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Nephronophthisis and Retinitis Pigmentosa (Senior-Loken
Syndrome) After Living-Donor Kidney Transplantation:
Twelve-Year Follow-Up in a Young Woman
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Abstract

Senior-Loken syndrome is a hereditary ciliopathy with recessive trait
that manifests as nephronophthisis and retinitis pigmentosa. This report
described an 18-year-old woman who was referred to a University Hos-
pital to set up a treatment plan for chronic renal failure of an unknown
cause. She had experienced nocturnal polyurea from the age of 12 years
and was found to have an elevated level of serum creatinine at 3 mg/
dL at the age of 15 years. She underwent renal biopsy at a hometown
regional hospital which showed global glomerulosclerosis in six of the
13 glomeruli examined, renal tubular dilation in irregular shape, and
marked interstitial fibrosis with lymphocytic infiltration. At the age
of 19 years, she received a living-donor kidney transplant from her
46-year-old father as a preemptive therapy. At surgery, biopsy of the fa-
ther’s donor kidney showed two glomeruli with global sclerosis out of
24 glomeruli examined, in association with minimal interstitial fibrosis
and lymphocytic infiltration. She began to have extended-release tac-
rolimus 4 mg daily and mycophenolate mofetil 1,000 mg daily. Accord-
ing to the standard protocol, she underwent biopsy of the transplanted
donor kidney to reveal interstitial fibrosis and lymphocytic infiltration,
in addition to no sign of rejection and no glomerular deposition of im-
munoglobulins and complements, both 4 weeks and 14 months after the
kidney transplantation. At the age of 23 years, 4 years after the kidney
transplantation, she was, for the first time, diagnosed retinitis pigmen-
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tosa, and hence, Senior-Loken syndrome. She was followed up in the
stable condition with basal doses of tacrolimus 5 mg daily, mycopheno-
late mofetil 1,000 mg daily, and prednisolone 5 mg daily up until now
in 12 years after the kidney transplantation. The interstitial fibrosis with
lymphocytic infiltration in the donor kidney might be a milder presen-
tation of the disease with recessive inheritance.

Keywords: Retinitis pigmentosa; Nephronophthisis; Senior-Loken
syndrome; Kidney transplantation; Living donor; Kidney biopsy; Pa-
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Introduction

Retinitis pigmentosa is a hereditary disease that shows varying
degrees of retinal dystrophy usually with a symptom of night
blindness [1]. The visual field constriction, often in the form
of concentric narrowing in both eyes, is caused by the differ-
ent extent of retinal involvement with dystrophy, and the speed
of deterioration in dystrophy varies largely from individual to
individual. Retinitis pigmentosa which occurs in association
with other systemic diseases is designated as syndromic retinitis
pigmentosa [2]. Major underlying causes for syndromic retinitis
pigmentosa belong to so-called ciliopathies which are attributed
to abnormal function or structure of primary cilia of cells. Retinal
photoreceptor cells consist of inner segments with cell bodies and
outer segments with disc membranes, both of which are joined
by connecting cilia as classified as primary cilia. Well-known en-
tities of syndromic retinitis pigmentosa as ciliopathies are Usher
syndrome which shows hearing disturbance and Bardet-Biedl
syndrome which manifests hypogonadism and obesity [2].
Ciliopathies also occur in the kidney since renal tubular
epithelial cells have primary cilia [3]. Two major types of
ciliopathies in the kidney are polycystic kidney disease and
nephronophthisis. Polycystic kidney disease shows a dominant
or recessive trait [3, 4]. In contrast, nephronophthisis is a re-
cessive disease with mutations in genes designated as series
of NPHP or nephrocystins to cause end-stage renal disease in
children, juveniles, and adolescents [5, 6]. Nephronophthisis
that is associated with retinitis pigmentosa is called Senior-
Loken syndrome [7, 8]. In this study, we presented a young
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Figure 1. Kidney biopsy at the age of 15 years. Two microscopic photographs (a, b) with color-faded Masson trichrome staining,
showing diffuse interstitial fibrosis with lymphocytic infiltration, and renal tubular atrophy with irregular dilation. Scale bar = 100 pm.

woman who developed chronic renal failure and received a
living-donor kidney transplant from her father as a preemp-
tive therapy. She was diagnosed as retinitis pigmentosa 4 years
later, and hence was designated as Senior-Loken syndrome.

Case Report

An 18-year-old woman was referred to a University Hospital
to set up a treatment plan for chronic renal failure since she
moved to this city from her hometown to enter a college. She

had experienced nocturnal polyurea and had been taking oral
iron preparation from the age of 12 years. At 15 years old, she
developed low-grade fever after an overseas travel to attend
a summer school and was found to have an elevated level of
serum creatinine at 3 mg/dL at a hometown regional hospi-
tal. She underwent renal biopsy at 16 years old in that hospi-
tal: of the 13 glomeruli examined, approximately half (6/13)
showed global sclerosis, and one-quarter (3/13) showed atu-
bular glomeruli. Severe interstitial fibrosis and tubular atrophy
with irregular dilation were observed, along with focal cellular
infiltration (Fig. 1a, b). A definite pathological diagnosis was
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Table 1. Blood Examinations at the Initial Visit and at the Latest Visit, 12 Years Later

Normal range

At initial visit 12 years later

Red blood cells (x 10%/uL) 3.86 -4.92
Platelets (x 103/uL) 158 - 348
White blood cells (x 103/uL) 3.30 - 8.60
Neutrophils (%) 40.0 - 70.0
Lymphocytes (%) 16.5-49.5
Monocytes (%) 2.0-10.0
Eosinophils (%) 0.0-8.5
Basophils (%) 0.0-2.5
Hemoglobin (g/dL) 11.6 - 14.8
Hematocrit (%) 35.1-444
Total protein (g/dL) 6.6 - 8.1
Albumin (g/dL) 4.1-5.1
LDH (U/L) 124 - 222
ALP (U/L) 110 - 360
AST (U/L) 13-30
ALT (U/L) 7-23
v-GT (U/L) 9-32
CK (U/L) 41- 153
Amylase (U/L) 44 -132
Total bilirubin (mg/dL) 0.40 - 1.50
Urea nitrogen (mg/dL) 8.0-20.0
Creatinine (mg/dL) 0.46 - 0.79
eGFR (mL/min/1.73 m?) 60 or greater
Uric acid (mg/dL) 2.6-55
Triglyceride (mg/dL) 30-117
HDL-cholesterol (mg/dL) 41 -100
LDL-cholesterol (mg/dL) 65 - 163
Postprandial blood glucose (mg/dL) <140
CRP (mg/dL) 0.00-0.14
Sodium 138 - 145
Potassium 3.6-48
Chloride 101 - 108

3.43 431
240 199
7.43 10.01
86.5 54.0
10.7 39.7
2.0 4.9
0.4 1.0
0.5 0.4
10.6 12.8
32.0 40.1
7.0 6.9
4.6 4.0
228 172
192 142
15 14
7 8
13 16
57 52
167 76
0.57 1.13
515 14.7
5.14 0.94
10.4 573
9.0 4.8
81 150
66 n.d.
98 126
113 105
0.09 1.17
142 141
3.1 3.2
105 104

ALP: alkaline phosphatase; ALT: alanine aminotransferase; AST: aspartate aminotransferase; CK: creatine kinase; CRP: C-reactive protein; eGFR:
estimated glomerular filtration rate; y-GT: y-glutamyl transferase; HDL: high-density lipoprotein; LDH: lactate dehydrogenase; LDL: low-density lipo-

protein; n.d.: not determined.

not reached at that time. She was referred to another regional
hospital and began to have oral prednisolone tapering from 30
mg daily in a suspected diagnosis of chronic tubulointerstitial
nephritis. In family history, her paternal female cousin died
of renal failure at the age of 22 years. There was no consan-
guineous marriage in the family. Her two younger sisters were
healthy.

Three years later at the age of 18 years on the referral visit
to the University Hospital, physical examinations, including
neurological tests, showed nothing particular to be noted. She

was taking oral prednisolone 5 mg daily and ferrous fumarate
100 mg daily. She did not smoke or drink alcohol. The height
was 152.6 cm, the weight 38.3 kg, the blood pressure 135/79
mm Hg, and pulse rate 106/min. The 24-h urine volume was
2,200 mL and did not exceed a volume of 3,000 mL in repeat
measurements later. In blood examinations (Table 1), serum
creatine was high at 5.14 mg/dL (normal range, 0.46 - 0.79),
blood urea nitrogen high at 51.5 mg/dL (normal range, 8.0 -
20.0), and estimated glomerular filtration rate (¢GFR) low at
10.4 mL/min/1.73 mm?. Antinuclear antibody and anticardi-
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Figure 2. Computed tomography scans. Atrophic kidneys on both sides in coronal (arrows, a) and axial (arrows, b) images at the
age of 18 years before kidney transplantation. Further atrophied kidneys (arrows, c) and kidney transplant in the normal dimen-
sion (arrow, d) at 19 years old, 8 months after kidney transplantation.

olipin antibody were absent. Urinalysis was normal and did
not detect proteinuria. Spot urine measurements showed an
amount of total protein at 6.5 mg/dL and a high level of urine
B2-microglobulin at 12.794 pg/mL (normal range, 0.0 - 0.289),
while a normal level of urine N-acetylglucosaminidase (NAG)
at 1.4 U/L (normal range, 0.3 - 11.5). Thoracic, abdominal, and
pelvic computed tomography scans showed no abnormalities
except for atrophic kidneys on both sides (Fig. 2a, b).

At the age of 19 years, 4 months after the initial visit, she
received an ABO-compatible living-donor kidney transplant
from her 46-year-old father after three sessions of hemodi-
alysis. At surgery, biopsy of the donor kidney showed two
glomeruli with global sclerosis out of 24 glomeruli examined
(Fig. 3a) in association with minimal interstitial fibrosis and
lymphocytic infiltration. She began to have extended-release
tacrolimus (tacrolimus ER) 4 mg daily and mycophenolate
mofetil (MMF) 1,000 mg daily, 5 days before the kidney trans-
plantation. One week after the kidney transplantation, oral
prednisolone was increased to 20 mg daily and tacrolimus
increased to 10 mg daily. The ureteral stent was removed 4
weeks after the kidney transplantation. According to the stand-
ard protocol for kidney transplantation, she underwent biopsy
of the transplanted donor kidney to reveal no sign of rejection,
no deposition of IgG, IgA, IgM, C3, Clq, C4d, or fibrin, 4
weeks and 14 months after the kidney transplantation. In the
pathological findings, one glomerulus showed global sclero-

sis out of 13 glomeruli examined, in association with intersti-
tial fibrosis and lymphocytic infiltration at 4 weeks (Fig. 3b),
while 12 examined glomeruli were normal in association with
interstitial fibrosis and lymphocytic infiltration as well as renal
tubular atrophy at 14 months (Fig. 3¢). Computed tomography
scans in 8 months showed the kidney transplant in the normal
dimension as well as her own kidneys in marked atrophy (Fig.
2¢, d).

At the age of 23 years, 4 years after the kidney transplan-
tation, she noticed visual field defect for the first time, and
visited a local eye doctor to be referred to the University Hos-
pital. Specific questions revealed the history that she had no-
ticed dark blindness in the early teens and that she had occa-
sionally experienced difficulty in picking something up in late
teens. The best-corrected visual acuity in decimals was 1.2 in
both eyes, and the intraocular pressure was 15 mm Hg in both
eyes. She had clear ocular media and showed mild diffuse non-
pigmented retinal degeneration in the entire quadrants of the
midperipheral fundus of both eyes outside the vascular arcade
in the posterior pole with the normally appearing retina (Fig.
4a-d). In optical coherence tomography, the photoreceptor el-
lipsoid zone, which corresponded to the junction between the
photoreceptor inner and outer segments, was preserved only in
the limited area of the posterior pole of both eyes (Fig. 4e, f).
Goldmann perimetry showed concentric visual field constric-
tion to 5° meridians, only with the peripheral-rim field preser-
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Figure 3. Kidney biopsy at surgery (a), 4 weeks (b) and 14 months (c) after transplantation. Note one glomerulus with global scle-
rosis (arrow, a) and interstitial fibrosis with lymphocytic infiltration. Also note more advanced interstitial fibrosis with lymphocytic
infiltration at 14 months (c). Masson trichrome stain in a and b, hematoxylin-eosin stain in c. Scale bar = 100 ym.

vation in both eyes (Fig. 4g, h).

She was followed up with basal doses of tacrolimus ER 5
mg daily, MMF 1,000 mg daily, and prednisolone 5 mg daily
until the age of 31 years in 12 years after the kidney trans-
plantation. The doses of tacrolimus ER and MMF had been

decreased temporarily, based mainly on her gastrointestinal
symptoms. Computed tomography scans showed the kidney
transplant in the normal dimension as well as her own kidneys
in extremely marked atrophy (Fig. 5a, b). The blood exami-
nations showed creatinine at 0.94 mg/dL, blood urea nitrogen
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Figure 4. Posterior pole (a in right eye, b in left eye) and wide-field (c in right eye, d in left eye) fundus photographs, and hori-
zontal section images of optical coherence tomography (e in right eye, f in left eye) at the age of 23 years, 4 years after kidney
transplantation. Note mild diffuse non-pigmented retinal degeneration outside the vascular arcade of the posterior pole (a-d)
and the photoreceptor ellipsoid zones preserved only in the posterior pole (between arrowheads, e and f). Visual fields by Gold-
mann perimetry (g in left eye, h in right eye), showing concentric constriction to the central 5° meridians in both eyes, only with

peripheral-rim fields left behind.
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Figure 5. At the age of 31 years, 12 years after kidney transplantation. Further atrophied kidneys (arrows, a) and kidney trans-
plant in the normal dimension (arrow, b). Wide-field fundus photographs (c in right eye, d in left eye) and horizontal section im-
ages of optical coherence tomography (e in right eye, f in left eye), showing no change compared with 8 years previously (Fig.
4a-f). Note mild diffuse non-pigmented retinal degeneration outside the vascular arcade of the posterior pole (c, d) and the photo-
receptor ellipsoid zones preserved only in the posterior pole (between arrowheads, e and f). Visual fields by Goldmann perimetry
(g in left eye, h in right eye), showing concentric constriction to the central 5° meridians in both eyes, only with peripheral-rim
fields left behind.
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at 14.7 mg/dL, and eGFR at 57.3 mL/min/1.73 m? (Table 1).
In several years after the kidney transplantation, she had been
psychologically unstable and had overcome the situation to
work as a part-time government worker in the hometown. She
maintained the normal retinal area in the posterior pole of both
eyes (Fig. 5c-f), and had the same constricted visual field in
both eyes as 8 years previously (Fig. 5g, h). She did not wish
to have genetic testing.

Discussion

The present patient with no other physical or mental disorders
developed end-stage renal disease in her teens. The pathologi-
cal findings by the renal biopsy at the age of 15 years were
global glomerulosclerosis, renal tubular dilation with irregu-
lar shape, and interstitial fibrosis with lymphocytic infiltration
which are all consistent with the diagnosis of nephronophthisis
in retrospect. As a preemptive therapy, she received a living-
donor kidney transplant from her father at the age of 19 years.
The course after the transplantation was stable in 12 years of
follow-up.

It had passed 4 years since the renal transplantation when
the patient was diagnosed with retinitis pigmentosa, based on
typical ocular fundus findings in association with a symptom
of night blindness. She had normal levels of visual acuity in
both eyes but showed concentric visual field constriction to 5°
meridian in both eyes. As the same as in the present patient, the
diagnosis of retinitis pigmentosa would often be delayed later
in the life of most patients since they maintain relatively better
visual acuity enough for their daily living and working life.
They would also be accustomed to narrow visual fields since
the visual field would be deteriorating at a slow pace. Under
the circumstances, patients with retinitis pigmentosa tend to be
incidentally diagnosed as such when they visit eye doctors for
other complaints.

In retrospect, the present patient had experienced night
blindness and tended to bump often into something in her
teens. With the diagnosis of retinitis pigmentosa, the diagno-
sis of Senior-Loken syndrome was thus reached in the present
patient. Joubert syndrome and related disorders could be ex-
cluded by the absence of anomalies and the absence of neu-
rological symptoms such as ataxia [5, 6]. Among the kidney
transplant recipients, rare genetic diseases such as Senior-Lo-
ken syndrome would be a more common cause for end-stage
renal disease than expected [9]. In a previous case report, as
similar to the present patient, one patient with Senior-Loken
syndrome was initially misdiagnosed as nephrosclerosis which
was related to hypertensive disorders of pregnancy [10]. These
previous reports have shown that it is not unusual for patients
with Senior-Loken syndrome to follow a similar trajectory to
the delayed diagnosis after kidney transplantation as a com-
mon real-world challenge. Genetic testing in patients with re-
nal failure of unknown causes would help establish the diagno-
sis in the earlier phase [5, 8, 11].

The prognosis for kidney transplantation in patients with
juvenile nephronophthisis was reported to be favorable even in
living-donor transplant recipients [12]. Hereditary kidney dis-

eases in autosomal recessive trait such as nephronophthisis are
not the contraindication to living-donor transplantation from
the families [13]. It is the standard protocol to check by bi-
opsy a pathological sign of rejection in the transplanted donor
kidney, 1 month and 1 year after the kidney transplantation.
It should be noted in the present patient to observe the lim-
ited extent of global glomerulosclerosis and interstitial fibrosis
with lymphocytic infiltration in specimens of the donor kidney
from her father. A limited number of global glomerulosclerosis
in the donor kidney would be the manifestation of the nor-
mal aging process in the 46-year-old father [14]. In contrast,
lymphocytic infiltration with interstitial fibrosis is against the
typical scene of rejection which shows the infiltration of lym-
phocytes around tubular epitheliums with HLA class I expres-
sion. Under the circumstances, global glomerulosclerosis with
interstitial fibrosis and lymphocytic infiltration in the donor
kidney might be a milder presentation of nephronophthisis
with recessive traits [5, 6]. This reasoning remains specula-
tive since genetic testing was not done in the patient and the
parents, based on their wishes.

The present patient had been psychologically unstable es-
pecially after the kidney transplantation. It is natural to have a
psychological overload in this patient who had suffered from
renal failure in her early teens, received the living-donor renal
transplant from her father, and was taking immunosuppressive
drugs. Furthermore, she was diagnosed as retinitis pigmentosa
in the course of the immunosuppressive treatment. She became
mentally stable after she decided to move back to her home-
town and started a part-time job as a government worker in
the framework for persons with disabilities. In the ophthalmo-
logical follow-up, she was relieved to know no deterioration of
visual acuity and visual fields in both eyes. The clinical situ-
ation in this patient emphasizes that psychological care and
support are crucial in both medical and social contexts [15-17].

Conclusions

This report described a 19-year-old woman with end-stage
renal disease who received a living-donor kidney transplant
from her father as a preemptive therapy. At 15 years old, she
was first pointed out to have poor renal function and under-
went renal biopsy to show global glomerulosclerosis, renal
tubular dilation in irregular shape, and marked interstitial fi-
brosis with lymphocytic infiltration. The protocol biopsy of
the living-donor kidney from her father at renal transplantation
and afterwards repeatedly showed a limited number of global
glomerulosclerosis and interstitial fibrosis with lymphocytic
infiltration. At the age of 23 years, 4 years after the kidney
transplantation, she was, for the first time, diagnosed with reti-
nitis pigmentosa, and hence, Senior-Loken syndrome. She was
followed in the stable condition of the renal function as well
as the visual acuity and visual fields in both eyes up until now
in 12 years after the kidney transplantation. A limited num-
ber of global glomerulosclerosis and interstitial fibrosis with
lymphocytic infiltration in the donor kidney from the father
might be a milder presentation of the disease with recessive
inheritance.
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Learning points

Patients with retinitis pigmentosa usually have good visual
acuity with the central visual fields which are preserved in
both eyes and tend not to notice by themselves the narrowing
of visual fields since the disease is slow in deterioration. Spe-
cific questions are useful to detect night blindness and narrow
visual fields such as bumping into something in the dark.
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