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Abstract

We report a case of distal partial trisomy 1 from q32.1 to 41 that have exhibited proteinuric glomerulopathy. The patient was
a 17-year-old adolescent with clinical features of low birth weight, mild mental retardation and mild deafness, from the birth.
He exhibited non-nephrotic range proteinuria with the mild obesity since the age of sixteen. Image studies did not reveal
morphological abnormalities of the kidneys. Renal biopsy findings showed no definitive evidence of primary glomerular
diseases, and were characterized by a very low glomerular density, glomerulomegaly and focal effacement of podocyte foot
processes. Therapies with dietary sodium restriction, body weight reduction and the administration of angiotensin receptor
blocker markedly reduced his proteinuria. It was likely that mismatch between congenital reduction in the nephron number
and catch-up growth of the whole body size played a major role in the development of glomerular hyperperfusion injury.
At present, the direct contribution of genetic factors due to this chromosomal disorder to such a substantial reduction in the

nephron number remains uncertain.
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Introduction

Distal partial trisomy 1q is a rare disorder, of which the
phenotype has not been fully defined because of the het-
erogeneity of its genotypes. Patients with this chromosome
disorder demonstrate a variety of clinical manifestations,
such as intrauterine growth retardation, low weight at birth,
hydronephrosis, and cardiovascular abnormalities [1-12].
However, there have been no reported cases with renal
parenchymal disorders, including proteinuric glomerulopa-
thy, among the patients with this chromosomal disorder.
Recent autopsy studies have identified much greater vari-
ability in the number of nephrons among individuals than
previously suspected [13]. In humans, kidney development
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begins during the 9th week of gestation and continues until
the 36th week. Importantly, no nephrons are formed after
birth [14]. Thus, the intrauterine environment, such as
nutrition and maternal factors, may substantially affect the
nephron endowment of the fetus. Indeed, intrauterine growth
retardation and/or a low weight at birth have been shown
to be associated with a low nephron number and may be
potential risk factors for chronic kidney disease in later life
[15-18]. A low nephron number can lead to compensatory
hyperfiltration of glomeruli, which may result in histopatho-
logical phenotypes such as glomerular hypertrophy and focal
glomerular injuries [19, 20].

A history of low birth weight is sometimes associated
with patients with genetic comorbidities. However, the renal
complications in such patients have not been fully discussed.
We herein report a case with partial trisomy of chromosome
1 presenting with persistent proteinuria and a clinical history
of low weight at birth. The pathogenesis potentially involved
in the proteinuric glomerulopathy observed in this case is
discussed.
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«Fig. 1 The growth history of this case plotted on a growth chart of
average values for Japanese boys. The increase in height and weight
were around the mean minus two standard deviations compared to the
average values of the Japanese population. Proteinuria first emerged
at 16 years of age, when his weight caught up to the average value.
The black and gray solid lines indicate the increase in the height and
weight, respectively

Case report

The patient was a 17-year-old adolescent with clinical fea-
tures of a low birth weight, mild mental retardation, and
mild deafness. His birth weight had been 1550 g at 35 weeks
of gestation. He did not receive intensive care during the
perinatal period. His childhood growth of height and weight
was around the mean minus two standard deviations com-
pared to the average Japanese population (Fig. 1) [21]. At
13 years of age, he had been diagnosed with partial trisomy
of chromosome 1 using a chromosomal test. The CGH
microarray revealed arr 1q32.1-q41(204, 637, 883-221, 374,
742) x 3. He was ultimately diagnosed with partial trisomy
of chromosome 1 from 1q32.1-q41. He had no apparent epi-
sodes of urinary infection, which are often found in patients
with congenital anomalies of the kidney and urinary tract
(CAKUT). His height and weight had caught up to the mean
value among the Japanese population by 16 and 17 years
of age, respectively. He had shown persistent proteinuria
since 16 years of age and underwent medical checkups at
our hospital.

A physical examination showed that his height, weight,
body mass index, and blood pressure were 171 cm, 74.3 kg,
25.4 kg/m?, and 118/65 mmHg, respectively. No edema was
noted. He did not present with low-set ears or proportion
and limb shortening, although some patients with trisomy
of chromosome 1 do show such findings. Blood tests showed
that the serum creatinine was 0.69 mg/dL, blood urea nitro-
gen was 12.0 mg/dL, total protein was 7.3 mg/dL, albumin
was 4.4 mg/dL, uric acid was 5.0 mg/dL, fasting blood sugar
was 99 mg/dL, and hemoglobin Alc was 4.9%. The serum
levels of hepatobiliary enzyme, electrolytes, and lipids were
within the normal ranges, and there were no abnormali-
ties in a blood cell count examination. The serum levels of
immunoglobulins were within the normal range, and anti-
nuclear antibody and anti-streptolysin O were negative. In
a 24-h urine collection test, the urinary protein excretion
was 1.16 g, and the creatinine clearance rate was 98.6 ml/
min. His estimated protein intake was 63.6 g/day, and salt
excretion was 6.9 g/day in the urine. Hematuria was not
detected in the urinary sediments. Computed tomography
and abdominal ultrasonography detected no morphological
abnormalities of the kidneys. The maximum lengths of the
right and left kidneys were 9.9 and 10.2 cm, respectively.

A renal biopsy was performed to evaluate the cause of
the patient’s persistent proteinuria. Figure 2 shows the renal

biopsy findings. In this case, the percentage of tubulointer-
stitial injury was approximately 5% of the total cortical area
involved. Although 4 pieces of the biopsy specimen con-
tained a sufficient amount of cortex area, only 15 glomeruli
were identified. No globally or focally sclerotic glomeruli
were detected in the specimen. The glomerular density,
defined as the number of glomeruli per observed cortical
area, was 0.8/mm?, which was markedly lower than the value
in the biopsy specimens of healthy Japanese adult subjects
(approximately 2.2—3.2/mm? on average) [22, 23].

The glomeruli were markedly enlarged, showing a much
larger mean maximal glomerular diameter (268 um) and
mean glomerular volume (10.3 X 10° um?) than the mean glo-
merular volume of healthy Japanese adult subjects estimated
using the same formula (approximately 2.4-2.5 x 10® mm?)
[22, 23]. No specific staining patterns were identified by an
immunofluorescent study including staining for IgG, IgA,
IgM, C3, and Clq. Electron microscopy revealed no remark-
able abnormalities other than locally identified foot process
effacement (Fig. 3).

Therapies with dietary sodium restriction and body
weight reduction were instructed, and 25 mg of losartan
potassium was administered. His body weight was reduced
to 71.1 kg in 3 months after diet therapy. The level of serum
creatinine slightly increased to 0.71 mg/dL and urinary pro-
tein excretion rate decreased to 0.30 g/day, respectively.

Discussion

This is the first report of a patient with partial trisomy 1q
who exhibited persistent proteinuria. The onset of proteinu-
ria was insidious, without any signs of infection symptoms
or edema formation, and the serum protein levels remained
relatively stable throughout the clinical course. Histopathol-
ogy of the renal biopsy specimen in this case showed no
evidence of immune-mediated glomerular inflammatory
changes or injuries. Quite the contrary, the specimen was
characterized by a very low density and marked enlargement
of the glomeruli. An electron microscopy study revealed that
podocyte foot process fusions were only focally observed.
Although the biopsy did not show any typical features of
focal segmental glomerular sclerosis (FSGS), all of the
clinical and histopathological features are consistent with
secondary maladaptive glomerular injuries [19, 20]. The
very low density and marked enlargement of the glomeruli,
representing secondary maladaptive glomerular injuries, are
found in the cases with the history of the low birth weight
and are known as oligomeganephronia [19, 20]. In our case,
combination therapy with body weight reduction and the
administration of angiotensin receptor blocker markedly
reduced the proteinuria, further supporting this idea.
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Fig.2 Renal biopsy findings by light microscopy. The representa-
tive renal biopsy findings in a 17-year-old male patient with minimal
change nephrotic syndrome showing normal glomerular density (3.1/
mm?) (a) and in this patient showing a low glomerular density (0.8/
mm?) (b) are shown. The arrows indicate non-sclerotic glomeruli

Fig. 3 Electron microscopic findings. Focal foot process effacement
(red arrow) was observed by an electron microscope. X3000 original
magnification
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(Masson trichrome stain xX50). A glomerulus in a patient with mini-
mal change nephrotic syndrome (c¢) and the extremely hypertrophied
glomerulus (glomerulomegaly) found in this patient (d) (periodic
acid-Schiff stain x400)

The birth weight of the present case was not very low
compared to that of most patients with oligomeganephro-
nia, whose birth weight is usually very or extremely low. In
addition, even though our patient showed only mild obesity,
he showed marked glomerulomegaly and proteinuria. In
general, only a minority of obese subjects shows apparent
proteinuria and renal impairment. This suggests a possible
involvement of “renal factors” in the development of glo-
merulopathy associated with obesity [24, 25]. These obser-
vations suggest that the nephron number endowment and
obesity status were not severe enough to induce renal injury,
implying that the chromosomal abnormality may have addi-
tionally influenced the renal involvement of this case.

Mutations in genes encoding proteins related to the
podocyte function, such as nephrin and podocin, induce
proteinuric renal diseases, including hereditary nephrotic
syndrome with histological features of FSGS [26]. Among
the more than 30 reported FSGS-causative genes, only
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NPHS2 (NM_014625), which encodes podocin, is related
to chromosome 1. However, the location of NPHS2 on the
chromosome is 1q25.2, which is different from that affected
in the present case (1q32.1-g41) [27].

A low number of glomeruli can be caused by abnormali-
ties of ureteric bud branching morphogenesis during kid-
ney development [14]. Indeed, in our case, the kidney was
smaller than the average population, although a renal biopsy
showed that the nephrons were markedly enlarged. This sug-
gests that the nephron number was quite low in our case.
However, the low nephron number in our case was unlikely
an acquired state, as imaging studies of the morphology
showed no evidence of atrophic kidneys. In addition, no
globally sclerotic glomeruli were identified, and the degrees
of tubular atrophy or interstitial fibrosis were minimal on
the biopsy. Chromosomal disorders are often complicated
by CAKUT and such patients with CAKUT often develop
tubulointerstitial injuries due to repeated episodes of urinary
tract infection and urinary afterload due to vesicoureteral
reflux and/or ureter obstruction [28]. In the present case,
however, no apparent morphological abnormalities of the
urinary tracts were detected on imaging studies. In addition,
renal biopsy revealed no evidence of tubulointerstitial inju-
ries, suggesting repeated episodes of urinary tract infection.
It is, therefore, unlikely that the low number of nephrons is
associated with the congenital origin of lower urinary tract
abnormalities.

Recent autopsy studies have shown that polymorphisms
within the GDNF and RET genes, which are the main genes
involved in branching nephrogenesis, are associated with a
low number of nephrons [14]. The GDNF and RET genes
are located on chromosomes 5 and 10, respectively. This
excludes the possibilities that the renal injury in our case
occurred in association with the genes encoding GDNF
and RET. Thus, the glomerulopathy and related proteinuria
observed in our case were not likely to be associated with
the major known genes encoding podocyte functions and
overseeing nephron endowment. At present, however, we
cannot exclude the possible contribution of as-yet-unknown
and uncharacterized genes located on chromosome 1q that
might have induced podocyte injury and/or glomerulopathy.

Koike et al. observed a low glomerular density and glo-
merular enlargement with FSGS, which were considered
secondary maladaptive injuries, on renal biopsies among
school-age children with a history of a low birth weight [29].
The present case was similar to a group of cases reported
in that study characterized by a low birth weight history,
the appearance of proteinuria at the timing of catch-up
growth, and renal biopsy findings of a low glomerular den-
sity and glomerulomegaly. In this respect, our case fits well
with the “low-nephron-endowment glomerular hyperfiltra-
tion hypothesis” [30]. In subjects with a history of a low
birth weight, which is often found in patients with genetic

comorbidities like the present case, the renal prognosis mer-
its further study. Thus, continuous follow-up is required to
detect renal complications and determine the outcomes in
this group of chronic kidney disease patients at a high risk
of progressing to end-stage renal disease.

In conclusion, we reported a case of proteinuric glo-
merulopathy in an adolescent with distal partial trisomy of
chromosome 1. The clinical course and the characteristic
renal biopsy findings observed in this case suggest that the
nephron number-body size mismatch due to low nephron
endowment and subsequent catch-up growth of the whole
body may underlie the pathogenesis. At present, the contri-
bution of genetic factors due to this chromosomal disorder
remains uncertain.
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