
 1 

FOXP3+ T cells are present in kidney biopsy samples in children with tubulointerstitial nephritis and uveitis syndrome 

 

Sari H. Rytkönen MD1, Petri Kulmala MD, PhD 1,2, Helena Autio-Harmainen MD, PhD 3, Pekka Arikoski MD, PhD 4, 

Kira Endén MD5,6, Janne Kataja MD7, Tuomo Karttunen Professor 3, Matti Nuutinen Professor 1, Timo Jahnukainen 

MD, PhD 6 

 

Affiliations: 

1PEDEGO Research Unit and Medical Research Center (MRC) Oulu, University of Oulu and Oulu University Hospital, 

Box 23, 90029 OYS, Oulu, Finland, 2Biomedicine Research Unit, Clinical Microbiology and Immunology, University 

of Oulu, Oulu, Finland, 3 Cancer and Translational Medicine Research Unit, University of Oulu, and Department of 

Pathology, Oulu University Hospital, Box 50, 90029 OYS, Finland 4Department of Pediatrics, University of Eastern-

Finland and Kuopio University Hospital, Box 100, 70029  KYS, Kuopio, Finland, 5Department of Pediatrics, Tampere 

University Hospital, Box 2000, 33521 TAYS, Tampere, Finland, 6Department of Pediatric Nephrology and 

Transplantation, Children’s Hospital, Helsinki University Hospital and Helsinki University, Stenbäckinkatu 11, Box 

281, 00029 Helsinki, Finland, 7Pediatric and Adolescent Medicine, Turku University Hospital, Box 51, 20520 TYKS, 

Turku, Finland 

 

Address correspondence to:  

Sari H. Rytkönen MD, 1PEDEGO Research Unit and Medical Research Center (MRC) Oulu, University of Oulu and 

Oulu University Hospital, Box 23, 90029 OYS, Oulu, Finland, Tel. +358405580227, E-mail: sari.rytkonen@fimnet.fi 

 

 

 

 

 

 

 

 

 

 

 



 2 

Abstract 

Background Tubulointerstitial nephritis (TIN) is an inflammatory disease with unknown pathogenesis. In order to 

evaluate a possible role of regulatory T cells (Treg) in the pathophysiology of TIN with (TINU) and without uveitis, we 

investigated the presence and quantity of FOXP3+ T regulatory lymphocytes in diagnostic kidney biopsies from 

pediatric patients.  

Methods A total of 33 patients (14 TIN and 19 TINU) were enrolled. The quantity of CD4+, FOXP3+ and double-

positive T cells in formalin-fixed kidney biopsies was determined using double label immunohistochemistry with anti-

human CD4 and FOXP3 antibodies.  

Results FOXP3 staining was successful in all 33 patients. In patients with chronic uveitis the density of FOXP3+ cells 

was significantly lower (p= 0.046) than in TIN patients without uveitis or with uveitis lasting < 3 months. CD4+ 

staining was successful in 23 patients. The density of all lymphocytes (CD4+, CD4+FOXP3+ and FOXP3+ cells) was 

significantly lower (p=0.023) in patients with chronic uveitis when compared to other patients.  

Conclusions FOXP3+ T cells are present in kidney biopsy samples from TIN and TINU patients. In patients with 

chronic uveitis the density of FOXP3+ T cells is significantly lower than in other patients, suggesting a different 

pathomechanism for these clinical conditions. 
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Introduction 

Tubulointersitial nephritis (TIN) is an inflammatory process affecting primarily renal interstitium and tubular wall 

without significant glomerular or vascular involvement [1]. In some cases renal symptoms are accompanied by uveal 

inflammation (TINU-syndrome) [2].  TIN has been reported to cause approximately 7% of acute kidney injuries (AKI) 

in pediatric population [3].  In adult population, TIN accounts approximately for 1.5─11% of all diagnostic renal 

biopsies [4]. 

TIN may be caused by various viruses and bacterial infections as well as by numerous drugs[5]. 

However, especially in children and adolescents the pathomechanism of TIN remains unknown. The diagnosis of TIN is 

based on histological findings in renal biopsy. Typically, there are T-cell infiltrations, plasma cells, and eosinophils in 

the renal interstitium and tubular walls [6]. Immunofluorescence usually remains negative, suggesting that TIN is not an 

antibody-mediated disease. Both TIN and TINU syndrome have been shown to be enriched in patients with certain 

HLA type, potentially reflecting underlying autoimmune mechanisms [7-9].   

Naturally occurring CD4+CD25+ regulatory T cells (nTreg) actively suppress pathological and 

physiological immune responses. These cells contribute to the maintenance of immunological self-tolerance and 

immune homeostasis by inhibiting the activation, proliferation and function of other lymphocytes in physiological or 

pathological immune responses [10]. Tregs constantly express the x-linked transcription factor forkhead box protein 3 

(FOXP3) which is the major regulator the development, homeostasis and function of regulatory T lymphocytes [11].  

Tregs have been shown to be important in many different immunological conditions such as renal 

allograft rejection [12, 13] as well as in many autoimmune diseases such as systemic lupus erythematosus (SLE), 

multiple sclerosis (MS), ankylosing spondylitis (AS) [14] and in glomerulonephritis (GN) [15, 16].  Mutations in 

FOXP3 gene lead to dysfuctional Treg cells causing immunodysregulation polyendocrinopathy enteropathy X-linked 

syndrome (IPEX) which accompanies severe autoimmune diseases e.g. diabetes, inflammatory bowel disease, allergy 

and different forms of renal injury [17] . 

The data regarding the expression of FOXP3+ T helper cells in renal biopsy samples is restricted to few 

study reports [18, 19]. In the present study, we aimed to evaluate the presence of these cells in the kidney biopsy 

samples of pediatric TIN patients. We also studied whether the expression of FOXP3+ T cells differ between the 

patients with TIN and TINU patients with or without chronic uveitis.  

 

Materials and Methods 
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In this nationwide study, all pediatric patients (age <16 years of age) diagnosed with biopsy-proven idiopathic TIN 

between 2001-2014 were enrolled. All except six patients had participated in our previous studies. All TIN diagnoses 

were based on kidney biopsies, which were performed before any treatment was given. All patients had meticulous 

work-up to exclude possible underlying conditions, such as respiratory infections, sarcoidosis, connective tissue 

disorder, lymphoma. Also patients with suspected self-limiting, drug-induced TIN were excluded. [2, 20, 21]. A total of 

42 patients from five university hospitals in Finland were found, and stored biopsy material was available from 33 

patients. Nineteen patients (58%) had uveitis (TINU syndrome) and 14 (42%) of them had chronic uveitis.  The median 

age at the time of diagnosis was 12.7 (9.4-14.4) years (Table 1). In ten (30%) cases immunohistochemical double-

staining for both CD4+ and FOXP3+ could not be done due to insufficient biopsy material, disorientation of the sample 

on the slide or poor quality of the staining. Consequently, double staining of both CD4+ and FOXP3+ cells was 

successful in 23 patients. 

All patients were followed up by pediatric nephrologist and ophthalmologist at least for one year after 

the diagnosis of TIN. Uveitis was classified according to standardization of uveitis nomenclature (SUN) criteria.  

Chronic uveitis was defined as uveitis that had lasted more than three months despite of treatment and/or with relapse 

with in three months after discontinuing treatment.  

Laboratory samples were taken at the time of the diagnostic kidney biopsy. Plasma creatinine (P-Crea), 

C-reactive protein (CRP), blood erythrocyte sedimentation rate (ESR), and urinary excretion of low molecular weight 

(LMW) proteinuria by measuring β-2-microglobulin (β-2-MG) were analysed from each patient. Glomerular filtration 

rate (GFR) was measured either by Cr-EDTA or iohexol clearance. Estimated GFR was calculated using bedside 

Schwartz formula. 

 

Immunohistochemistry 

Kidney biopsies were routinely formalin-fixed and embedded in paraffin blocks after biopsy. As part of this study, 

paraffin blocks were cut to 2,5-μm sections. The second phase was antigen retrieval with Tris-EDTA (pH 9) in 

microwave. The quantity of CD4+, FOXP3+ and CD4+FOXP3+ double-positive T cells were determined with double-

label immunohistochemistry using anti-human CD4 (Novacastra TM Product Code NCL-L-CD4-368 with 1:50 dilution) 

and FOXP3 (Abcam, 236A/E7 with 1:100 dilution) antibodies.  Immunostainings were performed using Dako REALTM 

EnVision TM Detection System  (Dako code K5007). For CD4+ cells DAB-peroxidase substrate was used from the same 

kit. For FOXP3 Vector SG substrate kit (catalog number SK-4700 by Vector laboratories) was used. (Figure 1) 
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The areal density of positive cells was determined with high magnification (x 40 objective) and a 

graticule corresponding field size of 0.063 mm2. Cells were counted in 5 random fields and the mean value was 

calculated. The quality of the CD4+ and FOXP3+ stainings was confirmed using positive control sample from tonsillar 

tissue. In addition to the kidney biopsy samples from the 33 TIN patients, 25 kidney biopsy samples from Henoch-

Schönlein nephritis (HSP) patients were stained as control samples (Figure 1). 

 

Statistical analysis 

We used IBM SPSS Statistics version 22 for statistical analysis. Due to skewed distribution of each measured 

continuous variable we used Mann-Whitney U test to compare the results between TIN and TINU patients with or 

without chronic uveitis. A two tailed p-value <0.05 was considered to indicate statistical significance.  

 

Results 

 

General findings 

The demographic data of the patients is presented in Table 1. In TIN patients, ESR and P-Crea were significantly higher 

(p=0.010 and p=0.012) and GFR was significantly lower (p=0.014) than in TINU patients at the time of diagnosis. 

Furthermore, in patients with chronic uveitis ESR was significantly higher (p= 0.039) than in patients without chronic 

uveitis (Table 1). 

 

Immunohistochemistry 

Immunohistochemical staining for FOXP3 was successful in all 33 patients. The cell densities are presented in Table 2 

separately for TIN patients, for patients with TINU, for patients with TINU and chronic uveitis, and for patients with 

TINU without chronic uveitis. In patients with chronic uveitis the density of FOXP3+ T cells was significantly lower 

(p= 0.046) than in TIN patients without uveitis or uveitis lasting <3 months (Table 2 and Figure 2). 

CD4+ staining was successful in 23 (70%) patients. The age and gender distribution of these 23 patients 

did not differ significantly from the total study population. The prevalence of uveitis (52%, n=12) and chronic uveitis 

(35%, n=8) were also comparable to the original population (data not shown). The results from the double staining 

experiments are shown in Table 2 and Figure 2. The overall density of lymphocytes was significantly lower (p=0.023) 

in patients with chronic uveitis compared to other patients.  
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Immunohistochemical stainings performed to 25 kidney biopsy samples from HSP patients were all 

successful. In all 25 HSP samples the density of CD4+ and FOXP3+ and double positive cells were almost nonexistent 

(Figure 1). 

 

Discussion 

TIN/TINU syndrome is a rare condition with various etiology but of unknown immunopathology [22]. In the present 

study, we have demonstrated for the first time that FOXP3+ T cells are present in kidney biopsy samples from pediatric 

TIN patients. We also showed some evidence for a significantly lower density of CD4+ and/or FOXP3+ T cells in TINU 

patients with chronic uveitis compared to other patients. It may well be that the immune response in patients with 

chronic TINU is different from other patients leading to prolonged inflammatory process. 

Renal biopsies of TIN patients typically show presence of T lymphocytes and other mononuclear cells 

and occasionally eosinophils [6]. The pathomechanism in TIN is therefore suggested to be antigen-driven molecular 

mimicking leading to autoimmune type disease [23]. A recent study by Cheng et al. has shown evidence about 

increased number of dendritic cells in kidney biopsy samples from TIN patients and from patients with lupus nephritis 

(LN) when compared to samples from minimal change disease patients [24]. In the present study, we found 

CD4+FOXP3+ T cells, i.e. potential Tregs, in the biopsy samples from TIN patients. Interestingly, in patients with 

chronic uveitis indicating persistent autoimmune response, the density of these cells was lower than in patients with 

other forms of TIN. It may well be that in these patients Treg activation is for some reason dampened, which leads to 

prolonged inflammatory response and chronic form of the disease. For comparison, the density of CD4+ and FOXP3+ 

cells were almost non-existing in our biopsy samples from HSP patients what is in line with previous studies [25, 26]. 

No previous data regarding Tregs in TINU patients has been published. However, it has been shown 

that the quantity of FOXP3+ T cells in kidney transplants positively correlates with long-term graft function. Patients 

with no chronic damage in biopsy had significantly higher percentage of CD3+/FOXP3+T cells compared to patients 

with any chronic histologic damage [12, 13]. Moreover, it has been shown that the amount of FOPX3+ T cells within 

the entire CD4+ T cell population is significantly higher in patients with subclinical or mild rejection than in patients 

with acute rejection and it correlates negatively with graft function at the time of biopsy [27], suggesting that Tregs may 

reduce interstitial inflammation. Polymorphisms in the FOXP3 gene and in genes coding various cytokines has been 

shown to cause altered inflammatory response, which may result in autoimmune disease [28].  

The potential role of Tregs in other autoimmune kidney diseases has been studied in both murine and 

human models. In anti-neutrophil cytoplasmic antibody (ANCA) -associated vasculitis (AAV), the findings from 
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human studies are conflicting regarding the amount of circulating Tregs but there is evidence that FOXP3+ Tregs are 

functionally impaired, with diminished capability to suppress effector T cell (Teff) proliferation [29-34]. There are 

several reports about reduced quantity and function of Treg cells in SLE patients. Xing et al. demonstrated decreased 

frequency of CD4+CD25+FOXP3+ Treg cells in peripheral blood with lupus nephritis (LN) compared to SLE patients 

without nephritis [35]. In the study by Afeltra et al. the ratio of FOXP3+/CD3+ cells was significantly lower in lupus 

nephritis class IV compared to lupus nephritis class V, to patients with nephroangiosclerosis and to 6 patients with acute 

TIN used as control patients [19].  

The major limitation of the present study is relatively low number of patients. However, TIN is a rare 

disease and this is by far one of the largest studies available in the literature. In addition, all patients were studied and 

followed up by pediatric nephrologist and ophthalmologist using the same protocol [21]. This meticulous work-up 

guarantees that the study population represents patients with idiopathic TIN or TINU with or without chronic uveitis. In 

addition, based on our results we are not able to draw any conclusions about the mechanism of uveitis in this patient 

cohort. However, several other autoimmune diseases that are accompanied with uveitis e.g. ankylosing spondylitis [36], 

juvenile idiopathic arthritis [37] and SLE [38] have been shown to have impaired Treg production or function.  

 

Conclusions 

To the best of our knowledge this is the first report comparing the presence of FOXP3+ T cells in biopsy samples from 

patients with TINU and patients with TINU and chronic uveitis.  FOXP3+ T cells could be found in all patients; 

however, in patients with chronic uveitis the density of Tregs was significantly lower than in other patients. This may 

indicate a different pathomechanism behind these clinical conditions, implying that in TINU patients with chronic 

uveitis the pathomechanism may be of autoimmune origin. Due to the relatively low number of patients replication 

studies with larger patient cohorts are needed. 

 

Acknowledgments 

This study has been supported by the Foundation for Pediatric Research, Finnish Medical Foundation, the Sigrid 

Juselius Foundation and the Alma and K.A. Snellman Foundation, Oulu, Finland.  We want to thank Mrs Heli 

Ylisuutari for her excellent contribution to the preparation and execution of the immunohistochemical stainings. 

 

Compliance with Ethical Standards 

Conflict of Interest 



 8 

The authors declare that they have no conflict of interest. 

Statement of human rights 

The study adhered to the tenets of the declaration of Helsinki and the study protocol was approved by ethics committee. 

All participants and / or their parents gave their informed consent for the study.   

Funding 

This study has been supported by the Foundation for Pediatric Research, Finnish Medical Foundation, the Sigrid 

Juselius Foundation and the Alma and K.A. Snellman Foundation, Oulu, Finland 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 9 

References 

1.  Takemura T, Okada M, Hino S, Fukushima K, Yamamoto S, Miyazato H, Maruyama K, Yoshioka K (1999) Course 

and outcome of tubulointerstitial nephritis and uveitis syndrome. Am J Kidney Dis 34:1016-1021 

2.  Saarela V, Nuutinen M, Ala-Houhala M, Arikoski P, Rönnholm K, Jahnukainen T (2013) Tubulointerstitial nephritis 

and uveitis syndrome in children: a prospective multicenter study. Ophthalmology 120:1476-1481 

3.  Ellis D, Fried WA, Yunis EJ, Blau EB (1981) Acute interstitial nephritis in children: a report of 13 cases and review 

of the literature. Pediatrics 67:862-870 

4.  Fiorentino M, Bolignano D, Tesar V, Pisano A, Van Biesen W, D'Arrigo G, Tripepi G, Gesualdo L, ERA-EDTA 

Immunonephrology Working Group (2016) Renal Biopsy in 2015--From Epidemiology to Evidence-Based Indications. 

Am J Nephrol 43:1-19 

5.  Praga M, Sevillano A, Auñón P, González E (2015) Changes in the aetiology, clinical presentation and management 

of acute interstitial nephritis, an increasingly common cause of acute kidney injury. Nephrol Dial Transplant 30:1472-

1479 

6.  Sanchez-Burson J, Garcia-Porrua C, Montero-Granados R, Gonzalez-Escribano F, Gonzalez-Gay MA (2002) 

Tubulointerstitial nephritis and uveitis syndrome in Southern Spain. Semin Arthritis Rheum 32:125-129 

7.  Reddy AK, Hwang YS, Mandelcorn ED, Davis JL (2014) HLA-DR, DQ class II DNA typing in pediatric panuveitis 

and tubulointerstitial nephritis and uveitis. Am J Ophthalmol 157:678-686.e1-2 

8.  Levinson RD, Park MS, Rikkers SM, Reed EF, Smith JR, Martin TM, Rosenbaum JT, Foster CS, Sherman MD, 

Holland GN (2003) Strong associations between specific HLA-DQ and HLA-DR alleles and the tubulointerstitial 

nephritis and uveitis syndrome. Invest Ophthalmol Vis Sci 44:653-657 

9.  Peräsaari J, Saarela V, Nikkilä J, Ala-Houhala M, Arikoski P, Kataja J, Rönnholm K, Merenmies J, Nuutinen M, 

Jahnukainen T (2013) HLA associations with tubulointerstitial nephritis with or without uveitis in Finnish pediatric 

population: a nation-wide study. Tissue Antigens 81:435-441 

10.  Dummer CD, Carpio VN, Gonçalves LF, Manfro RC, Veronese FV (2012) FOXP3+ regulatory T cells: from 

suppression of rejection to induction of renal allograft tolerance. Transpl Immunol 26:1-10 



 10 

11.  Li B, Samanta A, Song X, Furuuchi K, Iacono KT, Kennedy S, Katsumata M, Saouaf SJ, Greene MI (2006) 

FOXP3 ensembles in T-cell regulation. Immunol Rev 212:99-113 

12.  Bestard O, Cruzado JM, Rama I, Torras J, Gomà M, Serón D, Moreso F, Gil-Vernet S, Grinyó JM (2008) Presence 

of FoxP3+ regulatory T Cells predicts outcome of subclinical rejection of renal allografts. J Am Soc Nephrol 19:2020-

2026 

13.  Bestard O, Cuñetti L, Cruzado JM, Lucia M, Valdez R, Olek S, Melilli E, Torras J, Mast R, Gomà M, Franquesa 

M, Grinyó JM (2011) Intragraft regulatory T cells in protocol biopsies retain foxp3 demethylation and are protective 

biomarkers for kidney graft outcome. Am J Transplant 11:2162-2172 

14.  Nie J, Li YY, Zheng SG, Tsun A, Li B (2015) FOXP3(+) Treg Cells and Gender Bias in Autoimmune Diseases. 

Front Immunol 6:493 

15.  Paust HJ, Ostmann A, Erhardt A, Turner JE, Velden J, Mittrücker HW, Sparwasser T, Panzer U, Tiegs G (2011) 

Regulatory T cells control the Th1 immune response in murine crescentic glomerulonephritis. Kidney Int 80:154-164 

16.  Wolf D, Hochegger K, Wolf AM, Rumpold HF, Gastl G, Tilg H, Mayer G, Gunsilius E, Rosenkranz AR (2005) 

CD4+CD25+ regulatory T cells inhibit experimental anti-glomerular basement membrane glomerulonephritis in mice. J 

Am Soc Nephrol 16:1360-1370 

17.  Sheikine Y, Woda CB, Lee PY, Chatila TA, Keles S, Charbonnier LM, Schmidt B, Rosen S, Rodig NM (2015) 

Renal involvement in the immunodysregulation, polyendocrinopathy, enteropathy, X-linked (IPEX) disorder. Pediatr 

Nephrol 30:1197-1202 

18.  Mizushima I, Yamada K, Fujii H, Inoue D, Umehara H, Yamagishi M, Yamaguchi Y, Nagata M, Matsumura M, 

Kawano M (2012) Clinical and histological changes associated with corticosteroid therapy in IgG4-related 

tubulointerstitial nephritis. Mod Rheumatol 22:859-870 

19.  Afeltra A, Gigante A, Margiotta DP, Taffon C, Cianci R, Barbano B, Liberatori M, Amoroso A, Rossi Fanelli F 

(2015) The involvement of T regulatory lymphocytes in a cohort of lupus nephritis patients: a pilot study. Intern Emerg 

Med 10:677-683 

20.  Jahnukainen T, Saarela V, Arikoski P, Ylinen E, Rönnholm K, Ala-Houhala M, Nuutinen M (2013) Prednisone in 

the treatment of tubulointerstitial nephritis in children. Pediatr Nephrol 28:1253-1260 



 11 

21.  Jahnukainen T, Ala-Houhala M, Karikoski R, Kataja J, Saarela V, Nuutinen M (2011) Clinical outcome and 

occurrence of uveitis in children with idiopathic tubulointerstitial nephritis. Pediatr Nephrol 26:291-299 

22.  Joyce E, Glasner P, Ranganathan S, Swiatecka-Urban A (2017) Tubulointerstitial nephritis: diagnosis, treatment, 

and monitoring. Pediatr Nephrol 32:577-587 

23.  Praga M, González E (2010) Acute interstitial nephritis. Kidney Int 77:956-961 

24.  Cheng M, Gu X, Herrera GA (2016) Dendritic cells in renal biopsies of patients with acute tubulointerstitial 

nephritis. Hum Pathol 54:113-120 

25.  Donadio ME, Loiacono E, Peruzzi L, Amore A, Camilla R, Chiale F, Vergano L, Boido A, Conrieri M, Bianciotto 

M, Bosetti FM, Coppo R (2014) Toll-like receptors, immunoproteasome and regulatory T cells in children with 

Henoch-Schönlein purpura and primary IgA nephropathy. Pediatr Nephrol 29:1545-1551 

26.  Shao X, Jiang C, Li Y, Jiang X, Xu H, Ying P, Qiu J, Lin J, Zheng S, Chang L, Huang Y (2014) [Function of 

CD4(+) CD25(+) regulatory T cells in Henoch-Schonlein purpura nephritis in children]. Zhonghua Er Ke Za Zhi 

52:516-520 

27.  Taflin C, Nochy D, Hill G, Frouget T, Rioux N, Vérine J, Bruneval P, Glotz D (2010) Regulatory T cells in kidney 

allograft infiltrates correlate with initial inflammation and graft function. Transplantation 89:194-199 

28.  Oda JM, Hirata BK, Guembarovski RL, Watanabe MA (2013) Genetic polymorphism in FOXP3 gene: imbalance 

in regulatory T-cell role and development of human diseases. J Genet 92:163-171 

29.  Ghali JR, Wang YM, Holdsworth SR, Kitching AR (2016) Regulatory T cells in immune-mediated renal disease. 

Nephrology (Carlton) 21:86-96 

30.  Free ME, Bunch DO, McGregor JA, Jones BE, Berg EA, Hogan SL, Hu Y, Preston GA, Jennette JC, Falk RJ, Su 

MA (2013) Patients with antineutrophil cytoplasmic antibody-associated vasculitis have defective Treg cell function 

exacerbated by the presence of a suppression-resistant effector cell population. Arthritis Rheum 65:1922-1933 

31.  Rimbert M, Hamidou M, Braudeau C, Puéchal X, Teixeira L, Caillon H, Néel A, Audrain M, Guillevin L, Josien R 

(2011) Decreased numbers of blood dendritic cells and defective function of regulatory T cells in antineutrophil 

cytoplasmic antibody-associated vasculitis. PLoS One 6:e18734 



 12 

32.  Morgan MD, Day CJ, Piper KP, Khan N, Harper L, Moss PA, Savage CO (2010) Patients with Wegener's 

granulomatosis demonstrate a relative deficiency and functional impairment of T-regulatory cells. Immunology 130:64-

73 

33.  Abdulahad WH, Stegeman CA, van der Geld YM, Doornbos-van der Meer B, Limburg PC, Kallenberg CG (2007) 

Functional defect of circulating regulatory CD4+ T cells in patients with Wegener's granulomatosis in remission. 

Arthritis Rheum 56:2080-2091 

34.  Klapa S, Mueller A, Csernok E, Fagin U, Klenerman P, Holl-Ulrich K, Gross WL, Lamprecht P (2010) Lower 

numbers of FoxP3 and CCR4 co-expressing cells in an elevated subpopulation of CD4+CD25high regulatory T cells 

from Wegener's granulomatosis. Clin Exp Rheumatol 28(1 Suppl 57):72-80 

35.  Xing Q, Wang B, Su H, Cui J, Li J (2012) Elevated Th17 cells are accompanied by FoxP3+ Treg cells decrease in 

patients with lupus nephritis. Rheumatol Int 32:949-958 

36.  Li H, Li Q, Ji C, Gu J (2016) Ankylosing Spondylitis Patients with HLA-B*2704 have More Uveitis than Patients 

with HLA-B*2705 in a North Chinese Population. Ocul Immunol Inflamm 18:1-5 

37.  Angeles-Han ST, McCracken C, Yeh S, Jang SR, Jenkins K, Cope S, Bohnsack J, Hersh A, Thompson SD, 

Prahalad S (2015) HLA Associations in a Cohort of Children With Juvenile Idiopathic Arthritis With and Without 

Uveitis. Invest Ophthalmol Vis Sci 56:6043-6048 

38.  Skarsvåg S, Hansen KE, Holst A, Moen T (1992) Distribution of HLA class II alleles among Scandinavian patients 

with systemic lupus erythematosus (SLE): an increased risk of SLE among non[DRB1*03,DQA1*0501,DQB1*0201] 

class II homozygotes? Tissue Antigens 40:128-133 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 13 

Fig. 1 Immunohistochemical staining of CD4+ and FOXP3+.  a Renal biopsy from a TINU patient 

with chronic uveitis, 20xmagnification. b Same specimen with 40x magnification. c Control 

tonsilla tissue, 40x magnification. d Renal biopsy sample from a HSP patient, 40x magnification. 

TINU, tubulointerstitial nephritis and uveitis syndrome 

* Double positive CD4+FOXP3+ cell   # CD4+ cell 

 

Fig. 2 Comparison of FOXP3+ and/or CD4+ cell density between TIN, TINU and patients with or without chronic 

uveitis a Difference in all FOXP3+ cells between TIN and TINU patients, n= 33. b Difference in all FOXP3+ cells 

between patients with and without chronic uveitis, n=33. c Difference between all cells (CD4+FOXP3+, CD4+ and 

FOXP3+ cells) between patients with and without chronic uveitis, n= 23. TIN, tubulointerstitial nephritis; TINU, 

tubulointerstitial nephritis and uveitis syndrome; Chronic uveitis was defined as uveitis that had lasted more than three 

months despite of treatment and/or with relapse with in three months after discontinuing treatment; Each boxplot 

presents the median and the 25th and 75th centiles; Error bars represent the smallest and the largest values 
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Table 1 Patient demographics and key laboratory findings at the time of the diagnostic biopsy. The data is presented for all patients and 

depending on the presence and chronicity of uveitis 

 All patients 

n= 33 
TIN 

n= 14 
TINU 

n= 19 
p value  TINU with 

Chronic uveitis 

n= 14 

No chronic uveitis* 

n= 19 
p value TINU without 

chronic uveitis  

n =5 # 

 

Male gender,  

n (%) 

 

17 

(52) 

 

7 

(50) 

 

 

10 

(53) 

 

  

8 

(57) 

 

 

9 

(47) 

 

 

 

2 

(40) 

Age, years 
12.7 

(9.4-14.4) 
11.4 

(8.5-12.2) 
12.7 

(12.1-14.3) 
0.358 

 

13.2 

(12.1-14.4) 

 

11.8 

(8.8-12.3) 

 

0.679 

 

 

13.2 

(10.9-15.0) 

CRP, mg/L 
14.0 

(3.0-60.0) 

 

34.0 

(4.0-74.0) 

 

13.0 

(3.0-53.0) 
0.286 

 

13.0 

(3.0-53.0) 

 

23.0 

(3.0-60.0) 

 

0.650 

 
8.4 

(2.5-48.5) 

P-Crea, μmol/L 
143.0 

(108.0-259.0) 
254.0 

(102.0-332.0) 

 

128.0 

(103.0-169.0) 

 

0.012 

 
127.0 

(92.0-205.0) 

 

139.0 

(103.0-263.0) 

 

0.186 

 
128.0 

(99.0-132.0) 

U-β2MG, mg/L 

 

20,0 

(3.4-48.0) 
14,8 

(2.3-20.6) 

 

34,0 

(12.6-47.0) 

 

0.220 

 

20,0 

(3.4-47.0) 

 

20,6 

(3.2-42.0) 

 

0.650 

 
38.0 

(11.2- 69.7) 

ESR, mm/h 95.0 

(39.0-116.0) 
104.0 

(94.0-113.0) 
73.0 

(29-106) 
0.010 64.0 

(25.0-92.0) 
105.0 

(92.0-114.0) 
0.039 95.0 

(29.0-110.0) 

GFR, ml/min/ 

1.73m2 
53.0 

(28.0-78.0) 
31.0 

(22.0-97.0) 
61.0 

(47.0-80.0) 
0.014 

62.0 

(47.0-91.0) 
45.0 

(27.0-72.0) 
0.077 

 

65.4 

(45.5-77.5) 

 

TIN, Tubulointerstitial nephritis; TINU, tubulointerstitial nephritis with uveitis syndrome; CRP, C-reactive protein; P-Crea, plasma creatinine 

concentration; U-β2MG, urine beta-2-microglobulin concentration; ESR, erythrocyte sedimentation rate; GFR, glomerular filtration rate. 

Chronic uveitis was defined as uveitis that had lasted more than three months despite of treatment and/or with relapse with in three months after 

discontinuing treatment. Reported values are median values and 25th and 75th percentiles are in brackets. 

* Including patients with TIN and TINU syndrome without chronic uveitis 

# There were no statistical differences between TINU patients without chronic uveitis compared to other subgroups 
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Table 2 Lymphocyte densities in all patients, in patients with TIN and TINU syndrome and depending on the presence of and chronicity of uveitis 

 All patients 

n= 33#/23 
TIN 

 n= 14#/11 
TINU 

n= 19#/12 
p value 

 

TINU with 

chronic 

uveitis 

 n= 14#/8 

TINU without 

chronic uveitis 

n= 5#/4 

All patients 

without chronic 

uveitis 

 n= 19#/15 

p value 

chronic uveitis 

vs. no chronic 

uveitis 

All  FOXP3+  

/ mm2 

n= 33 

240 

(134-448) 

 

283 

(131-432) 
230 

(141-422) 
0.76 187 

(134-240) 
502 

(381-512) 
381 

(211-502) 
0.046 

All cells 

/mm2  * 

n= 23 

583 

(362-1261) 
1181 

(446-1280) 
520 

(362-658) 
0.375 464 

(282-556) 
1192 

(583-1974) 
1181 

(522-1389) 
0.023 

CD4+FOXP3+ 

/mm2 

n= 23 

141 

(67-272) 
211 

(82-296) 
104 

(62-197) 
0.413 93 

(62-157) 
248 

(83-440) 
211 

(82-350) 
0.131 

CD4+ 

/mm2 

n= 23 

333 

(138-560) 
333 

(170-654) 
312 

(139-402) 
0.833 312 

(123-373) 
764 

(160-373) 
333 

(160-890) 
0.325 

 

TIN, tubulointerstitial nephritis; TINU, tubulointerstitial nephritis and uveitis syndrome 

Chronic uveitis was defined as uveitis that had lasted more than three months despite of treatment and/or with relapse with in three months after 

discontinuing treatment.  

Reported values are median values and 25th and 75th percentiles are in brackets 

* CD4+, CD4+FOXP3+ and FOXP3+ cells  

# All patients with successful FOXP3+ staining 

 All patients with successful double staining 
 

 


