marker ESR, positivity of CRP in 20% and the presence of reactive lymphadenopathy (16%) indicates ongoing inflammatory activity in a proportion of this patient population. The presence and persistence of inflammation in SSc is recognized and has been previously reported (22, 23). Although the patients had GIT symptoms, anemia, a feature of advanced SSc was not observed (24). Anemia is considered less likely in early SSc. The higher mean IgE levels reported in this study could be explained by the inclusion of patients with co-existing allergic asthma and/or rhinitis.


Immune Responses

The innate, cellular, and humoral responses to SSc autoantigens varied significantly with the types of autoantibodies (Table 6). Higher levels of Complement (C3), IgA and IgG as well as CD4+ T lymphocytes were more frequent in patients with dc-SSc specific autoantibodies (ATA, PMScl 100 and anti-RP11) than in those with lc-SSc associated autoantibodies (CENPB, Ku and Th/To) who also had lower C3 complement, IgA, IgG antibody levels and CD4+ T lymphocyte percentages. The implication is that immune responses to target autoantigens influence disease phenotypes. Interestingly, the CD8+ lymphocyte percentages were, in contrast, higher in anti-CENPB than anti-ATA positive patients.


Table 6 | Comparison of thyroxine (T3) and triiodothyronine (T4) hormone levels in patients with different types of autoantibodies.





Thyroid Function

The frequency of thyroid abnormalities in this cohort was higher than in the background population suggesting it could be attributable to the autoantibodies. Abnormalities of thyroid function varied with types of SSc autoantibodies. The dc-SSc associated autoantibodies (ATA and PMScl 100) correlated with higher levels of fT3 and fT4, while the lc-SSc associated autoantibodes correlated with lower fT3 and fT4 levels. An association between anti-ATA and thyroid dysfunction is recognized (25). There was a dichotomous relationship between the two PMScl autoantibodies and thyroid disease. Anti-PMScl 100 antibody positive patients had higher fT4 while anti-PMScl75 positive had lower fT3 levels suggesting different effects of the two PMScl antibodies on thyroid function.




Cutaneous Disease

Skin involvement in early stages of SSc consists of different morphological features. The anatomical distribution of the dermatoses tended to be acral with limited or transient flexural involvement. Care providers should consider SSc as a differential diagnosis in managing these frequently atypical dermatoses. The dominant cutaneous symptoms were non-specific pruritus (54%), urticaria (28%) and dermatitis (10%) that are not considered hallmarks of SSc. The characteristic finger-tip ulcers, calcinosis, keratinization of the skin and the classic Madonna were infrequent, being observed amongst those fulfilling the ARA/EULAR criteria. Non-pitting edema of the hands or feet and puffy fingers were prominent in the younger patients.



Respiratory Tract Disease

The predominance (92%) of patients with respiratory symptoms may have been influenced by a referral bias to the Asthma and Allergy Clinic. However, most of the autoantibody positive patients did not have allergic asthma or rhinitis. Lung volume abnormalities were bronchodilator refractory, and the spirometry pattern was predominantly restrictive, contrary to the obstructive, bronchodilator reversible pattern that characterizes asthma. Taken together, with findings of Velcro crackles on auscultation, the spirometry findings suggest fibrotic pulmonary disease, a feature of pulmonary SSc (18, 26). The significant association of the presence of anti-Ku, anti-PMScl-75 and anti-Ro-52 with FVC reductions supports the association of anti-Ku and anti-PMScl75 with ILD as reported by others (27, 28).


Gastrointestinal Tract

The significant association of constipation, diarrhea, abdominal pain, GERD and bloating respectively with anti-ATA, anti-NOR90, anti-Ku anti-PM-Scl75, anti-RP 155, anti-fibrillarin and anti-Th/To suggests that these autoantibodies influence the symptom manifestations. Since the frequency of the antibodies differs with racial groups, these could also explain racial differences in the types and severity of GIT symptoms.




Neurological and Psychiatric Conditions

There was an association between autoantibodies with central and peripheral nervous system symptoms that are recognized in SSc. The carpal tunnel syndrome was only reported in anti-fibrillarin and anti-ATA positive patients. Psychiatric conditions were infrequent, anxiety featured prominently.

Cardiovascular was infrequent as expected in an early SSc cohort. Renal involvement was limited. There were no significant renal abnormalities and observed hematuria and kidney cysts could reflect their prevalence in the background population.



Shortcomings

The main shortcoming is that this paper was not prospective and collected data were not standardized. The absence of a prospectively administered standardized questionnaire poses a risk under reporting the symptoms that were not solicited. In mitigation, all patients were attended to by one of us only (ES) who obtained case histories, examined all the patients and requested the laboratory and imaging tests. Therefore, notwithstanding the shortcomings, any inherent bias is therefore likely to be uniform. While the presence of antibodies suggests SSc, only 5% of the patients fulfilled ARA/EULAR criteria that are designed for the inclusion of patients in clinical trials. These criteria may not be appropriate for early SSc. We suspect our antibody positive symptomatic patients 24% of whom had RP could have early SSc that could not be confirmed or excluded for lack of requisite equipment. The study describes the clinical presentations and laboratory findings that included SSc specific autoantibody reactivity who may or may not have SSc. The lack of access to nail-fold capillaroscopy limited our ability to confirm early SSc, longitudinal studies if funded will help answer that question.




Conclusion

This report covers the clinical history, clinical findings and laboratory investigations conducted on 240 Zimbabwean patients with detectable SSc specific antibodies, 20% of them being younger than 16 years. The observed cutaneous, respiratory, gastrointestinal, musculoskeletal and endocrine aberrations are consistent with findings reported in patients fulfilling the ARA/EULAR criteria. A tendency of alignment of respiratory, gastrointestinal, laboratory and endocrine findings with either dc-SSc or lc-SSc specific autoantibodies was observed. The findings suggest a decisive influence of innate, humoral and adaptive immune responses on disease phenotypes. Racial differences in autoantibody presence and the dominance of anti-RNAP antibodies amongst Black patients, should inform the tailoring of autoantibody test panels to specific populations. We conclude that the presence of SSc specific autoantibodies is common, albeit infrequently detected in Zimbabwe. A fifth of our patients were under 16 years old and presented with non-specific symptoms that should be investigated with a higher index of suspicion in this and similar settings.
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Thyroxine (T4) Normal range: 0.7-1.8 ng/dL

95% Confidence Interval p-value
ATA 3.37 0.77 5.97
a. fibrillarin 1.51 0.82 2.19 0.025
b. Ku 1.06 0.79 1.32 0.024
c. PMScl-75 128 1.04 1.43 0.010
d. Ro-52 1.32 1.05 1.59 0.017
PMScl 100 3.02 1.07 4.97 0.022
PMScl75 1.23 1.04 1.43
Triiodothyronine (T3) Normal range: 2.3 - 4.1 pg/mL
PMScl 100 3.25 1.79 4.71 0.020
PMScl 75 1.99 1.61 237
Thyroid Stimulating Hormone (TSH) Mean for all patients 2.68 miU/mL. 122 4.03

Autoantibodies that are associated with diffuse cutaneous SSc (anti-ATA, anti-PMScl100) were associated with significantly higher hormone levels.
The bold values were used as a comparator in the statistical analyses. The p-values are a comparison of the frequency of autoantibody detection relative to the bold values.
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PROBANDS AR [EI XLR IEI AD IEI TOTAL

Probands with LP/P variant on panel 4 (3 homozygous; 1 compound heterozygous) 5 (hemizygous males) 3 (heterozygous) 12
Probands with LP/P variant on WES 6 (homozygous or compound heterozygous) 3 (hemizygous males) 3 (heterozygous) 12
Probands total 10 (homozygous or compound heterozygous) 8 (hemizygous males) 6 (heterozygous) 24
FAMILY MEMBERS AR IEI XLR IEI AD IEI TOTAL
Family members identified as carriers 20 (either through testing or known obligate carrier) 8* (heterozygous females) 0 28
Family member excluded as carriers/affected n/a 1 (maternal aunt of proband) 6* 7

*All were parents of probands.
VUS, variant of unknown significance; WES, whole exome sequencing; AR, autosomal recessive; XLR, X-linked recessive; AD, autosomal dominant; LP/P, likely pathogenic/pathogenic;
IEl, inborn error of immunity.





OPS/images/fimmu.2021.663683/crossmark.jpg
©

2

i

|





OPS/images/fimmu.2021.663683/fimmu-12-663683-g001.jpg
RAtd-FLS OAtd-FLS

Watsa






OPS/images/fimmu.2021.665621/table2.jpg
e

2yuas Mo ey P

s o yron s
prymeay

0 M Smeons Utoom e g sowo T Puns
g G cmason
ot

. s s
iciong i st
raogon. s

01 M Omeons Memss  Sepmoomawmongyems P>

o 10251658
oo

oG et
Pty

Scarascsoon
poORD:
et
ey

nceasann
pyoney

ooRs s
Pz

Pt csrrrmon
s VT2

Uiy e
pumgmc iy,
)

Putc oz
fomgons  Vowooksizze
Py o o ot

Pt coanariae
ramgns)  VOwOGETSTISs

patcgc mesmivans
Fomogos  cim,

iy

00U
g spaone

A s

oy singe
Satpes

xiekas

Ao s
por o adomn
wincortnss





OPS/images/fimmu.2021.665621/table2b.jpg
ez

2meore

e

Sy

2y 1

2yes2

amenme

Atoctud masensl
e i

Ve e 303
3 moomatom
preiton

ety

i

H

e

o
Pty
o

Py oGO
e 8o

ey

Pocumect segss snd shock: Paneé
G et AT contn
Mo g

P sty Pt
mGesmvod s 650

sz g
e et
i b COR .
e o3,
it ey
5001 dens O

H

§
[
i
i

vy

COMLG Dubton Exon

e s
plaaiosz

[Ty
i

e
e

ooz ciomooT
e

avecat
Porstos

¢ PO
ks

e casr ot
Pty

et CO0 Lgand

g, o)
ety

[ -,
ey

iosias Sy

Ty SowoCongs
VOVOIETi34 g

Mot ke
npaesn  Agmmogeteems
s

o0y T
Vovoxzaresss angome

My v baruttod
-

oo et
piecy

P
i oy
oot





OPS/images/fimmu.2021.665621/table2c.jpg
o 5

o w0

or 5

Syeos.
w6

o

2yt

ayuss.

ayues7

Yos. afected

e o sting
500 gan

o=
pr

ey ey
v

pntney

ves

SAWHO! C.1681. 168208 Pathogenic.
pSsimowE  pemnoss)

P R —

ey Fomosi
e T —
PTwTe0n e
sscsiorer P
pPorts remogs
s iy
sy paogec
it Fomosi
Aot mccon.

ocans prognc
privnd e
s caor o P
ey e

ozitios

gz
et

Nowkren
oy

frsty
Giosaro

S,

Conmawtn

Noma B T e
ety

i

i

H

Stmonta st
priswihvy

et ey
ey

[
s
roaronan, CUk:
e T o
[tereivy

T8 netncn.
skt .

T,

e asearo
s it





OPS/images/fimmu.2021.665621/table2d.jpg
@ F oyess
.
2 M 2yt
@ F syess
o
@ F Tyens

Pt PR310002. s iy ey P P, PRS2

Yes s

prositmpieeiy
ettt

oo ez
onvasrs.

wswesioT
fostotie

xaze oot

smneme et
PO

N e
s
ey
s
s
sy
Vovorzisis

oo
Vovooarrs 4

s o

per ik romn

00wl

a0 o

Wi orare

o
P aemcs
jirbiperipes
oz

G . RIS 11022 i Gron Vi ey G Pt P81 1o

e
oo e Pt LS 3.0 vt 5y ek 5t SBT3 5. vt G ey () Pk ot RG2Sty et o
e Pt 211201 o G e sty Pt P, PR 50111811 G o Y Gt Tt o7 ot s e o G 47 o
o 4 o Pk Pl P01 1411857 Corcaty onogo i, P, FOSTZ002.01 4050 Aty G P PRIT200- o At s Pt P, P81 301
i ot 5 Sy Pt . . o 126w - s T 5 s 1t e 1T ko it UL ooy ot o T o et AT St





OPS/images/fimmu.2021.665322/table7.jpg
Categoryfiype of PIDs. Number of patients RBCantibodies() PA ~ ASCA  ANCA TGA  ANA

N R )
immunodeiencies aflcting celuar and humoral mmunity n s 51 26 38 51 15
sco 1 143 o o o o o

os 6 33 w7 o o o o

Leaky SCD 9 222 o o noaa o
pona o CID a0 61 61 a1 a1 61 163
Combined immunodefcencies with assocated o syndomic 2 143 o o s 71
featurs.

Wiskott-Adien syndrome. 6 w3 o o o w7 o

DGeorgo sycrome 4 250 20 0 o o o

axa toangectasa 6 o o o 1 o 67
Hypor IgE syncromo 7 0 o o om0

Other CID with syncromic features 5 20 20 o o 0 2
Prodominanty antbody dafcences & 24 18 24 12 36 60
Agammagiobninoma. 1 [ o o [ o o

o 2 48 18 ag o 1 24
Other antbody defcences 27 o 74 o 37 o s
Diseases of irmune dysreguiaion P 20 100 250 %0 200 300
ALPS (Fas deficency) 3 100 &7 o 67 0 ®3
PEX sydrome 1 100 o 10 o w00 10
LRBA daficency 1 o o o o o o

immune dysreguation 6 o o 187 ® o ma3
wih cols

Famial hemophagocyic 3 o o o o o w3
ymohonistocyosis

Crociak Higashi 2 o o ® o o %
Otter cisoases of immuno dysreguiation 4 3 o % E Y

Congenita deects of phagocyte number o funcion 9 1 n 22 o ma oma
caD 4 o o 50 o 20 20
Congenita neopenia 3 EX) ®3 0 o o o

Other phagocy defects 2 o o o o 0 o

Defocts of tensic and it immunity 6 o o 187 %I 0 187
STAT! GOF 2 o I 50 )
MSVD 4 o o 2 2 o o

Complement defciencies 68 o o 29 15 88 73
HAE/CH-inibitor doficency 55 o o 36 8 e 72
Other complement deficencies 13 3 o o o 77

ALPS, autommmune hmphoprolate syncrome; ANA, anucbar antbockos; ANCA, atoutrophl cHoplasmic atbodes; ASCA, atSaccharomyces corwiso antbocy CO,
coka iscas; G0, chroni granomatoustsaasa;CID, combined immunoefcsoncy; CVID,COmemon s mmunodefconcy: GOF, gai-of-uncton; HAE,harcary angioodomd
D, nanmtory bows!fsedse PEX, immune ysecton, poyendocrnpety, aneropaty, LRBA, ID0g0}S3cchaige 6sponsie e boge o anchor potan; MSD, mendaan
Suscaptity to mycobactara isoase; OS, Omenn Syome; PA, ltoltbound antbocse; PID, pmuy imupodoficoncy c500so; RBC, 100 Dlod ot SCID, sovord combned
Oy BEAT Bl e Bl St Aaetn TEK i daakaatidie s bkt





OPS/images/fimmu.2021.665621/crossmark.jpg
©

2

i

|





OPS/images/fimmu.2021.665621/table1.jpg
Total number of patients 80

Males 48
Females 32
Age (Mean) 6 years 7 months






OPS/xhtml/Nav.xhtml




Contents





		Cover



		IMMUNE-RELATED NON-COMMUNICABLE DISEASES IN AFRICA



		Editorial: Immune-Related Non-Communicable Diseases in Africa



		Author Contributions



		Acknowledgments









		Diagnostic and Predictive Contribution of Autoantibodies Screening in a Large Series of Patients With Primary Immunodeficiencies



		Objectives



		Methods



		Results



		Conclusion



		Introduction



		Material and Methods



		Patients and Healthy Controls



		Diagnosis of Autoimmune Diseases



		Autoantibody Testing



		Statistical Analysis









		Results



		Demographic Data



		Autoimmune Diseases



		Autoantibodies









		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Acknowledgments



		References









		Clinical Utility of Whole Exome Sequencing and Targeted Panels for the Identification of Inborn Errors of Immunity in a Resource-Constrained Setting



		Introduction



		Materials and Methods



		Patients



		Panel Testing



		Whole Exome Sequencing



		Ethics and Institutional Approvals









		Results



		Genetic Spectrum and Clinical Implications of Molecular Findings









		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		References









		SFRP5 Enhances Wnt5a Induced-Inflammation in Rheumatoid Arthritis Fibroblast-Like Synoviocytes



		Background



		Objective



		Materials and Methods



		Results



		Conclusion



		Introduction



		Materials and Methods



		Patients and Samples



		Td-FLS Isolation and Culture



		Fd-FLS Isolation and Culture



		Fibrocyte Isolation and Culture



		RA td-FLS Stimulation



		RNA Isolation and cDNA Synthesis



		Quantitative PCR



		Western Blotting



		Statistical Analysis









		Results



		Expression of Wnt5a in RA vs. OA td-FLS



		Phenotypic Identification of RA td-FLS Eventual Precursors: RA fd-FLS and RA Fibrocytes



		Expression of Wnt5a and SFRP5 in RA td-FLS, RA fd-FLS and RA Fibrocytes



		Expression of Wnt5a Receptors and Coreceptors in RA td-FLS, RA fd-FLS, and RA Fibrocytes



		Expression of Inflammatory Mediators in RA td-FLS, RA fd-FLS, and RA Fibrocytes



		Effect of Wnt5a on Inflammatory Mediator Synthesis by Activated RA td-FLS



		Effect of Wnt5a on the Principal Canonical Wnt Component Expression









		Discussion



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Abbreviations



		References









		Case Report: Allergic Bronchopulmonary Aspergillosis Revealing Asthma



		Introduction



		Case Presentation



		Discussion



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		References









		Case Report: Interleukin-2 Receptor Common Gamma Chain Defect Presented as a Hyper-IgE Syndrome



		Introduction



		Results



		Case Presentation









		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		Abbreviations



		References









		Immune Checkpoint Inhibitors in Human Glioma Microenvironment



		Introduction



		Immune Response Within the Brain



		Glioma Microenvironment



		Tumor-Associated Macrophages (TAM)



		Natural Killer Cells (NK)



		Dendritic Cells (DC)









		Immune Checkpoint Inhibitors in Glioma Therapy



		Immune Checkpoints in Cancer



		Immune Checkpoints in Glioma



		PD-1/PD-L1



		TIM3/GAL9



		CTLA4



		LAG3



		TIGIT/CD96









		Conclusion



		Author Contributions



		Funding



		References









		Clinical Features of HIV Arthropathy in Children: A Case Series and Literature Review



		Background



		Methods



		Results



		Conclusions



		Introduction



		Materials and Methods



		Aims, Design, and Setting



		Participants



		Data Collection



		Statistical Analysis









		Results



		Clinical Presentation



		Laboratory and Imaging Characteristics



		Treatment and Outcome









		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Acknowledgments



		Supplementary Material



		Abbreviations



		References









		Case Report: FOXP3 Mutation in a Patient Presenting With ALPS



		Introduction



		Case Description



		Timeline



		Diagnostic Assessment









		Discussion



		Patient Perspective



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		References









		Prognostic Gene Expression Signature in Patients With Distinct Glioma Grades



		Background



		Methods



		Results



		Conclusion



		Introduction



		Materials and Methods



		Data Analysis From TCGA and Independent Datasets



		Quantification of Immune Signature Enrichment Levels in Glioma Patients



		Hierarchical Clustering



		Global Gene Expression Analysis



		Association of Immune Signature Enrichment Levels With Various Molecular Features



		Gene-Set Enrichment Analysis



		Survival Analysis









		Results



		Independent Immunostimulatory and Immunosuppressive Profiles of Glioma Patients



		Difference in Immune Cell Abundance Within the Clustered Patients



		Association of Immune Checkpoints Overexpression With Immunosuppressive Status



		Relevant Activator and Inhibitor Markers to Guide Characterization of Glioma Clusters



		Immune Cell-Dependent Prognostic Drivers of Glioma Patients’ Survival









		Discussion



		Conclusion



		Data Availability Statement



		Author Contributions



		Funding



		Supplementary Material



		References









		Systemic Sclerosis in Zimbabwe: Autoantibody Biomarkers, Clinical, and Laboratory Correlates



		Introduction



		Materials and Method



		Results



		Conclusion



		Introduction



		Pathology



		Clinical Presentation









		Patients and Methods



		Study Design



		Study Population



		Clinical and Laboratory Investigations



		Autoantibody Determination



		Line Immunoblot Assay



		Immunofluorescence



		Clinical Laboratory Measurements









		Statistical Analysis



		Ethics Statement









		Results



		Patient Demographic Profile, Ages Gender, and Race



		Vital Signs and Baseline Laboratory Findings



		Blood Pressure (BP)









		Laboratory Investigations



		Haematology



		Lymphocyte Subsets



		Complement



		Immunoglobin Isotypes



		Thyroid Function









		Detection of SSc Specific Autoantibodies



		Line Immunoblot Assays









		Immunofluorescence Reactivity



		Co-Occurrence of the Major Autoantibodies



		Autoantibodies in Different Racial Groups



		Organ Involvement



		Respiratory Tract



		Skin Involvement and Tissue Swelling



		Gastrointestinal Tract



		Neurological Symptoms









		Discussion



		Patients



		Blood Pressure



		Detection of SSc Specific Autoantibodies in Different Racial Subgroups



		SSc Diagnosis









		Laboratory Findings



		Immune Responses



		Thyroid Function









		Cutaneous Disease



		Respiratory Tract Disease



		Gastrointestinal Tract









		Neurological and Psychiatric Conditions



		Shortcomings









		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Supplementary Material



		References























OPS/images/fimmu.2021.665322/table1.jpg
AD Autoantibody Immunoassay (manufacturer)

Rheumatologic diseases ANA fscroening) IFHED-2 [EUROMMUN,
Gemany)
ANA Wetiation) ELISA (Bo-Rad, CA, USH)
ONA imimunodot (O-te, Beiguen)
ENA: S, RNP, STVRNP, SSA, $58, Sc-70, PWSC, Ku, CENP-A'B, PONA, Mi-2 & DFS- imimunodot (D-1k, Belgen)
) imimunodot (0-tek, Beigen)

Nudeoarantigens : P/Sd, TVTo, Fixarn, NOR: 90
Oytoplasmic anigens : M2/NPOC, Jo-1, PL7, PL-12, SRP and Ribosome PO

RF Laser Nopholometry
(BN ProSpec, Semens, Germany)
Acen ELISA (Bo-Rad, CA, USK)
aps 2CLigG & aCLigh ELISA Bo-Rad, CA USH)
2GPLIGG & PGPLM ELSA (Bo-Rad, CA USH)
aav ANCA fscreening) Fruman netrophis
(EUROIMMUN, Gemary)
ANCA enifcation) Imimunodot (0-tsk, Belgun)
180 ASCAIgA & ASCA'GG. ELEA (F0-0m, Gy USH)
co TGAigA 8 TGRS ELISA (Bo-Rad, CA USK)
Poricious anomia Py F (EUROIMMUN, Germany)
AlM & PBC AsvA IF (EUROIMMUN, Gormasy) and
Imimunodot (0-tok, Bolgen)
LM 1 IF (EUROMMUN, Germany) and
immunodot (0-tek, Beiguem)
L0l F (EUROIMMUN, Germany) and
immunodot (0-tek, Bigen)
St imimunodot (O-tk, Belgen)
oy IF (EUROIMMUN, Germany) and
Imimunodot (0-1ok, Belguen)
antgp210 Imimunodot (0-tok Blgen)
tSP100 imimunodot (O-tok Bolgen)
Autoimmune thyroidiis TR0 ELISA EUROIMMUN, Gommary)
216 ELISA EUROIMMUN, Gomary)
insulin-dependont diabotes G ELISA EUROIVMUN, Gomany)
melitus
AHA RBO atibodis Goombs tost
P PAGGO. lgM ot igh) Flow cytometry
Autoimmune noutroponia antieutrophi antbodes Indirect GIFT- Fow cylometry
(gGatigh)

ARV, ANGA associte vasoults; ACPA, atr<iinate proton antboch aCL, antcardoloh antboctes; JR2GP, antf2 gycopralon 1 antbockes; A1, aommune 05000 AT,
T hepais: VA, i hemolt anomsa; AMA,antRochoncil antody; ANA, ant e o ANCA, antboutoghd cyoplasmicantbocses; APCA,ant-
parotlcol anocy; APS, anthosphOlpid synoma; ASCA, aiS05chomyous coriso atbocy: ASMA,ant;smoofh musclo b CD, coac isoass; ELISA, orzymo- o
immunosorbent assay, GFT, grruiocyto imunooresoence e IB0: fammatory bowelcscose I, ndroctimmunalorescence, TP, mvund rombocytopend LG v 05
LK, Ier iy microsome; PA, ltobi-bound antbaxses; PBC, pimary bl cirhoss; RBC, e bloo ol R, theamatod factr; LA, soke berantgen: TG, yrogltuin; TGA,
sl ansaokanmnise Suibochs TRO. #nsokt demiies:





OPS/images/fimmu.2021.685213/table1.jpg
TIICs and clinicopathologic parametres

IDH status

Age

Regulatory T cells
Neutrophils
Macrophages M0
Macrophages M1
Macrophages M2

Ex (-coefficient)

2.535e + 00
1.179e + 00
1.305¢ - 01
1.891e - 02
3.537e - 02
5.085¢ - 5
5.666e - 01

Ex (coefficient)

3.945e - 01
8.480e - 01
7.662e + 00
5.288e + 01
1.974e + 04
1.974e + 04
1.765e + 00

(95% ClI)

Lower

0.33134
0.63580
0.00735
0.15337
6.53557
16.30275
0.66034

Upper

4.698e - 01
1.131°+03
7.988° + 03
1.823° + 04
1.223° + 02
2.391°+ 07
4.718e + 00

Concordance: 0.786 (se = 0.018) p-value<2e-6.

Likelihood ratio: 154.8 p-value<2e-6.
Wald test: 158.8 p-value<2e-6.

Score (log-rank test):179.8 p-value<2e-6.
= Exponential, i.e., e-01 = 107,






OPS/images/fimmu.2021.665322/table2.jpg
Category Number (%) Gender W/F  Age Mean/years (range) _Disease duration Mean/years (range)

mmunodsticendies afoctng cokar and humoral immunity 8 ey 39 28
@61 ©1-76 ©-21)
Combinod immunodoficienios wih 28 208 33 30
associated or syndromic features 0.9 ©02-19 ©-13
Predominanty anibody deficencies 8 037 192 66
@8 03-80) ©-30)
Oiseases of mmune ysreguaton 20 1 a4 34
©7 03-1) ©-13
Congerstal defectsof phagocyte 9 " 48 o7
rumbar o uncton 80 o1-31
Defects i rinsic and nnato ity s o 67
29 2-21) as-17
Complement defcencies 68 w40 266 187
@n ©5-67) @-59
Other mmunodoficiencos 7 52 201 1
29 2-65 (=)
Heaty contros 120 o151 179 /





OPS/images/fimmu.2021.679531/crossmark.jpg
©

2

i

|





OPS/images/fimmu.2021.665322/crossmark.jpg
©

2

i

|





OPS/images/fimmu.2021.665322/fimmu-12-665322-g001.jpg
®Auuntiody  ® Awcanibody wih AID






OPS/images/fimmu.2021.665322/table5.jpg
Category/type of PIDs. Numberof  Autoimmune Cytopenia 18D CD  Endocrine disease  Skin

patients ) o ) )
Frmunodeficencies afectng cetar and humoralimmunity . 19 26 26 5 103
sco " 143 [ o o
os 6 500 o o o 100
Leaky SCID 9 83 o o o "
pora o GO a9 122 a1 4 20 20
Combined mmunodefencies with assocated or syndromc: » 19 o 38 36 o
featurs.

Wiskot-Adicn syndrome. 6 33 o 67 o o
DGeorge syncrome 4 250 o o o 1
prava tdangectasia 6 o o o o o
Hypor g€ syncrome 7 o o o o 1
Other CID with syncromic features 5 o o o 20 o
Prodomeanty antbody deficiencies & 84 72 24 12 12
Agammagiobuinema 1 o o o o o
om 2 19 95 48 o 24
Other antbody deficknces 27 74 74 o 37 o
Diseases of irmune dysreguiaion 0 200 00 50 200 50
ALPS Fas deficency) 3 100 o o o o
PEX sycrome 1 100 o o 100 13
LRBA defcency 1 o [ o o
Frmune dysroguation 6 0 0 o o 187
with cots

Famiil hemophagocytic 3 o o o o o
ymphotistocyosis

Chodiak Higashi 2 0 o o o o
Otter ciseases of immuno dysceguiation 4 o 50 25 7 o
Congental deects o phagocte number o funciion o " 22 o 11 o
cop 4 o 50 0 250 o
Congenital neutopenia 3 33 o o o o
Other phagocy delects 2 o o o o 13
Dedocts of ninsic and innate rvmunity 6 o o o 167 o
STAT GOF 2 o [ 5 1
MSMD 4 0 o o o o
Complement defiencies 8 o o 29 0 o
HAE/CH nbitor dofcency 55 o o 38 o o
Other complement deficencies 3 o o o o o

ALPS, atoimmune hmphoprolforatve synatome; CO, colac disease; CGD, chronic gramdomatous disase; CID, combined immunodofiency; CVID, common variabl
mnocdetiency; GOF, gai-of-uncton; HAE, heredtary angoedema 18D, ifnlory bowel 0eas: IPEX, irmund oysunction, poyenchcinopaty, enteopaty, LREA,
foopolysacohar esponsvo an bege ko ancher proten: MM, mendekan susceptiy (o mycobacteral saase; OS, Omenn yrekorme: P, prnasy immunodefcency
e 80K sasicbise Mistoodsiihncys STAT. st (ashuonr e aihiior of Fatscloton.





OPS/images/fimmu.2021.685213/fimmu-12-685213-g004.jpg





OPS/images/fimmu.2021.665322/table6.jpg
PID pationts % Hoalthy controls % P

324 158 <00005
67 o 0002
43 o 0024
0 o 0028
1.7 o NS
o7 o NS
10 NO N
o7 ND N
03 NO N
50 a2 NS
43 a2 NS
13 17 NS
43 08 NS
84 7 0014
74 17 0021
23 08 NS
20 25 NS
100 67 NS
7 o NS
a7 o 0039
13 o NS
o7 o NS
3 o NS
o7 o NS
03 o NS
03 o NS
03 o NS
50 08 0018
10 00 NS
54 08 0051
ant- <M1 03 00 NS
a0t GAD. 17 NO N
i TPO 20 NO N
TG 13 NO N
L 27 08 NS
CLIgG 10 3 NS
2CLigM 10 08 NS
a2GP1 166 o o NS
aB2GPHight 10 o NS

ACPA, antciutinated protein antbody; aCL, ant-cardoipin antivods; al2GP, anti 2
glvcoprotein | antibodies: ANA, anti-nuclear antbodies: ANCA, ant-neutrophi
cytoplasmic antbodies; aL, antnetrophi antiody; APCA, ant-parital ol antody;
aPL_ anfohospholiot antbodies; ASCA, anisaccharomyoas carvisiad antbocy; ASA,
ant-smooth muscie antbody; GAD, ant-gutamic acid decarboxase, LK, iver-kidney
microsome; ND, not determined; NS: not signiican; PA,plateet-bound antioodies; REC,
r8d blood cel; RF, eumatoid factor; TG, thyrogobuin; TGA, anti-tansgtaminase
antbody: TPO, hhyokd Daroese.





OPS/images/fimmu.2021.685213/fimmu-12-685213-g005.jpg





OPS/images/fimmu.2021.665322/table3.jpg
Category AIDs Autoantibodies

) n(%)

immunodeficiencis afecting cefular and humoral 2 20
immunity @3 @85

Combind immunodefcencios wih 8 14
assocated or syndromic features 286) (500

Predominantly antibody deficencies. 20 17
@an) @085

Diseases of immune dysreguation 14 13
@00 (50

Congerital defects of phagocyte 3 3
number or function @33 (@3

Defects in intrinsic and imate imrmunity 2 2
@33 @33

Complement deficiencies 7 15
03 @21

Healthy controls o 19
© (158)

A0 aulahinkng e





OPS/images/fimmu.2021.685213/fimmu-12-685213-g006.jpg
esued i G T Corestaind I disier T





OPS/images/fimmu.2021.665322/table4.jpg
AID Number  Percentage (n = 299)

Autoimmune cylopenia 3 104
AHA 7 57
P 11 a7
Evans syndrome 3 10
Autoimmune neutroperia 3 10
Gastrointestina disorders ) 100
180 19 64
Celiac disease 8 27
Pernicious anermia 4 18
Rheumatologic disorders 11 a7
SLE 4 13
Endocrine dsorders. 10 33
insuin-dependent diabetes mefitus. 6 20
Hashimoto's disease a e
Skin dseases. 10 33

AID, autoimvmune dissase; AIHA, autoimmune hemoytc anema;1BD: infarmatory bowe
e 1T laiacing Inmboo il SEE Siatl s SO





OPS/images/fimmu.2021.685213/fimmu-12-685213-g007.jpg
~+ Cluster 1
- Cluster2

FroDaiINtY of Swvival
2

0 % w0 10 20 20
s





OPS/images/fimmu.2021.685213/crossmark.jpg
©

2

i

|





OPS/images/fimmu.2021.685213/fimmu-12-685213-g001.jpg
TCon
Globiastoma
Tumor Samples

Batoh Efiect Correcton |

Ir—cusmm.l_:.O

Envichment Anayss] VK ces

Tiymphocytes

B iymphocytes|

Macrophages.

dentifcation of 2 main clusters

2Custers:
Cluster 1: Anttumor mmane effcient
luste 2 Highly immunosuppressive

Clustor 2is associated to
[

Figh expression of immune checkponts

(PD1.This, LAG, CTLR, BTLA)

Fioh cpression ot mmumosuppression

olted gones {110, 4136, 767, L+

1oR. s, Coss.

Cluster 1: Good Prognosis
Cluster 2: Poor Prognosis






OPS/images/fimmu.2021.685213/fimmu-12-685213-g002.jpg
Ciuier2 <

e





OPS/images/fimmu.2021.685213/fimmu-12-685213-g003.jpg





OPS/images/fimmu.2021.816257/crossmark.jpg
©

2

i

|





OPS/images/fimmu.2021.679531/table5.jpg
Lung Function Test Mean 95% Confidence interval p-value

FEV,
PMScl-100 87.7 79.2 96.2
—> PMScl-75 73.6 65.5 81.6 0.017
—>Ku 70.9 61.3 80.5 0.011
Th/To 85.1 78.9 91.4
—> PMScl-75 73.6 65.5 81.6 0.017
—=>Ku 70.9 61.3 80.5 0.011
FVC
PMScl 100 82.352 73.2 91.5
—> Ro-52 69.8 64.9 74.8 0.019
—> PMScl 75 68.7 61 76.4 0.014
—>Ku 65.7 56.4 75 0.007
Th/To 78.7 127 84.6 0.013
—>Ku 65.7 56.4 75
FEV1/FVC ratio %
Ro-52 112 108.6 115.4
—> NOR90 104.9 99.79 109.9 0.02
—> RP155 106.5 104.1 108.8 0.01
—> Th/To 106.8 103.8 109.7 0.02
PEFR
PMScl 75 107.6 108.3 111.8
=& 89.7 78.7 100.8 0.006
—> Ro 82.7 74 915 0.001
—> ATA 81.2 62.4 100.1 0.003
—> NOR90 7.6 62.6 92.6 0.001
—> PMScl100 76 67.5 84.5 0.0001
—> RP155 75 69.4 80.6 0.002
—> RP11 74 63.4 84.6 0.018
—>Ku 73.8 64.7 82.9 0.0001
— Fibillarin 71.9 63.5 80.4 0.009

Patients with detectable anti-PMScl-100 and anti-Th/To had significantly higher FEV; and FVC values than those who were anti-PMScl-75, anti-Ku or anti-Ro-52 positive. The highest
PEFR values were recorded in anti-PMScl75 positive patients.
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Combined data Under 16 yrs. Over 16 yrs. Female: Male (F:M) ratio
All patients (n=240) 240 49 (20%) 191 (80%)
Age range (years) <1-94 <1-16 17-94
Median age (years) 36 7.5(2.73-12.38) 41.9 (39.8-44.0)
Proportion females 173 (72.1%) 25 (46.5%) 1562 (77.6%) 2.4:1
Proportion males 67 (27.9%) 23 (63.5%) 44 (22.4%)
Black patients (n=203) 203 46 (20.7%) 161 (79.3%) 3.5:1
Age range 0-84 <1-16 years 17-84
Median age (years) 35 7.56 (2.73-12.38) 40
White patients (n=27) 27 1(3.7%) 26 (96.3%) 3:1
Age range (years) 15-94 15 17-94
Median age (years) 46 15 47
Asian patients (n=10) 10 2 (20%) 8 (80%) 91
Age range (years) 1-60 1-4 22-60
Median age (years) 315 25 335

Age, race, and gender distribution of patients with detectable systemic sclerosis-specific autoantibodies.
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Autoantibody Mean g/L 95%Confidence Interval p-value
IlgG antibody PMScl-100 1,581 1,310 1,851
a. Fibrillarin 1,221 1,129 1,318 0.001
b. Ku 1217 1,023 1,411 0.008
c. NOR90 1,276 1,071 1,480 0.017
d. PMScl-756 1,310 1,220 1,401 0.009
e. Th/To 1,301 1,196 1,407 0.003
A (ATA) 1,717 1,316 2,118
a. Fibrillarin 1,221 1,129 1,313 0.005
b. Ku 1,217 1,023 1,411 0.002
c. NOR90 1,276 1,071 1,480 0.004
d. PMScl-75 1,310 1,220 1,401 0.002
e. RP155 1,347 1,269 1,425 0.003
f. Th/To 1,301 1,196 1,407 0.001
IgA antibody Fibrillarin 0.335 0.267 0.404 0.005
a. PMScl-75 0.234 0.195 0.273
ATA 0.336 0.270 0.401 0.005
a. PMScl-75 0.234 0.195 0.273
Ro-52 0.316 0.268 0.365 0.013
a. PMScl-75 0.234 0.195 0.273
Complement (C3) 0.126 g/L.
PMScl 100 0.136 0.089 0.183 0.017
a. CENPB 0.128 0.111 0.145
Th/To 0.136 0.119 0.153 0.023
a. Ro-52 0.109 0.092 0.126
Complement C4
ATA 0.045 g/L 0.003
a. CENPB 0.026 g/l
Total Lymphocyte % 35.37% 31.91 38.42
CD4+ T lymphocytes % %
ATA 47.33 41.96 52.70
a. anti-RP11 41.56 36.98 46.15
b. CENPB 41.72 37.94 45.50
Th/To 45.45 42.47 48.43
a. CENPB 41.72 37.94 45.50
CD8+ T lymphocytes % 27.56% 22.79 32.66
CENPB 28.6 24.28 32.92
a. ATA 23.7 19.00 24.41

The levels of IgA, IgG, complement and CD4+ T lymphocytes were highest in anti-ATA and anti-PMScl100 seropositive patients.
The bold values were used as a comparator in the statistical analyses. The p-values are a comparison of the frequency of autoantibody detection relative to the bold values.
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Raynaud’s Phenomenon

Respiratory symptoms

Gastrointestinal

Cutaneous

Tissue swelling

Musculoskeletal

Raynaud’s Vasculopathy

cough
Dyspneatightness of the chest
wheeze

nasal discharge
sneezing

Nasal blockage
asthma

chest pain
Rhinorrhea
Posterior nasal drip
Allergic rhinitis

constipation

Abdominal pain

bloating

Gastro-esophageal Reflux

Heartburn

Dysphagia/esophageal dysmotility
Peptic ulcers

Vomiting

Diarrhea

Inflammatory bowel disease/syndrome

urticaria and pruritus

Skin hypo/hyperpigmentation

Alopecia or hair thinning

psoriasiform rash (morphea)?

Alopecia or hair thinning

eczema

perioral or periorbital hyperpigmentation
cutaneous bilisters or skin ulcers
Classical morphoea

Calcinosis, teleangiectasia, skin keratinization
fingertip ulcers

Angioedema (19) face (23), lips (17), eyelids (16)
Hands or feet (including palms and soles)

Puffy fingers

Generalized swelling

Other swelling Ear lobe (5), scalp (3), torso (2)

joint pain unspecified (93), knee (57), finger (41), ankle (24), wrist (20), hip (16), feet (12), elbow (12)

Muscle cramps
Madonna fingers
Jaw movement limitation

57

174

162
59
59
54

47

42
18
37
34
27

114
13
84
72
68
42
38
37
26
23

195
51
40
37
40
39
12
"

19
34
24
10
"

%
24%

75.5%
67%
24.60%
24.6%
22.50%
19.60%
17.50%
7.50%
156.4%
14%
11.5%

47.5%
47%
35%
30%

28.3%

17.5%

15.8%

15.4%

10.8%
9.6%

81%
21.3%
16.7%

15%
16.7%
16.3%

5%

4.6%

2.9%

4.5%

21%

12%
14%
10%
4.2%
4.6%

39%
5.4%
1.3%
1.25%
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Clinical trial Title of the study Study population  Phase Intervention Study design Date
NCTO1670890 Efficacy and Safety of TMZ Plus CDDPin  Malignant Gliomas Phase | Drug: Temozolomide Drug: Allocation: Non-Randomized Intervention Model: Parallel  August 2012
the Patients With Recurrent Malignant Temozolomide plus necadjuvant  Masking: None (Open Labe). Primary Purpose:
Gliomas CDDP Treatment
Assignment
NCTO3011671  Study of Acetazolamide With Malignant Gioma of Brain  Phase | Drug: Acetazolamide and Allocation: N/A Intervention Modet: Single Group October 3, 2018
“Temozolomide in Adults With Newly Tolomozomide Assignment Masking: None (Open Label) Primary
Diagnosed or Recurrent Malignant Glioma Purpose: Treatment
NCT03973879  Combination of PVSRIPO and Malignant Gioma Phase|  Biological: PVSRIPO Allocation: N/A February 2020
Atezolizumab for Adults With Recurrent Phase Il Drug: Atezolizumab Intervention Model: Single Group Assignment
Malignant Glioma Masking: None (Open Label)
Primary Purpose: Treatment
NCT00953121 Bevacizumab Plus lrinotecan Plus Malignant Glioma Phase Il Drug: bevacizumab and CPT-11 and  Allocation: NonRandomized September 2009
Carboplatin for Recurrent Malignant Glioma Carboplatin Intervention Model: Parallel Assignment
(MG) Masking: None (Open Label)
Primary Purpose: Treatment
NCT02313272  Hypofractionated Stereotactic Irradiation  Malignant Glioma Phase | Radiation: Hypofractionated Allocation: N/A May 5, 2015
(HFSRT) With Pembrolizumab and Stereotactic Irradiation (HFSRT) Intervention Mode: Single Group Assignment
Bevacizumab for Recurrent High Grade Drug: Pembrolizumab Masking: None (Open Label)
Giomas Drug: Bevacizumab Primary Purpose: Treatment
NCT02829931 Hypofractionated Stereotactic Irradiation  Malignant Glioma Phase | Radiation: Hypofractionated Allocation: N/A August 22, 2016
With Nivolumab, Ipiimumab and Stereotactic Iradiation Intervention Model: Single Group Assignment
Bevacizumab in Patients With Recurrent Drug: Nivolumab Masking: None (Open Label)
High Grade Gliomas Drug: Bevacizumab Primary Purpose: Treatment
Drug: Ipiimumab.
NCTO01891747 A Phase | Study of High-dose L- Malignant Glioma Phase | Drug: Bevacizumab Allocation: N/A July 2013
methylfolate in Combination With Drug: Temozolomide Intervention Model: Single Group Assignment
Temozolomide and Bevacizumab in Dietary Supplement: Vitamin C Masking: None (Open Label)
Recurrent High Grade Giioma Primary Purpose: Treatment
NCTO00271609 Bevacizumab for Recurrent Malignant Recurrent High-Grade ~ Phase Il Drug: Bevacizumab Allocation: Randomnized December 2005
Gioma Giomas Intervention Model: Parallel Assignment
Malignant Giiomas Masking: None (Open Label)
Primary Purpose: Treatment
NCT02590263 Study Evaluating ABT-414 in Japanese Malignant Glioma Phase | Radiation: Whole Brain Radiation Allocation: NonRandomized August 24, 2015
Subjects With Malignant Glioma Glioblastoma Multiforme  Phase Il Drug: Temozolomide Intervention Model: Single Group Assignment
Drug: ABT-414 Masking: None (Open Label)
Primary Purpose: Treatment
NCTO00782756 ~ Bevacizumab, Temozolomide and Brain Cancer Phase Il Other: radiotherapy (RT) in Allocation: N/A October 28, 2008
Hypofractionated Radiotherapy for Patients ~ Malignant Glioma combination with temozolomide and  Intervention Model: Single Group Assignment
With Newly Diagnosed Malignant Glioma bevacizumab Masking: None (Open Label)
Primary Purpose: Treatment
NCTO1738646 Ph Il SAHA and Bevacizumab for Recurrent Glioblastoma  Phase Il Drug: Vorinostat Allocation: N/A January 2013

Recurrent Malignant Glioma Patients

Multitorme
Malignant Giioma
Adult Brain Tumor

Drug: Bevacizumab

Intervention Model: Single Group Assignment
Masking: None (Open Label)
Primary Purpose: Treatment
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Immunological Investigation Results Reference Values Unit

Absolute leucocyte count 217 6.4-12.00 10%L

Absolute lymphocyte count 71 3.60-8.90 1090

Absolute eosinophil count 9.8 <05 10%L
Flow cytometry lymphocyte phenotyping

T CD3+ 91 53-75 % of Lc

T CD4+ 52 32-51 % of Lc

T CD8+ 25 14-30 % of Lc

TCR o/B+ CD4-CD8- (DNT cells) 51 <15 % of CD3+ L

CD25+FOXP3+ (Treg cells) 0.11) = % of CD4+ Lc

CD45RA+CCR7- (TEMRA cells) 241 4-15 % of CD4+ Lc
Lymphocyte proliferation tests

PHA 108307 Control: 98849 cpm

Anti-CD3 112209 Control: 80842 cpm
Immunoglobulins

19G 15.511 3.4-62 gl

IgA 142 0.33-1.22 gL

IgM 0.31) 0.48-1.43 gL

IgE 60461 <144 KuA
ALPS parameters

sFasL: 1.41 <0.2 ng/ml

IL-10 (tested twice): 69.41; 241 <20 pg/mi

CD95: 67 - % of Lc

Apoptosis functional assay in EBV-LCL: 19.6| Control: 79; 4 % of cell death

Apoptosis functional assay in PHA-PBL: 23| Control: 49 % of cell death

Vitamin B12 (tested twice): 1061; 564 345-1154 pg/ml
Autoantibodies
Anti-nuclear antibodies Negative <1:80 Titer
Anti-DNA Negative <1:10 Titer
Anti-smooth muscle Negative <1:100 Titer
Anti-mitochondrial antibodies Negative <1:100 Titer
Anti-cardiolipin IgM Negative <12 PL U/ml
Anti-cardiolipin IgG 20,811 <12 PL U/ml
Anti-B2 glycoprotein 1 IgM Negative <56 PL U/ml
Anti-B2 glycoprotein 1 IgG Negative <5 PL U/ml
Rheumatoid factor Negative 15 U/ml
Anti-cyclic citrulinated peptides Negative 5 U/ml
Anti-TSH receptor Negative 5 U/ml
Anti- thyroperoxidase antibodies Negative <50 U/mi
Anti-intrinsic factor antibodies Negative = NA
Autoantibodies against parietal cell antigens Negative -~ NA
Anti-enzyme tissue transgulataminase IgA Negative <4 U/ml
Anti-deamidated gliadin peptide Negative <10 1U/ml
Anti-glutamic acid decarboxylase Negative <10 U/ml

Altered parameters are in bold. : 1: increased; |: reduced. Sl, Stimulation Index; NA, not applicable; DNT, cells: double negative t cells; Treg cells, T regulatory cells; TEMRA cells, terminally
differentiated effector memory cells reexpressing CD45RA; PHA, phytohemagglutinin. Lymphocyte proliferation, expressed as radioactive counts per minutes (cpm) measured by 3H
thymidine incorporation into DNA from the patient and a healthy control studied the same day. EBV-LCL, EBV-lymphoblastoid cell lines; PHA-PBL, PHA-activated peripheral blood
lymphocytes; anti-TSH receptor, anti-thyroid stimulating hormone receptor.
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n tested (%) n positive

ANA 6/11 (54.5) 0
Anti-dsSDNA 3/11(27.3) 0
RF 6/11 (54.5) 0
HLA-B27 3/11(27.3) 1
ASO 3/11 (27.3) 0
Anti-DNase B 3/11(27.3) 0

ANA, antinuclear antibodiies; anti-dsDNA, anti-double stranded deoxyribonucleic acid
antibodies; RF, rheumatoid factor; HLA-B27, human leukocyte antigen B27; ASO,
antistreptolysin O; anti-DNase B, anti-deoxyribonuclease B.





OPS/images/fimmu.2021.677984/table4.jpg
n (%) Duration at remission, in Total duration, in
months Median (IQR) months Median (IQR)

NSAID 11 - -
(100.0)

cLQ 9 12.0 (9.1 - 18.9) 22.8(18.0 - 48.1)
©1.8)

MTX 5 15.0 (11.5 - 20.0) 27.7 (11.7 - 30.1)
(45.5)

Leflunomide 1(9.1) - -

Oral 7 13.8 (12.4 - 18.7) 220(18.0 - 32.9)

prednisone 63.6)

Intravenous 2 = =

steroid therapy ~ (18.2)

Intraarticular 4 = e

steroid therapy ~ (36.4)

NSAID, nonsteroidal anti-inflammatory drug; CLQ, chloroquine; MTX, methotrexate; n,
number; IQR, interquartile range.
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CD4 countat HIV  Pattern of articular involvement  Associated ~ Associated clinical Opportunistic Comorbidities  Nutritional
diagnosis, cells/uL (%) (number of active joints) rheumatic features infections status
features

1 431 (20) Polyarthritis (6) Erythema LAD, hepatomegaly Pulmonary TB - Mild UWFA
nodosum Mild
stunting
2 752 (29) Oligoarthritis (3) Tenosynovitis  Splenomegaly, PPE - - Normal
WFA
Mild
stunting
3 444 (15) Oligoarthritis (4) Enthesitis PPE Oral candidiasis &= Moderate
UWFA
Mild
stunting
4 453 (15) Oligoarthritis (2) - LAD, hepatomegaly, - - Moderate
parotidomegaly, PPE UWFA
Mid
stunting
5 161 (11) Oligoarthritis (4) - LAD, HSM Abdominal TB, parvovirus ~ Severe acute Severe
B19 aplastic anaemia malnutrition UWFA
Moderate
stunting
6 375 (19.5) Polyarthritis (10) Enthesitis, Oral ulcers, clubbing, Pulmonary TB Post-TB =
myalgia scabies bronchiectasis
7 237 (18) Oligoarthritis (3) Dactylitis, LAD, PPE TB monoarthritis, CMV - Severe
myalgia enteritis UWFA
Severe
stunting
8 389 (21) Oligoarthritis (2) Enthesitis, Bilateral cataracts, Pulmonary TB, V2V - Severe
uveitis hepatomegaly meningitis UWFA
Severe
stunting
9 2364 (49) Polyarthritis (6) - LAD Chronic HSV ulcers Severe acute Severe
malnutrition UWFA
Severe
stunting
10 282 (14) Polyarthritis (8) Enthesitis - - Obstructive Severe
hydrocephalus  UWFA
Severe
stunting
11 361 (34) Polyarthritis (5) Psoriasis Parotidomegaly Pulmonary TB - *

R, right; Lt, left; LAD, lymphadenopathy; UWFA, underweight-for-age; WFA, weight-for-age; MCPJ, metacarpophalangeal joint; IPJ, interphalangeal joint; PIPJ, proximal interphalangeal
joint; DIPJ, distal interphalangeal joint; TB, tuberculosis; HSV, herpes simplex virus; CMV, cytomegalovirus; VZV, varicella zoster virus.
*Insufficient data.
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N (%)

Leucocytosis (WCC > 11.0 x10° cells/L)
Leucoopenia (WCC <4.0 x10° cells/L)
Neutropenia (ANC < 1.5 x10° cells/L)
Lymphopenia (ALC < 1.4 x10° cells/L)

Anaemia (Hb < 11.0 g/dL)

Thrombocytosis (Platelet count > 400 x10° cells/L)
CRP > 10 mg/L

ESR > 30 mL/h

WCC, x10° cells/L

ANC, x10° cells/L.

ALC, x10° cells/L

Hb, g/dL

Platelet count, x10° cells/L
CRP, mg/L

ESR, mL/h

2/11 (18.2)
1/11 (9.1)
2/10 (20.0)
3/9 (33.3)
6/11 (54.5)
5/11 (45.5)
11/11 (100)
10/11 (90.9)
Median (IQR)
8.8(8.0-9.2)
42 (3.4-56)
1.9 (1.3-2.1)
10.7 (9.9 - 11.9)
361 (335 - 503)
36 (25 - 68)
126 (67 - 136)

WCC, white cell count; ANC, absolute neutrophil count; ALC, absolute lymphocyte count;
Hb, haemoglobin; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; n,

number; N, sample; IQR, interquartile range.
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Targets.

Wtsa
SFAPS.
Fadd
Fads.
Ror2
Ayk
LRPS
TCFs
p-catonin
Ls

L8

L1p
corz
cxcL10
coxz
GAPDH.

ATAAAGAGATAGTGOAMCCTTTCOAC
ARATACCTGTGGOCTIGGGC
‘CAGCCAGATGCAATCAATGOS
‘GAGCGTACAGCAGAGGAACC
CCCATGTCAMACCGAGGTG
ACTTCAACAGCGACACOCACTC

Roverse

TICTITGATGOCTGICTICE
TGTGCTOCATCTCACACTGS
‘GGOTGTATAAGOCAGCATGAT
CACTGAAGGACGGCTGGTAG
GOGAGGOCATCAGCTG
CCACTIGGAATCOOAGCTTA
AGATGTCGATGCTGAGGTCGTG
TEOCAMGMGTTGGTCCATTTT
TGGGCACCATATCAAGTCCAA
CATGTCTCOTTICTCAGGGCTG
AAGCTITACAATAATTTCTGTGTIGGC
TITGGGATCTAGAGTCTOCAGST
TGGAATOCTGAACCOACTICT
GAGTCAGAAAGATAAGGCAGE
COGGTGTIGAGCAGTITICTC
TACCAGGAAATGAGCTTGACAMG
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Parameters

Result

Normal range

Complete blood count

White blood cells (cells/ul)

Lymphocytes (cells/pl)

Neutrophils (cells/p)

Eosinophils (cells/ul)

monocytes (cells/pl)

Hemoglobin (g/dl)

Platelet (x10° cells/ul)

Immunoglobulin levels

IgG (mg/dl)
19G; (mg/dl)
19G2 (mg/dl)
19G3 (mg/dl)
19G,4 (mg/dl)

IgA (mg/dl)

IgM (mg/di)

IgE (IU/mi)

Lymphocyte subsets

CD3* T cells/pl

afiT cells (TCRoB+TCRy3-/CD3+)/T celis%

¥3T cells (TCRaB-TCRy3+/CD3+)/T cells%

CD4™ T cells/pl
CD4memoryCD45RO™ T cells/CD4* T cells%
CD4naive CD45RATCCRT7* T cells/CD4* T cells%
CD4cmCD45RA'CCR7* T cells/CD4* T cells%
CD4gCD45RA CCR7 T cells/CD4* T cells%
CD41emraCD45RAYCCR7" T cells/CD4* T cells%
CD4greCD45RAYCD31*/CD4" T cells%

CD8* T cells/ul
CD8memory CD45RO* T cells/CD8* T cells%
CDBaieCD45RATCCR7* T cells/CD8" T cells%
CD8cMCD45RA'CCR7* T cells/CD8* T cells%
CD8gCD45RA'CCR7™ T cells/CD8" T cells%
CD8remraCD45RA'CCR7™ T cells/CD8* T cells%

CD4*/CD8" Ratio

DN T cells (CD4-CD8-/CD3+TCRaf+)

Regulatory T cells (CD25+IL7R-/CD3+CD4+)

CD19*B cells/ul
Brawe (CD2771gD*)/CD19* B cells %
Bawitched memory (CD27*1gD)/CD19"* B cells %
Bunswitched memory (CD27*1gD*)/CD19* B cells %
Byransitional (CD24**CD38**)/CD19* B cells %
Bpiasmabiast (CD24'CD38"*)/CD19" B cells %
Bopa1(ow (CD21°¥CD38%)/CD19* B cells %

CD3-CD16+CD56" NK cells/pl

13800
2898
7866
2139
897
125

1755
1312.4
144
160.1
446
219
145
31120

2434
83
17

449

65.5

20.13

19.32

54.31

6.24

24.5

1782
82
1.6

0.25

91.98

6.17

0.25

0.35
11.62
275
68.11
8.09
7.13
4.3
2.43
17.5
188

4400 - 9500
1900 - 8700
2600 - 6300
0-200
300 - 900
12-17
150 - 450

680 - 1180

288 - 918
44 - 375

156.5-85.3
0.4-99.2
70-190
32-98

<45

1200 - 2600
85-95
7-20
650 - 1500
13-30
15.5 - 59.4
12.2 - 26.2
10.6 - 34.2
45-436
19.4 - 60.9
370 - 1100
8-37
55-39.7
12-38
20.1-44.7
21.5-61
15-29
0.18-2.81
4-14
270 - 860
69.4 - 80.4
52-12.1
75-124
45-92
07-35
09-35
100 - 480

Values in boldface and italics are abnormal.

CM, Central memory: EM, effector memory; TEMRA, Terminally differentiated T cells; RTE, Recent Thymic Emigrant, DN, Double negative.
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DiSanto et al. (16), de saint basile et al. (17)

Patient (age, 5 1/2-year-old Portuguese male

ethnicity)

Consanguinity No

Medical history protracted diarrhea, otitis media

Family history 3 maternal uncles and 2 older brothers died of bronchopneumonitis with
bronchiectasis, skin infections, protracted diarrhea, and failure to thrive

Onset 9-month-old

Immunological

findings

Thymic shadow extreme thymic atrophy with rare Hassal’s corpuscles

Blood count Normal

Immunophenotype  T°%, BY, NK*

Yo T cells Normal

Microbiological Poliovirus, Bordetella pertussis

examination

Extended T cells skewed to the memory phenotype

immunophenotyping

Immunoglobulin Normal with elevated IgE levels

levels

TCR-Vp repertoire limited TCRB heterogeneity and diminished functional activity
Lymphocyte Reduced

proliferation

IL2RG expression na

IL21/STAT3 na
phosphorylation
IL2 &IL7/STAT5 na
phosphorylation
IL4/STAT6 na
phosphorylation
TRECs na

Belaid et al.
7-year-old Algerian male
No
Persistent eczema, recurrent infections, cutaneous leishmaniasis
2 maternal uncles died of recurrent infections with bronchiectasis.
4-year-old
na
Normal
T, BY, NK*

Normal
leishmania infantum

T cells skewed to the memory phenotype, profound decreased
of naive T cells, normal distribution of B cells, reduced Th1.
Hypergammaglobulinemia with extremely high IgE levels.

na
Reduced

Severely reduced (by FCM)
na

Partially defective
Partially defective

n.a

n.a, not assessed; FCM, fiow cytometry; TRECs, T-cell receptor excision circles.
Both Disanto et al, and de Saint Basile et al. had reported the same case.
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