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Abstract 
[bookmark: _Hlk512591061]The incidence of the collapsing variant of focal segmental glomerulosclerosis (FSGS), as a human immunodeficiency virus (HIV)-associated nephropathy has reduced since the introduction of antiretroviral therapy (ART). However, the incidence of other variants of FSGS, except for the collapsing variant, is increasing and its therapeutic strategies remain uncertain. A 60-year-old HIV infected man under remission with ART was admitted for progressive renal insufficiency and nephrotic-ranged proteinuria. Renal biopsy revealed a tip variant of FSGS, and his clinical manifestations resolved with corticosteroid therapy. We report an HIV infected patient under remission with ART, who presented with a rare tip variant of FSGS which resolved with corticosteroid therapy. HIV infected patients might develop non-collapsing FSGS, including tip variant of FSGS and corticosteroid therapy might be effective for them. A renal biopsy might be essential to determine the renal histology, and to decide on corticosteroid therapy.
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Core tip: Collapsing variant of focal segmental glomerulosclerosis (FSGS) is the most famous kidney disease in human immunodeficiency virus (HIV) infected patients. However, the incidence has reduced since the introduction of antiretroviral therapy (ART). Although the incidence of other variants of FSGS, except for the collapsing variant is increasing, tip variant of FSGS has been rarely reported. Therefore, we report an HIV infected patient under remission with ART, who presented with a rare tip variant of FSGS which resolved with corticosteroid therapy. We suggest a renal biopsy might be essential to determine the renal histology, and to decide on corticosteroid therapy.
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INTRODUCTION
Human immunodeficiency virus (HIV) infection as a cause of various kidney diseases is well known. The collapsing variant of focal segmental glomerulosclerosis (FSGS), as an HIV-associated nephropathy (HIVAN), is one of the most frequently occurring kidney diseases[1]. HIVAN was first reported by Rao et al[2] in 1984. It is characterized by tubular abnormalities that include cellular degeneration and necrosis as well as cystic dilatation and interstitial changes that are edematous and often infiltrated by lymphocytes, in addition to the collapsing variant of FSGS[2]. 
Antiretroviral therapy (ART) is effective for preserving renal function and reversing HIVAN[3]. It is reported that the use of ART slows the progression to renal replacement therapy, in patients with HIVAN[4]. However, ART has no beneficial effect on the renal function in patients with lesions other than HIVAN, including the tip variant of FSGS[4]. HIV-immune-complex kidney disease (HIVICK), thrombotic microangiopathy, and nephrotoxicity caused by ART are the other types of renal damage associated with HIV infection[3]. Although the occurrence of other variants of FSGS except the collapsing variant is increasing[5], the tip variant of FSGS is still a rare kidney disease in HIV infected patients[6]. We report here, a rare case of HIV associated nephrotic syndrome caused by the tip variant of FSGS, which was resolved with corticosteroid therapy.

CASE REPORT
[bookmark: _Hlk512591508]A 60-year-old HIV positive Asian male was treated with ART comprised abacavir, atazanavir, and lamivudine from the early 21th century. He had been HIV RNA negative since September 2010. There were no urinary abnormalities and his serum creatinine (sCr) level was within normal limits (sCr 0.72 mg/dL) in June 2015. However, he developed edema of the lower limbs since the middle of June 2015 and gained 6 kg in 2 wk. No symptoms of heart failure were found during the clinical course. His sCr level increased to 1.0 mg/dL. Atazanavir was changed to dolutegravir at the beginning of July 2015, due to suspicion of atazanavir-induced nephropathy. However, his sCr further increased to 1.99 mg/dL. Hypoalbuminemia (0.8 g/dL) and massive proteinuria (16.96 g/gCr) were seen in late July 2015, for which he was admitted to our institute.
He had no other significant past history except for the HIV infection, and he was on abacavir, lamivudine, and dolutegravir as ART, and azosemid to reduce the edema of lower limbs. Physical examination on admission was as follows: height 166 cm, weight 86.2 kg, body mass index (BMI) 31.3 kg/m2, body temperature 36.3 °C, blood pressure 114/89 mmHg, and regular pulse rate 101 beats /min. Extremities had remarkable pitting edema. Laboratory investigations were shown in Table 1.
A renal biopsy was performed in late July 2015. The light microscopic findings revealed that 34 out of 35 glomeruli showed minor glomerular abnormalities without glomerular hyperfiltration. In addition, neither changes of the glomerular capillaries such as spike formation and bubbling appearance nor glomerular nodular lesions were found. However, one glomerulus showed epithelial hypercellularity at the tubular pole, where a confluence of the tubular cells at the tubular outlet was observed. No collapse of the glomerular tuft was seen. Although diffuse tubular atrophy and interstitial fibrosis were seen, infiltration of inflammatory cells was sparse and microcystic tubular dilatation associated with HIVAN was absent (Figure 1). Immunofluorescent microscopic examination showed the absence of immunoglobulins and complements (data not shown). Electron microscopy revealed a wide range of foot process effacement. No thickness of glomerular basement membrane was observed. Moreover, no tubulo-reticular inclusions in the glomerular endothelium were found and electron-dense deposits (EDDs) were absent (Figure 2). A diagnosis of tip variant of FSGS was made.
Following renal biopsy, corticosteroid therapy (prednisolone 50 mg/d) and angiotensin II receptor blocker (ARB) were administered to reduce the proteinuria. Three weeks later, proteinuria was absent and the levels of sCr and urinary β2-microglobulin decreased from 1.99 mg/dL to 0.99 mg/dL, and 65500 μg/L to 346 μg/L, respectively. Thereafter, the dose of prednisolone was tapered and there was no recurrence of proteinuria (Figure 3).

DISCUSSION
We came across an HIV infected patient on remission with ART, with a tip variant of FSGS, in whom steroid treatment corrected the renal dysfunction and nephrotic-ranged proteinuria.
[bookmark: _Hlk508914861][bookmark: _Hlk512591257]Although it is generally considered that HIV infection of the renal cells and HIV viral proteins play an important role in the occurrence and the progression of HIVAN[3], HIV RNA was negative in this case. HIV patients might develop non-collapsing FSGS, namely FSGS except for HIVAN, even when HIV mRNA levels are negative. Lescure et al[5] reported that FSGS was the leading diagnosis in 21 patients (65% of total, HIVAN: 6 patients, non-collapsing FSGS: 15 patients) of the 32 who underwent a renal biopsy from 2004 to 2007 when ART was a standard therapy for HIVAN. In addition, non-collapsing FSGS accounted for 15 of 26 patients (58%) who underwent renal biopsy for causes other than HIVAN[5]. It is known that black patients often have genetic mutations of APOL1 associated with the development of FSGS[7]. This could have been the reason for a high incidence of non-collapsing FSGS in Lescure et al[5]’s study, because 66% of the included patients were black. However, the incidence of biopsy-proven idiopathic FSGS was reported to be 49% in the black patients[8]. Thus, the prevalence of non-collapsing FSGS in patients with HIV infection seemed to be higher compared to that in black patients without HIV infection. Moreover, the patients with HIV infection might be susceptible not only to HIVAN but also to another variant of FSGS. 
[bookmark: _Hlk512591830]Tip variant of FSGS is a rare kidney disease in HIV infected patients, and Meehan et al . reported that only one patient developed a tip variant among 26 patients of FSGS in a cohort of 46 HIV positive patients[6]. Howie and Breer defined the term glomerular tip lesion (GTL) as hypercellularity at the tubular pole in nephrotic patients for the first time[9]. Since GTLs are observed in some glomerular disorders such as membranous nephropathy, IgA nephropathy, or diabetic nephropathy, it is possible that GTLs are interpreted as nonspecific renal pathological findings[10]. However, since the rate of chronic kidney diseases and end-stage renal failure is higher in patients with GTLs, compared to patients with minimal change nephrotic syndrome, GTLs are considered as a variant of FSGS[11]. However, the tip variant of FSGS exhibits unique characteristics among idiopathic FSGS. Several reports mention that the levels of interstitial fibrosis, global sclerosis, and glomeruli with segmental lesions were lower in the tip variant of FSGS and the rate of complete remission of the nephrotic syndrome is higher than that in not otherwise specified (NOS) variant of FSGS[11]. It is difficult to deny that GTLs were completely caused by other diseases. However, no significant findings except for segmental lesions in one glomerulus were found in the light microscopic findings. The absence of immunoglobulins and complements was seen in immunofluorescent microscopic examination and no thickness of glomerular basement membrane and EDDs were shown in the electron microscopic examination. These exclude GTLs caused by other diseases and confirm the diagnosis of tip variant of FSGS.
Because this patient was remarkably obese (BMI: 31.3 kg/m2), obesity-associated FSGS was suspected as a differential diagnosis. However, this patient’s clinical features were considerably different than those of obesity-associated FSGS based on the following evidences: (1) Although obesity was not improved, urinary protein levels were dramatically decreased by steroid treatment; and (2) Praga et al[12] reported that the levels of proteinuria in obesity-associated FSGS are lower and that the incidences of hypoalbuminemia and edema are less frequent than in patients with idiopathic FSGS. In addition, they indicated that glomerular hyperfiltration is more frequently found in renal biopsy specimens of patients with obesity-associated FSGS than in renal biopsy specimens of patients with idiopathic FSGS. Therefore, this case was unlikely to be of obesity-associated FSGS.
It could not be completely denied that this was a case of a patient with HIV infection and tip variant of FSGS. However, Lescure et al. indicated that HIVAN decreased from 75% in 1995-2000 to 29% in 2004-2007 because of the introduction of ART, and that FSGS other than HIVAN conversely increased from 11.1% in 1995-2000 to 46.9% in the 2004-2007[5]. The incidence of FSGS with HIV infection in both periods is much higher (86.1% in 1995-2000 and 75.9% in 2004-2007) than that of black patients without HIV infection (49%)[8]. Those results indicate that HIV infection is associated with the FSGS pathogenesis with or without adequate quantity of HIV. Additionally, some pathogeneses of kidney diseases such as immunodeficiency and dysregulation of immunoglobulin synthetic responses and T-cell function are increased in HIV infected patients[13]. Probably, corticosteroid therapy corrected the dysregulation of the immune system caused by HIV infection in this tip variant of FSGS. Therefore, the pathogenesis of FSGS without HIV RNA in HIV infected patient who were effectively treated with ART should be clarified.
At first, atazanavir-induced progressive renal insufficiency and nephrotic-ranged proteinuria were suspected. However, these did not improve after the discontinuation of atazanavir. Moreover, to the best of our knowledge, atazanavir-induced tip variant of FSGS has yet to be reported in literature. Therefore, we believe that atazanavir did not cause the massive progressive renal insufficiency and nephrotic-ranged proteinuria.
In this case, the level of urinary β2MG was markedly elevated at the time of admission and rapidly decreased with corticosteroid therapy. Exposure to tenofovir, indinavir, and atazanavir has been reportedly associated with a higher incidence of chronic kidney disease[14], and atazanavir is especially known to potentially cause crystalluria and urolithiasis[15]. In this case, atazanavir was changed to dolutegravir, because atazanavir induced nephropathy was suspected. Fujigaki et al[16] reported proximal tubular injuries in adults with minimal change nephrotic syndrome, probably due to massive proteinuria. As previously described, early discontinuation of atazanavir, as well as early remission of massive proteinuria, might probably have improved the tubulointerstitial damage and rapidly decreased urinary β2MG excretion levels in this case. 
In conclusion, this was a rare case of a patient on remission of HIV who presented with tip variant of FSGS. Since the tip variant of FSGS can occur in HIV patients under remission with ART, a renal biopsy might be essential to determine the renal histology, and to decide on corticosteroid therapy. Further research with a larger sample size of patients is necessary to understand the mechanisms and efficacy of corticosteroid therapy for the tip variant of FSGS in HIV-infected patients.

ARTICLE HIGHLIGHTS
Case characteristics
We reported an human immunodeficiency virus (HIV) infected patient under remission with antiretroviral therapy (ART), who presented with a rare tip variant of focal segmental glomerulosclerosis (FSGS) which resolved with corticosteroid therapy.

Clinical diagnosis
We diagnosed the patient as a case of HIV infection presenting as a tip variant of FSGS.

Differential diagnosis
Whether HIV-associated nephropathy (HIVAN) or other causes of FSGS have to be differentiated, because therapeutic strategies (ART or steroid) are different.

Laboratory diagnosis
Whether HIV RNA levels are positive or negative are important.

Pathological diagnosis
Tip variant of FSGS is needed to diagnose that more than one glomerulus show epithelial hypercellularity at the tubular pole, where a confluence of the tubular cells at the tubular outlet is observed in renal biopsy specimen.

Treatment
Steroid therapy is considered to administer to other causes of FSGS except for HIVAN including tip variant.

Related reports
Lescure et al’s report is important for the readers to understand the changes of HIV-associated kidney glomerular diseases with time and ART.

Term explanation
Tip variant is one of the diagnoses in the Columbia classification of FSGS and is explained as follwosfollows: More than one glomerulus showshows epithelial hypercellularity at the tubular pole, where a confluence of the tubular cells at the tubular outlet is observed in renal biopsy.

Experiences and lessons
When renal damage is caused in HIV-infected patients, a renal biopsy may be essential to determine the renal histology, and to decide on corticosteroid therapy.
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Table 1 Laboratory data at the time of administration
	Hematology
	Blood chemistry
	Immunology
	Urinalysis

	WBC
	7720/L
	Na
	133 mEq/L
	CRP
	0.27 mg/dL 
	Protein 
	11.28 g/24 h

	CD4
	549/L
	K
	4.1 mEq/L
	IgG
	426 mg/dL
	Sugar
	3+

	RBC
	567 x 104/L
	Cl
	106 mEq/L
	IgA
	293 mg/dL
	Occult blood
	3+

	Hb
	18.9 g/dL
	Ca
	7.2 mg/dL
	IgM
	83 mg/dL
	Urinary RBC
	5-9/HPF

	Hct
	53.2%
	Pi
	2.6 mg/dL
	CH50
	48.7 U/mL
	2MG
	65500 g/L

	Plt
	42.5 x 104/L
	BUN
	20.1 mg/dL
	C3 
	159 mg/dL
	NAG
	173.2 IU/L

	
	
	sCr
	1.99 mg/dL
	C4 
	42 mg/dL
	Crystal
	(-)

	
	
	UA
	4.4 mg/dL
	ANA
	40 ×
	
	

	
	
	LDH
	243 IU/L
	MPO-ANCA
	< 1.0 U/mL
	
	

	
	
	AST
	23 IU/L
	PR3-ANCA
	< 1.0 U/mL
	
	

	
	
	ALT
	20 IU/L
	anti-GBM Ab
	< 2.0 U/mL
	
	

	
	
	TP
	3.9 g/dL
	
	
	
	

	
	
	Alb
	0.8 g/dL
	
	
	
	

	
	
	LDL-cho
	418 mg/dL
	
	
	
	

	
	
	BS
	121 mg/dL
	
	
	
	

	
	
	HIV RNA
	(-)
	
	
	
	

	
	
	HBS Ag
	(-)
	
	
	
	

	　
	　
	HCV Ab
	(-)
	　
	　
	　
	　



CD: Cluster of differentiation; BUN: Blood urea nitrogen; sCr: Serum creatinine; UA: Uric acid; LDH: Lactate dehydrogenase; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; LDL-cho: Low-density lipoprotein cholesterol; HIV: Human immunodeficiency virus; HBS Ag: Hepatitis B virus surface antigen; HCV Ab: Hepatitis C virus antibody; CRP: C-reactive protein; CH50: Total complement activity; ANA: Anti-nuclear antibody; MPO-ANCA: Myeloperoxidase-antineutrophil cytoplasmic antibody; PR3-ANCA: Proteinase 3-antineutrophil cytoplasmic antibody; Anti-GBM ab: Anti-glomerular basement membrane antibody; HPF: High power field; 2MG: 2 microglobulin; NAG: N-acetylglucosaminidase.
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Figure 1 The results of light microscopy. A and B: The glomerulus shows epithelial hypercellularity at the tubular pole, where a confluence of the tubular cells at the tubular outlet is observed (arrows). No collapse of the glomerular tufts associated with human immunodeficiency virus-associated nephropathy (HIVAN) is seen ([A: Periodic acid-Schiff stain: Original magnification × 400; B: Periodic acid-methenamine-silver-HE stain: Original magnification × 400)]; C: Diffuse tubular atrophy and interstitial fibrosis are seen. However, infiltration of the inflammatory cells is sparse and microcystic tubular dilatation associated with HIVAN is absent (Masson’s trichrome stain: Original magnification × 100).
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Figure 2 The results of electron microscopy. Electron microscopy reveals a wide range of foot process effacement (arrows). No tubulo-reticular inclusions in the glomerular endothelium are seen and electron-dense deposits are absent (original magnification: × 3000). 
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Figure 3 Clinical course after admission. The solid line with closed circles indicates serum creatinine (sCr) levels, and the dashed line with open circles indicates daily urinary protein (U-Pro) excretion levels. PSL: Prednisolone, U-β2MG; Urinary β2-microglobulin.
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