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Abstract
A 42-year-old Caucasian female with history of neurofibromatosis type 1 presented with nephro-
tic range proteinuria and focal segmental glomerulosclerosis (FSGS). On final dose of lisinopril
20 mg/day, protein–creatinine ratio declined to 0.33 within 10 months. We propose the hypothesis
that development of FSGS in NF1 may be mediated by activation of mitogen-activated protein
kinase (MAPK) and mammalian target of rapamycin (mTOR) signaling pathways secondary to up-
regulation of ras proteins due to deficient neurofibromin. Since mTOR signaling pathway is par-
tially mediated through angiotensin-II activation, angiotensin-converting enzyme (ACE) inhibition
may serve as an effective initial treatment beyond anti-proteinuric properties of ACE-inhibitors.
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Background

Neurofibromatosis type 1 (NF1) is a rare autosomal-domi-
nant genetic disorder. Association of NF1 with focal seg-
mental glomerulosclerosis (FSGS) is quite rare. In this
report, we present clinical course of a patient with NF1
and FSGS and propose the molecular pathways explain-
ing the association between these two entities.

Clinical report

A 42-year-old Caucasian female with a history of clini-
cally diagnosed NF and migraine headache was referred
for evaluation of nephrotic range proteinuria associated
with pitting leg edema diagnosed 6 months earlier in De-
cember 2010. At that time, her protein–creatinine ratio
was >11. In her first clinic visit, we found her to be
asymptomatic. Her medications started with enalapril
2.5 mg/day, potassium chloride 20 meq/day and bumeta-
nide 1 mg/day at the time of diagnosis of nephrotic syn-
drome. Her family history was remarkable for NF in her
maternal grandmother, mother and her daughter;
however, there was no known family history of proteinur-
ia or kidney disease. She denied history of smoking,
alcohol or drug abuse. On physical examination, sitting
blood pressure was 136/76 mmHg, pulse rate 95–108,
temperature 36.4°C and weight was 66 kg. She was alert,
awake and without any response delay. Examination of
her heart, lungs and abdomen was unremarkable. She

had multiple neurofibromas in chest, abdomen and pos-
terior trunk. She also had multiple café-au-lait spots. Her
labs showed sodium 141 mmol/L, potassium 4.1 mmol/L,
chloride 113 mmol/L, HCO3

− 27 mmol/L, blood urea nitro-
gen (BUN) 5.0 mmol/L (14 mg/dL), creatinine 44.3 µmol/L
(0.5 mg/dL), random plasma glucose 3.9 mmol/L (70 mg/
dL), calcium 2.1 mmol/L (8.5 mg/dL), phosphorous 1
mmol/L (3 mg/dL), albumin 25 g/L (2.5 g/dL), ANA titer 1/
80, C3 1.19 g/L [119 mg/dL (reference range 83–240)], C4
0.17 g/L [17 mg/dL (reference range 13–60)], hepatitis
panel negative, white blood count 5.4 × 103/mm3, hemo-
globin 134 g/L (13.4 g/dL) and platelet count 291 × 109/L.
Serum protein electrophoresis showed hypoalbuminemia.
In urinalysis, there was trace blood without any dys-
morphic red blood cells, and protein–creatinine ratio was
7.2. Urinary protein electrophoresis showed a combined
glomerular and tubular proteinuria. DNA analysis con-
firmed a heterozygous truncating mutation in NF1 gene
on chromosome 17. All eight exones of NPHS2 gene were
negative for podocin mutation. In ultrasonography,
kidney size was 10.7 cm in right and 10.6 cm in left side,
with normal-appearing cortex and echogenicity.
On kidney biopsy, small portions of juxtamedullary

cortex were examined. Nine glomeruli without obsoles-
cence were present. There were no crescents but there
were two synechia. These glomeruli had segmental col-
lapse associated with the adhesions to Bowman’s
capsule (Figure 1). There were two tip lesions. The overall
glomerular size and cellularity was normal. The periph-
eral vascular loops were patent without fibrin, platelet or
hyaline within the thrombi. The capillary loops had a
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normal thickness without apparent deposits. The mesan-
gium was not expanded except in those areas adherent
to Bowman’s capsule. There was diffuse mild interstitial
fibrosis with tubular atrophy (IFTA) without any signifi-
cant tubular injury or acute interstitial infiltrate. The ar-
terioles showed mild fibrous intimal thickening. There
was a 2 to 3+ staining of granular mesangial deposition
of IgM in a segmental distribution in the majority of glo-
meruli and a 3+ staining of granular deposition of C3 co-
distributed with IgM and also present in arteriolar walls.
Similarly, there was a 2+ staining of granular mesangial
deposition of kappa and lambda light chains in a distri-
bution similar to IgM. On electron microscopy, the visc-
eral epithelial cells show confluent foot process
effacement and prominent pseudovillus transformation
(Figure 2). There were rare loops with duplication of
lamina densa and entrapped cell detritus but no intra-
membranous, subendothelial or epithelial electron dense
deposits are present. The mesangium is mildly expanded
with mesangial matrix which entraps cell debris and
scant proteinaceous material. No immune type deposits
were identified. Overall these findings are consistent with
primary FSGS. No other renal abnormality was identified.
On her initial clinic visit, enalapril was changed to lisino-
pril with gradual titration to a final dose of 20 mg/day.
After 10 months she had a gradual decrease of protein–
creatinine ratio to 0.33.

Discussion

The first case of FSGS in association with NF1 was re-
ported by Gersch and Taylor in 2006 [1]. They reported a
22 year-old male with diagnosis of NF1 who presented
with serum creatinine of 300.6 µmol/L (3.4 mg/dL), and a
urinary protein excretion of 6 g in 24 h. Kidney biopsy
showed advanced FSGS and therefore no specific treat-
ment was recommended. Tarrass reported a 58-year-old
male with past medical history of NF who presented with
serum creatinine of 572 µmol/L (6.5 mg/dL) [2]. Similarly,

kidney biopsy showed FSGS with severe IFTA. To our
knowledge, our patient is the third case of NF1 being re-
ported in association with FSGS.

Neurofibromatosis is most commonly associated with
renal artery stenosis and seen in a few case reports of
membranous and IgA nephropathy [3–8]. The NF1 gene
is mapped on pericentromeric region of chromosome
17q11.2 [9]. The product of NF1 gene is neurofibromin, a
2818 amino acid protein with an estimated weight of
327 kDa [10]. Neurobibromin is widely expressed in many
tissues including the kidney [11, 12]. It is homologous to
various members of GTPase-activating protein (GAP)
superfamily, including mammalian GAP [13, 14]. All GAP-
like proteins are capable of down-regulating the ras
protein activities, including the activity of p21-ras proto-
oncogene. The p21-ras protein binds to guanine nucleo-
tides, possesses intrinsic GTPase activity and functions as
an important regulator of cell growth [15, 16]. Under
normal physiologic conditions, neurofibromin functions
as a downregulator of p21-ras protein. In neurofibroma-
tosis type 1, mutation in NF1 leads to deficiency or dimin-
ished activity of neurofibromin resulting in overactivity of
p21-ras protein [17]. Other than oncogenic properties,
the upregulation of ras also induces activation of stem
cell factor (SCF)/c-kit, mammalian target of rapamycin
(mTOR) and mitogen-activated protein kinase (MAPK) sig-
naling pathways [18, 19].

mTOR complex-1 (mTORC1) is a regulator of cell growth
by maintaining balance between anabolic and catabolic
cell processes. Ito et al. showed that activation of
mTORC1 induced unfolded protein response activation
and altered localization of nephrin in podocyte leading to
proteinuria in a minimal change disease rat model poss-
ibly through a series of energy-consuming mechanisms
which include stimulation of initiation and elongation
phase of mRNA translation, increased cell-cycle pro-
gression, selective enhancement in gene transcription
and increased ribosome [20]. In another study, Godel
et al. have shown that loss of mTORC1 results in progress-
ive glomerulosclerosis which can further be aggregated

Fig. 1. Periodic acid Schiff staining show mesangial expansion adjacent to
adhesion to Bowman’s capsule, synechia and segmental collapse.

Fig. 2. Electron microscopy shows confluent foot process effacement and
prominent pseudovillus transformation.
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by additional deletion of mTORC2, while significant acti-
vation of mTORC1 subsequent to induction of diabetes
was associated with subsequent hypertrophy of podo-
cyte, foot process effacement and eventual detachment
from glomerular basement membrane, suggesting a
major role for mTOR signaling in podocyte homeostasis
[21]. In models of puromycin aminonucleoside (PAN) and
mouse adriamycin (ADR) nephropathy, Koshikawa et al.
showed enhanced phosphorylation of p38 MAPK in glo-
meruli in the first week of insult preceding proteinuria, and
marked suppression of podocyte injury and proteinuria
upon inhibition of p38 MAPK [22]. They also showed en-
hanced phosphorylation of p38 MAPK in clinical nephrotic
syndrome, all together suggestive of an upstream role for
p38 MAPK activation for development of proteinuria.

To understand the role of NF1 gene in normal develop-
ment, Brannan et al. have created mice models that carry
a null mutation at Nf1 locus induced via homologous re-
combination in embryonic stem cells [23]. Examination of
visceral organs showed that the mutant embryos had an
18- to 24-h developmental delay in renal, hepatic and
musculoskeletal system. Renal developmental delay was
also associated with retardation in cephalad repositioning
of the metanephros, and reduced number of glomeruli.

We have not measured activity of MAPK or mTOR path-
ways in the glomeruli or in podocytes in our patient, as
determination of the relative activity of the pathways re-
quires comparison with standard controls. The occur-
rence of FSGS with NF in our reported patient may also be
a coincidence as we have not performed any linkage
investigation. However, to explain the association beyond
a mere coincidence, we propose the hypothesis that
mechanisms for development of FSGS and nephrotic
range proteinuria in NF1 may include activation of MAPK,
and mTOR signaling pathways secondary to upregulation
of ras proteins due to deficient neurofibromin, in associ-
ation with possible reduced nephron numbers and develop-
mental delay of the kidney. In our reported patient, among
the entire panel of familial causes of FSGS, we tested only
NPHS2 gene and ruled out podocin mutation and, there-
fore, the possibility of the presence of other familial causes
of FSGS is not entirely ruled out. It is unclear why not all
patients with NF1 develop proteinuria and FSGS, but few
explanations may be variation in point of mutation in NF
gene, variation in nephron numbers, requirement for a
second hit and interaction with environmental risk factors.
mTOR signaling pathway is partially mediated through an-
giotensin-II activation [24] and therefore angiotensin-con-
verting enzyme inhibition may serve as an effective initial
treatment beyond class associated anti-proteinuric and
anti-fibrotic properties of ACE-inhibitors.
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