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Biopsy-proven Chronic Tubulointerstitial 
Nephritis and a Rare REN Variant, with 

Coincident Drug-related Erythrocytosis:  
A Case Report

CASE REPORT
A 23-year-old man presented with a six-month history of frothy urine, 
associated with headache, anorexia and intermittent vomiting. There 
was no haematuria, oedema, fever, arthralgia or use of analgesics or 
non-steroidal anti-inflammatory drugs, and his past medical history 
was otherwise unremarkable. On specific enquiry about habits, 
he reported having taken oral tablets and injectable testosterone-
boosting agents, probably anabolic-androgenic steroids of unknown 
identity and dose, for six to twelve months about two years before 
presentation and had since discontinued them. He was born of a 
consanguineous marriage, his mother being his father’s sister’s 
daughter, and there was no reported family history of kidney disease. 
the consanguineous pedigree is shown in [Table/Fig-1].

On general examination, there was no pallor, plethora, 
hepatosplenomegaly or oedema, and the blood pressure was 
150/80 mmHg. Systemic examination, including cardiovascular, 
respiratory and abdominal examination, was unremarkable.

The combination of young-onset renal impairment with an incidentally 
noted absolute erythrocytosis suggested two parallel problems, and 
these were investigated together. At an earlier hospital he had been 
found to have mildly impaired renal function (serum creatinine 1.9 to 2.0 
mg/dL), hyperuricaemia (7.3 mg/dL) and proteinuria, with an incidental 
absolute erythrocytosis; renal biopsy had been deferred because of the 
erythrocytosis and its attendant bleeding risk, and he had been referred 
on an angiotensin-receptor blocker and urate-lowering therapy. At the 
reporting institute the haemoglobin peaked at 20.1 g/dL with a packed-
cell volume of 60.1% [Table/Fig-2]. The erythrocytosis was JAK2 
V617F- and exon-12-negative, with a normal, non-suppressed serum 
erythropoietin (13.3 mIU/mL), normal peripheral oxygen saturation and 

normal white-cell and platelet counts, indicating a secondary process 
[Table/Fig-3]. Renal assessment showed an estimated glomerular 
filtration rate of 47 to 54 mL/min/1.73 m2 (CKD stage G3a), sub-
nephrotic proteinuria (urine protein-creatinine ratio 0.84 g/g; 24-hour 
urinary protein 949 mg), an inactive urinary sediment and a negative 
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ABSTRACT
Chronic Kidney Disease (CKD) in a young adult with a bland urinary sediment should prompt consideration of a monogenic 
tubulointerstitial disorder. Autosomal Dominant Tubulointerstitial Kidney Disease (ADTKD) is an under-recognised genetic cause, 
and in ADTKD due to REN the phenotype depends on where the variant lies in preprorenin. This report describes a 23-year-old 
man with six months of frothy urine who had young-onset CKD (estimated glomerular filtration rate 47-54 mL/min/1.73 m²) with 
sub-nephrotic proteinuria, hyperuricaemia and a negative immunological screen. He also had absolute erythrocytosis (haemoglobin 
20.1 g/dL, packed-cell volume 60.1%) that was JAK2 V617F- and exon-12-negative with a normal erythropoietin and normal 
oxygen saturation, attributed to prior anabolic-androgenic (“testosterone-boosting”) agents and resolving after a single therapeutic 
venesection and cessation. Renal biopsy showed chronic tubulointerstitial nephritis with negative immunofluorescence, and 
whole-exome sequencing identified a heterozygous REN variant, c.708A>T (p.Gln236His), in the mature-renin domain - a region 
associated with later onset and absence of the anaemia that characterises signal-peptide variants. The variant is currently of 
uncertain significance and family segregation is advised. The case illustrates genotype-phenotype nuance in ADTKD-REN and the 
value of separating two coincident haematological and renal processes.

[Table/Fig-1]:	 Family pedigree. The proband (arrow, filled square) is a 23-year-old 
man born of a consanguineous marriage - his mother is his father’s sister’s daugh-
ter (double line denotes the consanguineous union).
Square, male; circle, female; filled symbol, affected proband.
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The differential diagnosis for the renal disease included a monogenic 
tubulointerstitial disorder and chronic interstitial nephritis of other 
cause, a glomerulopathy being thought unlikely given the bland 
sediment, while that for the erythrocytosis included polycythaemia 
vera, hypoxic and erythropoietin-driven secondary causes, and 
androgen-related erythrocytosis. After a single 450 mL therapeutic 
venesection, ultrasound-guided renal biopsy showed chronic 
tubulointerstitial nephritis, with tubular atrophy and interstitial 
fibrosis each involving approximately 50% of the sampled cortex, a 
lymphoplasmacytic infiltrate, ischaemic and obsolescent glomeruli 
and negative immunofluorescence [Table/Fig-6]. Whole-exome 
sequencing identified a heterozygous REN variant, exon 7 c.708A>T 
(p.Gln236His), lying in the mature-renin domain, classified as a 
variant of uncertain significance and associated with ADTKD type 
4 [Table/Fig-7]. The final diagnosis was biopsy-proven chronic 
tubulointerstitial nephritis with a rare mature-domain REN variant 
(ADTKD-REN), together with a coincident, drug-related secondary 
erythrocytosis attributable to prior anabolic-androgenic agents.

Molecular characterisation showed that the variant corresponds to 
chr1:g.204156787T>A (NM_000537.4); it is absent from the 1000 
Genomes, gnomAD v2.1 and v3.1, and TOPMed databases, has a 
minor allele frequency of 0.007% in an internal South Asian database, 
and lies at a codon conserved across species, and no clinically 
significant copy-number variants were detected. Under the ACMG 
framework the variant meets only the PM2 (moderate) criterion and 
is therefore reported as a variant of uncertain significance, for which 
parental and family segregation testing is recommended. 

Management addressed both problems. The erythrocytosis 
was treated with a single 450 mL venesection and by ensuring 
continued avoidance of androgenic agents, and the haemoglobin 
and packed-cell volume normalised over the following weeks 
[Table/Fig-2]. Although the androgens had been stopped about two 
years earlier, the erythrocytosis had persisted until presentation; 
this is consistent with an androgen-induced upward resetting of the 
haemoglobin set-point, mediated by increased erythropoietin and 
suppressed hepcidin, which corrects only slowly, and the prompt 
resolution after venesection and continued abstinence supported a 
secondary, reversible process rather than polycythaemia vera. For 
the renal disease he continued an angiotensin-receptor blocker, oral 

immunological and viral screen [Table/Fig-3]. Ultrasonography showed 
normal-sized kidneys with increased cortical echogenicity, and the 
echocardiogram was normal [Table/Fig-4,5].

[Table/Fig-2]:	 Disease course: (a) Haemoglobin and packed-cell volume; (b) Se-
rum creatinine. In both panels the horizontal axis represents time across the serial 
measurements of the clinical course, in chronological order from presentation.
Numerical data underlying the graphs — Haemoglobin (g/dL): 18.4, 18.5, 20.1 (peak), 17.0, 17.1, 
16.1, 15.2, 14.8, 14.4, 15.9. Packed-cell volume (%): 56.6, 53.9, 60.1, 52.0, 49.3, 46.3, 44.3, 43.5, 
42.4, 45.3. Serum creatinine (mg/dL): 1.9, 1.9, 2.0, 2.0, 2.2, 2.1, 2.1, 1.9, 1.8, 1.9 (range 1.8-2.2).

Investigation Result Reference/interpretation

Erythrocytosis work-up

Haemoglobin/packed-cell 
volume (peak)

20.1 g/dL/60.1% Absolute erythrocytosis

JAK2 V617F mutation Not detected
Argues against 

polycythaemia vera

JAK2 exon-12 mutation Not detected
Argues against JAK2-exon-

12 polycythaemia vera

Serum erythropoietin 13.3 mIU/mL
4.3-29.0; normal (not 

suppressed) - secondary

Peripheral oxygen 
saturation

Normal
Against hypoxic 

secondary erythrocytosis

White-cell / platelet counts
Normal (isolated 
erythrocytosis)

Against a 
myeloproliferative disorder

Renal and metabolic

Serum creatinine (range) 1.8-2.2 mg/dL
0.7-1.2; eGFR 47-54 mL/
min/1.73 m² (CKD G3a)

Uric acid
7.3 → 3.95 mg/dL (on 

febuxostat)
3.4-7.2; initial 

hyperuricaemia

Serum electrolytes
Na 138-140/K 3.5-4.4/

HCO3 24-28
Within/near reference 

range

Total / indirect bilirubin 3.21/2.48 mg/dL
Unconjugated 

hyperbilirubinaemia 
(incidental)

Urinalysis/proteinuria

Urine protein-creatinine ratio 0.84 g/g <0.2; sub-nephrotic

24-hour urine protein 949 mg/day <150; sub-nephrotic

Urine microscopy
Inactive (no dysmorphic 

RBC/RBC casts)
Bland sediment

Immuno-serology

ANA/ANCA (MPO, PR3) Negative/Negative
Against autoimmune/

vasculitic disease

Anti-PLA2R antibody Negative
Against primary 

membranous nephropathy

Complement C3 / C4 128/32 mg/dL Normal

HIV/HBsAg / HCV Non-reactive -

[Table/Fig-3]:	 Laboratory investigations and results (erythrocytosis work-up, renal-
metabolic panel, urinalysis and immuno-serology).
eGFR: Estimated glomerular filtration rate; CKD: Chronic kidney disease; ANA: Antinuclear 
antibody; ANCA: Antineutrophil cytoplasmic antibody; MPO: Myeloperoxidase; PR3: Proteinase-3; 
anti-PLA2R = Anti-phospholipase-A2-receptor antibody; RBC: Red blood cell. Reference ranges 
are those of the performing clinical laboratory; the erythrocytosis and renal results were interpreted 
using standard diagnostic frameworks [11,13].

Modality Findings

Imaging

Ultrasound kidneys
Normal-sized kidneys (approximately 8-10.7 cm) 
with increased cortical echogenicity and preserved 
corticomedullary differentiation.

Echocardiogram Structurally normal; ejection fraction 62%.

Micturating 
cystourethrogram/
CT-KUB

No vesicoureteric reflux; small right pelvic phlebolith; 
post-biopsy perinephric changes; incidental 
emphysematous cystitis.

Renal biopsy (light microscopy + immunofluorescence)

Glomeruli
Seven sampled; 3 globally sclerosed; remainder with mesangial 
matrix expansion; no endo-/extra-capillary hypercellularity.

Tubulo-interstitium
Tubular atrophy approximately 50%; interstitial fibrosis 
approximately 50% with lymphoplasmacytic infiltrate; 
hyaline casts.

Vessels/
immunofluorescence

Medial hypertrophy with myxoid intimal change; 
immunofluorescence negative for all conjugates.

Impression Chronic tubulointerstitial nephritis.

Genetics (whole-exome sequencing)

Gene/variant
REN (NM_000537.4), exon 7: c.708A>T, p.(Gln236His), 
heterozygous - mature-renin domain.

Classification/
disease

Variant of uncertain significance (ACMG); Autosomal 
Dominant Tubulointerstitial Kidney Disease (ADTKD) type 4.

Recommendation Family segregation testing (advised; pending).

[Table/Fig-4]:	 Structural imaging, renal histopathology and genetic findings.
CT-KUB: Computed tomography of the kidneys, ureters and bladder; ACMG: American College 
of Medical Genetics and Genomics
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[Table/Fig-6]:	 Renal biopsy: a) Low-power (×100) haematoxylin and eosin (H&E): 
tubular injury with tubular atrophy and interstitial fibrosis; b) H&E, 400x: tubulitis and 
tubular epithelial injury; c) H&E, 400x: interstitial inflammatory infiltrate; d) Masson 
trichrome, 200x: confirms interstitial fibrosis (blue). Together the findings are those 
of an immunofluorescence-negative chronic tubulointerstitial nephritis.

[Table/Fig-7]:	 De-identified whole-exome sequencing report.

[Table/Fig-5]:	 Supporting imaging (de-identified): a) Ultrasonography of both kidneys; b) Axial computed tomography of the kidneys, ureters and bladder (CT KUB) show-
ing both kidneys; c) Axial CT KUB showing the urinary bladder; d) Coronal CT KUB showing both kidneys; e) Coronal CT KUB showing the urinary bladder; f) Transthoracic 
echocardiography, parasternal long-axis view; g) Parasternal short-axis view; h) Apical four-chamber view.

alkali, urate-lowering therapy with febuxostat and a sodium-glucose 
co-transporter-2 inhibitor. At follow-up the renal function remained 
mildly and stably impaired (serum creatinine 1.8 to 2.2 mg/dL) and 
the uric acid normalised to 3.95 mg/dL on febuxostat, while the 
haematological values remained normal. Family segregation testing 
was advised to clarify the significance of the REN variant but has not 
yet been performed. Incidental findings were unconjugated (Gilbert-
type) hyperbilirubinaemia and a transient emphysematous cystitis 
after cystourethrography, which resolved with antibiotics.

DISCUSSION
The CKD in an adolescent or young adult with a bland urinary sediment 
and normal-sized or small kidneys should raise the possibility of a 
monogenic tubulointerstitial disorder rather than a glomerulopathy 
[1]. ADTKD, caused by variants in UMOD, MUC1, HNF1B, REN and 
SEC61A1, is an under-diagnosed group characterised by tubular 
atrophy, interstitial fibrosis and slow, familial progression to kidney 
failure [1-4]. In ADTKD-REN the phenotype depends on where the 
variant lies in preprorenin: signal-peptide variants present earliest 
and with near-universal childhood anaemia, whereas prosegment 
and mature-domain variants present later and with progressively 
less anaemia [5,6]. Erythrocytosis is not a described feature [7]. In 
accordance with the CARE guidelines [8], this report describes a 
young man with biopsy-proven chronic tubulointerstitial nephritis, 
a rare mature-domain REN variant and a coincident, drug-related 
erythrocytosis.

This young man had two initially puzzling problems with distinct 
mechanisms: young-onset chronic tubulointerstitial nephritis 
harbouring a rare REN variant, and an absolute erythrocytosis of 
secondary, drug-related origin. Disentangling the two is the central 
lesson of the case.

REN encodes preprorenin, processed through a signal peptide, 
a prosegment and the mature-renin peptide; the position of 
a variant governs both the mechanism of injury and the clinical 
phenotype [5,6]. Signal-peptide variants misdirect preprorenin and 
cause the most severe, earliest-onset disease with near-universal 
childhood anaemia, whereas prosegment and mature-domain 
variants cause endoplasmic-reticulum retention of (pro)renin with 
later, milder disease and less anaemia [5,6]. In the largest cohort, 
childhood anaemia occurred in 91% of signal-peptide, 69% of 
prosegment and none of the mature-domain patients, who also 
presented oldest [6]. The patient’s p.Gln236His lies in the mature-
renin domain, and his complete lack of the disease-defining 
anaemia is exactly what that correlation predicts - contrasting with 
signal-peptide cases in whom anaemia is an early clue [9] and 
mirroring the first mature-protein REN family, who had adult onset 
and normal haemoglobin [10]. The immunofluorescence-negative 
chronic tubulointerstitial nephritis, bland sediment, sub-nephrotic 
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proteinuria and hyperuricaemia are all in keeping with ADTKD [1,2]. 
[Table/Fig-8] compares the case with the reference phenotype and 
reported cases. Similar cases in the literature support this domain-
based interpretation: Clissold RL et al., described a signal-peptide 
REN mutation presenting with early anaemia after decades of renal 
disease [9], whereas Schaeffer C et al., reported the first mature-
protein REN family with adult onset and normal haemoglobin [10], 
and the international REN cohort of Zivna M et al., established 
that mutation location defines distinct clinical subtypes [6]. The 
patient’s mature-domain variant and absence of anaemia fit this 
pattern, and the comparison is summarised in [Table/Fig-8].

met only the ACMG PM2 criterion (absence from population 
databases), and without functional or family-segregation evidence 
its classification remains uncertain.

The REN variant remains of uncertain significance; family segregation 
is pending and functional studies were not performed. Serum/urine 
protein electrophoresis, free light chains, an arterial blood gas and 
bone-marrow examination were not undertaken; however, a normal 
oxygen saturation, a normal non-suppressed erythropoietin, isolated 
erythrocytosis and a clear reversible cause make polycythaemia 
vera and hypoxic/paraneoplastic causes unlikely. Follow-up is short. 
It is emphasised that this report describes the identification of a 
rare REN variant of uncertain significance, not proof of causation. 
Family segregation testing, parental and sibling renal-function data, 
a functional assay, and detailed population-frequency, in-silico and 
conservation data with formal ACMG criteria are not available, and 
the negative family history somewhat weakens the case, although 
incomplete penetrance, unrecognised disease, young untested 
relatives or unavailable testing may explain it. The variant should 
therefore be interpreted together with the phenotype and with family 
segregation before it is used to guide counselling [14].

CONCLUSION(S)
A rare mature-domain REN variant was identified in a young man with 
biopsy-proven chronic tubulointerstitial nephritis whose phenotype- 
young-onset CKD, hyperuricaemia, a bland sediment and, 
characteristic of a mature-domain variant, no anaemia - fits ADTKD-
REN, while a coincident erythrocytosis was independently explained 
by prior anabolic-androgen use and reversed with venesection and 
cessation. Genetic evaluation should be considered early in young 
onset tubulointerstitial CKD, and a variant of uncertain significance 
interpreted with family segregation.
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Feature
Signal-peptide 

(classic)

Reported 
mature-domain 

case Present case

Reference
Zivna M et al., 

2009 [5]; Clissold 
RL et al., 2017 [9]

Schaeffer C et 
al., 2019 [10]

This report

REN variant / 
domain

Signal peptide 
(e.g., p.Leu16del; 

p.Trp17Arg)

Mature protein 
(p.Leu381Pro)

Mature protein 
(p.Gln236His), exon 7

Age at 
presentation

Childhood/
adolescence 

(~20 y)

Adulthood (50-
65 y)

23 years

Anaemia
Present, early, 

disproportionate
Absent

Absent (instead 
erythrocytosis, drug-

related)

Hyperuricaemia/ 
gout

Characteristic Present
Present (uric acid 7.3 

mg/dL)

Urinary 
sediment /
proteinuria

Bland/mild Bland/mild
Bland/sub-nephrotic 

(uPCR 0.84)

Histology
Chronic 

tubulointerstitial 
nephritis

Chronic 
tubulointerstitial 

nephritis

Chronic 
tubulointerstitial 

nephritis, IF-negative

Variant 
classification

Pathogenic
Likely 

pathogenic
Uncertain significance 
(segregation pending)

[Table/Fig-8]:	 The present case compared with the characteristic ADTKD-REN 
phenotype and representative reported cases. 
REN: Renin gene; IF: Immunofluorescence; uPCR: Urine protein-creatinine ratio.

The erythrocytosis required a separate explanation, as it is not part 
of ADTKD-REN [7]. A myeloproliferative disorder was excluded 
(JAK2 V617F/exon-12 negative; isolated erythrocytosis), while 
a normal, non-suppressed erythropoietin and normal oxygen 
saturation argued against polycythaemia vera and hypoxic or 
erythropoietin-driven causes, consistent with standard algorithms 
[11]. Prior anabolic-androgenic “testosterone-boosting” use is the 
most parsimonious cause: androgens raise the haemoglobin set-
point by increasing erythropoietin and suppressing hepcidin, with a 
normal rather than suppressed erythropoietin being the expected 
signature [12]. Accordingly, the values normalised after a single 
venesection and cessation [Table/Fig-1] - a reversible, secondary 
course rather than polycythaemia vera. The two processes were 
coincident, not causally linked. A JAK2-negative (secondary) 
erythrocytosis of this kind, including androgen-related causes, 
is best approached with the current diagnostic framework for 
unmutated erythrocytosis [13].

Several practical lessons follow. Young-onset CKD with a bland 
sediment and immune-negative tubulointerstitial histology should 
trigger genetic evaluation for ADTKD, which is frequently missed 
[1,2]. Absence of anaemia does not exclude ADTKD-REN - mature-
domain variants spare the erythron [6,10] - so a normal or even 
elevated haemoglobin should not deter testing when the renal 
phenotype fits. A variant of uncertain significance must be interpreted 
with phenotype and family segregation before it drives counselling 
[14]; this report therefore describes the identification of a rare REN 
variant, not proof of causation. Finally, unexplained erythrocytosis 
in a young man warrants a secondary work-up that explicitly asks 
about androgen and performance-enhancing agents. The variant 
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