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Abstract Tubulointerstitial nephritis and uveitis (TINU)
syndrome is considered to have a good prognosis even
without any immunosuppressive therapy, although there is
no histological evidence to support this. The objective of
this study was to evaluate, retrospectively, serial renal
biopsy findings in three girls with TINU syndrome who
were treated with prednisolone. At presentation, all patients
had significantly elevated urinary {3,-microglobulin levels
(7583-19,313 nug/l) and high serum creatinine levels (0.93—
1.3 mg/dl). The elevated (3,-MG and creatinine levels
persisted for 1 month, and renal biopsies were performed to
establish a definitive diagnosis. The initial biopsy speci-
mens of all patients revealed marked interstitial enlarge-
ment consisting of infiltration of lymphocytes; there was
also notable tubulitis and infiltration of eosinophils. All
patients received prednisolone therapy following the diag-
nosis. A second renal biopsy was performed 9 months after
the first biopsy for two of three patients, and 2 years later
for the third patient. The biopsy specimens taken at
9 months still showed histological changes of acute
inflammation; in contrast, that taken at 2 years showed a
lower degree of acute inflammation, but scar formation was
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observed in some regions. Based on these results, we
conclude that selected TINU syndrome patients require
some immunosuppressive therapy.
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Abbreviations

ATIN acute tubulointerstitial nephritis
>-MG  [3,-microglobulin

TINU  tubulointerstitial nephritis and uveitis

Introduction

Tubulointerstitial nephritis and uveitis (TINU) syndrome is
characterized by the association of acute tubulointerstitial
nephritis with uveitis. It was first described by Dobrin et al.
in 1975 [1], and more than 200 cases have since been
reported [2] in the pediatric and ophthalmologic literature.
The prognosis of the renal symptoms observed in the TINU
syndrome is currently regarded as good without systemic
steroid therapy [3-5], although only a few reports have
described the sequential renal histological changes that
occur in TINU syndrome [6, 7], and the natural history and
clinical course of the syndrome are still unclear. Moreover,
there has been recent reports of the development of end-
stage renal failure in patients with TINU syndrome not
treated with systemic steroid therapy [8—10].

We recently treated three patients with TINU syndrome
with systemic steroid therapy and performed two renal
biopsies in each patient. The objective of the study was to
evaluate, retrospectively, serial renal biopsy findings in
three girls with TINU syndrome who were treated with
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prednisolone and to confirm the necessity for immunosup-
pressive therapy in selected TINU syndrome patients.

Patients and methods
Patients

This was a retrospective review of patients with TINU
syndrome diagnosed at our institution from 1998 to 2005.
Five patients with TINU syndrome were treated during this
period. Patients who had serial renal biopsies and were
treated with oral steroid therapy were included in this study;
three girls, all aged 1415 years, fulfilled these criteria.

All patients showed low-grade proteinuria and glucosu-
ria on screening tests with dip-and-read reagent strips,
including school urinary screening. Blood tests, intensive
urine tests, such as urinary {3,-microglobulin (3,-MG) and
electrolytes, and screening for ocular disease were then
performed. The diagnosis of uveitis was made with a slit-
lamp examination. If a patient showed any symptoms
suggesting acute tubulointerstitial nephritis (ATIN) and was
diagnosed with uveitis, the patient was diagnosed as having
TINU syndrome clinically, and follow-up was started.
Urinary 3,-MG and serum creatinine levels were checked
once or twice a month. Ocular symptoms were also
followed with slit-lamp examinations once or twice a
month. Renal biopsies were performed in all patients to
make a definitive diagnosis after 1 month of follow-up if
they still showed any symptoms suggesting ATIN and/or
renal impairment, such as high urinary 3,-MG and/or high
serum creatinine levels. The second renal biopsies were
performed either 9 months (patients 1 and 2) or 2 years
(patient 3) after the first biopsy. All patients provided their
written informed consent for each renal biopsy. None of the
patients complained of rash, arthralgia, or morning finger
stiffness, and none of the patients had an abnormal anti-
nuclear antibody titer.

Histological examination

Biopsy specimens were treated by the standard paraformal-
dehyde fixation protocol for histological staining, and some
specimens were used for CD4 and CD8 immunostaining.
Tissue injury was assessed by hematoxylin—eosin staining,
periodic acid—Schiff staining, periodic acid—methenamine
silver staining, and Masson’s trichrome staining.
Paraformaldehyde-fixed samples for CD4 and CD8 staining
were dipped in 0.01 M citrate buffer pH 7.0 and pH 6.0,
respectively, and autoclaved for 20 min at 121°C. An
enzyme immunohistochemical peroxidase staining assay
was then performed using monoclonal antibodies to detect
CD4 and CDS8 (Nichirei, Tokyo, Japan).
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Grading of histological changes

Tubulointerstitial damage was assessed according to the
tubulointerstitial score (TI score) described by Foster et
al. [11]. The usefulness of this score was confirmed by
Suzuki et al. [7]. Briefly, the percentage involvement of
interstitial mononuclear infiltrate (factor 1, acute score),
percentage lesion with interstitial edema (factor 2, acute
score), tubular damage (factor 3, acute score), and
interstitial fibrosis and tubular atrophy (factor 4, chronicity
score) were scored. Absence was assigned a score of 0, <50%
lesion involvement was assigned a score of 1, and >50%
involvement was assigned a score of 2; thus, the total score
ranged from O to 8.

Therapy

All patients were treated with oral prednisolone,
although the protocol differed for each patient, as
shown in Fig. 1. The steroid therapy was started at a
dose of 40 mg/day (30 mg/m?) of prednisolone for patient
1 and 60 mg/day (60 mg/m? or the maximum dose of our
protocol) for patients 2 and 3 for 4 weeks. After the initial
4 weeks of therapy, the dose of prednisolone was tapered
by 10 mg/week (patients 1 and 3) and 5 mg/week (patient
2). The dose of prednisolone, the duration of therapy, and
the method of administration (every day or alternate days)
were decided upon according to the urinary 3,-MG titers
and/or the results of the second renal biopsy.

Results
Clinical manifestations

The patients’ profiles and their initial TINU syndrome
symptoms are summarized in Table 1. Urinary (3,-MG and
serum creatinine levels at the time of the first examination
were 15,400 pg/l and 1.3 mg/dl (115 pmol/l) in patient 1,
7583 pg/l and 0.93 mg/dl (82 pumol/l) in patient 2, and
19,313 pg/l and 1.1 mg/dl (97 pumol/l) in patient 3. The
blood pressure of patients 1, 2, and 3 was 126/70 mmHg,
110/62 mmHg and 106/56 mmHg, respectively. The changes
in these values are presented below. The high 3,-MG levels
and glucosuria suggested ATIN, and the high serum creatinine
levels suggested renal impairment. Immunoglobulin (Ig)G
levels were elevated in patients 1 and 2, as previously
described in several reports [12].

Urinary [3,-MG and serum creatinine levels

The urinary 3,-MG and serum creatinine levels decreased
in all three patients within 1 month of being started on oral
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Fig. 1 Summary of the clinical 15400 pg/l
courses of the three cases. Solid
line (,-microglobulin (3,-MG)
value, dotted line maximum
normal value of (3,-MG qd
(250 pg/l), black bars, dose of
oral prednisolone, arrow (1)
timing of renal biopsy (RB) or
end of therapy, RB renal biopsy,
qd quaque die (daily), god
quaque (every other day)

T RB

19313 pg/l

60 mg
q

d
+RB

steroid therapy: to 749 pg/l and 0.9 mg/dl (80 wmol/l) in
patient 1; 147 pg/l and 0.82 mg/dl (72 pumol/l) in patient 2;
118 pg/l and 0.7 mg/dl (62 pumol/l) in patient 3. The
blood pressure of patients 1, 2, and 3 also decreased to
114/66 mmHg, 106/58 mmHg and 102/54 mmHg, respec-
tively. Elevated urinary (3,-MG levels after the initiation of
steroid therapy were observed in two patients (patients 1 and 3;

Table 1 Summary of the clinical features of the three cases

2920 pg/l

1214 pg/l

30 mg.qod

...,

1 18 months 1RB

patientl

20 mg qod
DL LR L T T T e
1RB 1 18 months
at 9 months End of therapy
patient 2
5mgqd
1RB 1 18 months
at 9 months End of therapy
patient 3

780 pg/l

End of therapy at 2 years

Fig. 1). The starting dose of prednisolone was lower in patient
1 (30 mg/m?) than in the other two patients, and the dose of
prednisolone was tapered faster in patient 3 (10 mg/week)
than in patient 2. On the other hand, patient 2, in whom the
initial prednisolone dose (60 mg/m?) was higher and the dose
tapered more slowly (5 mg/week), did not have such elevated
urinary (3,-MG levels. The total cumulative prednisolone

Patient characteristics Patient 1 Patient 2 Patient 3 Normal value
Age (years) 14 15 14

Initial symptom Persistent fever SUS Pallor

Urinalysis protein® + + + -
Hematuria” + - - -
Glucose® + + 4+ -
Urinary 3,-MG (ug/1) 15,400 7583 19,313 <250
Serum creatinine (mg/dl)* 1.3 0.93 1.1 0.5-0.9
CCr (ml/min) 23.6 53.1 40.6 61-108
FCT (mOsm/kg H,0)* 583 ND 669 800-850
Blood pressure (mmHg) 126/70 110/62 106/56 <125/80
Hb (g/) 82 120 103 130-160
1gG (g/l) 18.3 17.9 15.3 8.7-17
Anti-nuclear antibody Negative Negative 1:40 Negative
Period 1 4 weeks 3 weeks 4 weeks

Period 2 9 months 9 months 2 years

Hb, Hemoglobin; CCer, creatinine clearance; FCT, Fishberg concentration test; Period 1, duration from first presentation to first renal biopsy;
Period 2, duration from the first to the second renal biopsy; SUS, school urinary screening; Ig, immunoglobulin

#Urinalysis protein: £, >10 mg/dl; +, >30 mg/dl
® Hematuria: +, 5-20 red blood cells/high power field
¢ Glucose: +, >50 mg/dl; 4+, >1000 mg/dl

4 Creatinine clearance measurements and the Fishberg concentration test were performed when each patient was hospitalized for renal biopsy
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dose was 5.0 g for patient 1, 5.8 g for patient 2, and 9.0 g for
patient 3.

Uveitis

All three patients were diagnosed as having bilateral
anterior uveitis and were followed by an ophthalmologist.
Their symptoms resolved with topical corticosteroid thera-
py. During oral steroid therapy, none of the patients
complained of ocular symptoms, and reducing the prednis-
olone dose did not induce recurrence of uveitis within the
2-year follow-up period.

Histological changes

The initial biopsy specimens of all patients showed marked
interstitial enlargement consisting of an infiltration of
lymphocytes; there was also notable tubulitis and infiltra-
tion of eosinophils. Neutrophils were rare, and the
glomeruli were within the normal range. Immunofluores-
cent staining showed no evidence of immune complex
deposition, and electron microscopy also showed no
electron-dense deposits. The TI scores of patients 1, 2 and
3 were 7, 6 and 7, respectively. The chronicity scores of all
patients were 1, and, in patient 2, the factor 2 score was 1.
The second biopsy specimens of patients 1 and 2 (shown in
Fig. 2a and b), taken 9 months after the first biopsy,
continued to show histological changes of acute tubuloin-
terstitial nephritis with mononuclear cell infiltration (CD4
dominant; data not shown) and edematous regions. Inter-
stitial fibrosis and tubular atrophy were also observed. Foci
of granulomatous inflammation and collapsed glomeruli
with peri-capsular fibrosis, which would ultimately form
scars, were also noted in patient 1. The specimen of patient
3, which was taken 2 years after the first biopsy (Fig. 2c¢),
showed a lower degree of infiltration of inflammatory cells
in interstitial regions and almost normal tubules, but scar
formation was observed in some regions. With respect to
infiltrating lymphocytes, there were more CD4-positive
cells than CD8-positive cells (Fig. 3), as has previously
been reported [6].

Discussion

The prognosis of TINU syndrome is currently considered to
be good without systemic steroid therapy [3—5]. However,
two of the patients in this study still had histological
evidence of acute tubulointerstitial inflammation 9 months
after the initiation of therapy, and the third patient improved
with scar formation after systemic steroid therapy. It would
therefore appear that some patients with TINU syndrome
develop chronic renal damage.
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Fig. 2 Findings of the second renal biopsy. All tissue samples were
treated with Masson’s trichrome stain. Magnification: x100. a, b Biopsy
findings of patients 1 and 2, respectively, 9 months after the first biopsy,
showing tubular atrophy (4') and interstitial fibrosis ($) indicating
chronicity, but also infiltrating lymphocytes and edematous regions (M)
indicating acuteness. The collapsed glomeruli () and the granuloma-

tous region (1) present will ultimately form scars. ¢ Biopsy findings of
patient 3, 2 years after the first biopsy, showing almost complete
amelioration, although some scar formation is visible (f)
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Fig. 3 CD4 and CD8 expression on interstitial lymphocytes of the
first renal biopsy of patient 1. Magnification: x100. CD4 expression is
more prominent than CD8 expression. Similar results were observed
in the other two patients

Systemic steroid therapy was considered to be effective
in our patients because their serum creatinine values
recovered smoothly following the initiation of therapy, as
has been previously reported [13]. Despite the patients
showing a reduction in serum creatinine levels, examination
of renal biopsy specimens obtained 9 months after therapy
initiation revealed active lesions of tubulointerstitial nephri-
tis, and the specimen obtained at 2 years showed healing
with scar formation. Many of the studies published on the
clinical course of TINU syndrome report that the prognosis
for patients’ renal function is favorable without systemic
steroid therapy [3—5]. However, there have been a number
of reports of TINU patients who developed end-stage renal
failure [8—10]. Given the results of our patients, it is
important to recognize that some patients with TINU
syndrome heal with scar formation and, thus, their reserve
renal functional capacity is decreased.

Elevated urinary 3,-MG levels were observed after a
small initial amount of steroid therapy or rapid tapering of
the steroid dose in patients 1 and 3. Patient 2, however,
whose initial therapy consisted of a large dose (60 mg/m?)
of prednisolone for 4 weeks, followed by slow tapering of
the prednisolone dose, did not show such an elevation.
Vohra et al. [8] and Kobayashi et al. [14] reported that
TINU patients tend to have a prolonged clinical course. The
biopsy findings at 9 months still showed acute inflamma-
tion and thus confirm their reports. In our opinion, selected
TINU syndrome patients may need treatment with some
anti-inflammatory drugs and long-term therapy.

Our three patients formed, or one can assume that they
formed, scar lesions, even after treatment with prednisolone.
Although systemic steroid therapy appears to be effective, it
is not known whether steroid therapy is a sufficient treatment
for TINU syndrome. Thus, immunosuppressive agents other

than prednisolone may be necessary. Mycophenolate mofetil
has recently been reported to be a useful agent for the uveitis
of TINU syndrome [15]. The establishment of evidence-
based therapies is needed in the future.

Not all patients need systemic steroid (or other immu-
nosuppressant) therapy, as many reports have concluded.
We have also cared for a girl with TINU syndrome whose
renal symptoms improved within a few weeks of follow-up
without any therapy (data not presented). Suzuki et al. [7]
used the TI score described by Foster et al. [11] to quantify
the renal biopsy findings of their TINU patients and
concluded that TINU patients with high TI scores should
be treated with immunosuppressive therapy. All three
patients in our study had high TI scores (6 or 7). It would
therefore appear that the TI score is an important indicator
of the need for systemic therapy.

Another factor that may indicate the need for some
immunosuppressive therapy is renal function at the first
visit and the duration of renal dysfunction. Our three
patients showed elevated serum creatinine and urinary (3,-
MG levels at their first visit to our hospital, and this
elevation continued for more than 1 month before oral
prednisolone therapy was started. Many of the patients
reported by Takemura et al. [5] recovered within 1 month
without systemic therapy. In addition, Hamdan et al. [10]
reported that delayed diagnosis and initiation of treatment
make the outcome of patients with TINU less favorable. We
suggest that renal biopsy should be performed for TINU
patients who show renal dysfunction for more than 1 month,
and the treatment strategy should be determined according
to the histological findings.

The pathophysiology of TINU syndrome is assumed to
differ from that of other types of ATIN. In our three patients
with TINU syndrome, interstitial infiltrating mononuclear
cells prominently expressed CD4, as has been reported
elsewhere [6, 16]. In contrast, in ATIN of other etiologies,
the infiltrating cells usually predominantly express CDS8
[17, 18]. Clinically, TINU syndrome has a prolonged
course compared with other types of ATIN [8, 14]. In
addition, it has recently been reported that a patient with
TINU syndrome produced autoantibodies against tubular
and uveal cells [19]. Taken together, these results suggest
that the pathogenesis of TINU syndrome differs from that
of other types of ATIN and, therefore, patients with TINU
syndrome should not be treated in the same manner as
patients with other types of ATIN.

Conclusion
Our study of three patients with TINU syndrome showed

the presence of acute tubulointerstitial inflammation
9 months after the initiation of systemic steroid therapy
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and the development of chronic renal damage. We believe
that TINU patients who still show renal dysfunction after a
1 month follow-up should have a renal biopsy. If the TI
score of the biopsy findings is high, the patient requires
immunosuppressive therapy. Patients need to be closely
observed for more than 2 years. Prospective randomized
control studies are needed to identify the best therapy for
TINU syndrome.
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