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Abstract

Cystinosis is an autosomal recessive lysosomal storage dis-
ease with an unclear enzymatic defect causing lysosomal
cystine accumulation with no corresponding elevation of
plasma cystine levels leading to multisystemic dysfunc-
tion. The systemic manifestations include a proximal re-
nal tubular defect (Fanconi-like), endocrinal disturbances,
eye involvements, with corneal, conjunctival and retinal
depositions, and neurological manifestations in the form
of brain and muscle dysfunction. Most of the long-term
ill effects of cystinosis are observed particularly in pa-
tients with long survival as a result of a renal transplant.
Its responsible C7NVS gene that encodes the lysosomal
cystine carrier protein (cystinosin) has been mapped on
the short arm of chromosome 17 (Ch17 p13). There are
three clinical forms based on the onset of main symp-
toms: nephropathic infantile form, nephropathic juvenile
form and non-nephropathic adult form with predominant
ocular manifestations. Avoidance of eye damage from
sun exposure, use of cystine chelators (cysteamine) and
finally renal transplantation are the main treatment lines.
Pre-implantation genetic diagnosis for carrier parents is
pivotal in the prevention of recurrence.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

(4 9

Tap
JBaishideng®

WIN | www.wjgnet.com

94

Key words: Cystinosis; C7TNS gene; Phenotypic-ge-
notypic correlation

Core tip: Cystinosis is an autosomal recessive lysosomal
storage disease of cystine manifested primarily in the
eye and kidneys; corneal cystine deposition detected by
slit lamp and a proximal renal tubular defect (Fanconi-
like) are the main clinical features. Its responsible gene,
called CTNS, encodes the lysosomal cystine carrier
protein (cystinosin) and has been mapped on the short
arm of chromosome 17. Clinical forms of cystinosis
depend upon age of onset of main symptoms. Besides
cystine chelation, treatment includes eye protection
from sun exposure and renal support up to transplan-
tation. Carrier detection among parents and prenatal
genetic diagnosis is the mainstay of prevention.

Al-Haggar M. Cystinosis as a lysosomal storage disease with
multiple mutant alleles: Phenotypic-genotypic correlations. World
J Nephrol 2013; 2(4): 94-102 Available from: URL: http://www.
wjgnet.com/2220-6124/full/v2/i4/94.htm DOI: http://dx.doi.
org/10.5527/wjn.v2.i4.94

CLASSIFICATIONS OF INHERITED
FORMS OF RENAL TUBULAR ACIDOSIS

Inherited forms of proximal renal tubular acidosis

Proximal renal tubular acidosis (RTA) resulting from Fan-
coni syndrome is a frequent part of systemic syndromes.
Among systemic disorders that result in RTA, the inheri-
tance pattern is usually autosomal recessive. Some of

these disorders are cystinosis, tyrosinemia, galactosemia,
Fanconi Bickel Syndrome and others. These syndromes
are heterogeneous groups of disorders. Their genes are
mapped in many chromosome regions'". These inherited
forms are demonstrated in Table 17,

Proximal RTA unrelated to Fanconi syndrome is a
rare disorder and might be sporadic, autosomal dominant

November 6, 2013 | Volume 2 | Issue 4 |



Table 1 Chromosomal mapping of some inherited proximal

renal tubular acidosis

Inherited proximal RTA Gene Chromosomal mapping
Autosomal recessive SLC4A4 4q21

Dent’s syndrome CLCN5 Xpl11.22
Cystinosis CTNS 17p13.2
Tyrosinemia type 1 FAH 15q23-q25
Galactosemia GALT 9p13
Wilson’s disease ATP7B 13q14.3-q21.1
Fanconi Bickel Syndrome SLC2A2 3q26.1-26.3

RTA: Renal tubular acidosis.

or autosomal recessive. The autosomal recessive disor-
der is associated with ocular abnormalities and frequent
coursing with mental retardation. Other clinical features
are short stature, dental enamel defects, pancreatitis and
basal ganglia calcification”. Loss-of-function mutations
in the gene that encodes the NBC-1 protein (SLC4A4
gene) were first identified in two Japanese patients with
proximal RTA associated with cataracts, glaucoma and
band keratopathyw.

NBC-1 is formed by 1035 amino acids and contains
ten transmembrane domains and two cytoplasmic termi-
ni. It is present in the kidney, brain, eye, pancreas, heart,
prostate, epididymis, stomach and intestine. In the kid-
ney, NBC-1 is expressed mainly at the basolateral mem-
brane of the proximal tubule. At least two genes encode
the NBC-1 proteins. Mutations were identified in the
human NBC-1 gene (§SL.C4.44) mapped at chromosome
4q21[5’6]. Another interesting candidate gene for proxi-
mal RTA is the TASK gene. Its expression is located in
the pancreas, placenta, lung, small intestine, colon and
kidney. TASK seems to be important to HCOs™ reab-
sorption in renal proximal tubules'. Another inherited
form of proximal RTA is the one resulting from muta-
tions in the gene CA2 that encodes CAIl. The carbonic
anhydrases are members of a family of zinc metalloen-
zymes that catalyze the hydration of COz The human
CATl maps to the chromosome region 8q22. In the
kidney, the majority of CA activity is attributable to CA
IT, which is localized in the proximal tubular cells and in
a-intercalated cells of the cortical and outer medullary
collecting tubules’®. Due to their localization, this RTA
courses with some proximal and distal components. In
terms of clinical aspects, this form of RTA presents
with osteopetrosis, cerebral calcification and different
levels of mental retardation.

The autosomal dominant proximal RTA was origi-
nally described in a large Costa Rican family"”, consisting
of nine individuals presenting with growth retardation
and osteomalacia. No gene was found to be associated
with this clinical presentation. Later on, another family
with isolated proximal RTA inherited as an autosomal
dominant disease was described"”.

Inherited forms of type Il RTA
Type Il RTA is a mixed type that exhibits both impaired
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proximal HCOs reabsorption and distal acidification.
The condition is due to an inherited deficiency of CA
II caused by a recessive mutation in the CA2 gene (SL-
C26.A6) on chromosome 8q22, which encodes this wide-
ly expressed enzyme. The expression of CA1l is affected
in bone, kidney (in both proximal and distal nephron
segments, explaining the mixed acidosis) and brain"""?,
The mechanisms that underlie the clinical course in type
Il RTA, apart from much slower conversion of carbonic
acid to and from HCOs3, apparently also involve a direct
interaction between CATl and the kidney NBC1 or Cl'/
HCOs exchangerml. Mutations of the identified CA II
binding site reduce SLC26AG6 activity, demonstrating the
UL Patients with this
deficiency exhibit osteopetrosis and cerebral calcifica-
tion, as well as mixed RTA with proximal and distal
Components[15]. There is a considerable degree of hetero-
geneity, both in the predominance of proximal or distal
acidosis and in the osteopetrotic phenotype. In different
kindred, mild or severe mental retardation has also been
described"”. Different mutations in CA2 gene have been
described; for example, the common “Arabic” mutation,

importance of this interaction

consisting of loss of the splice donor site at the 5’ end of
intron 2",

Inherited forms of Type IV RTA

Type IV RTA is a heterogeneous group of disorders as-
sociated with hyperkalemia due to aldosterone deficiency
or impairment in aldosterone molecular signaling. The in-
heritance might be autosomal dominant or autosomal re-
cessive. The autosomal dominant form is a frequent and
milder form without other organ involvement. It seems
to be associated with loss-of-function mutations in the
mineralocorticoid receptor gene, the MRL gene. MRL-
knockout mice develop symptoms of pseudohypoaldo-
steronism. In humans, clinical presentation varies from
non-symptomatic to important neonatal Na" loss. The
autosomal recessive form is associated with Na' trans-
port defects in all aldosterone target tissues, not only kid-
ney, but also colon, lungs, salivary and sweat glands. The
recessive form is more severe with more pronounced salt
wasting, However, both types of inheritance might result
in the same degree of natriuresis, hyperkalemia and meta-
bolic acidosis".

Other inherited causes of type IV RTA include
hyperkalemia associated with hypertension and low
or normal levels of plasma aldosterone!'™"™. This
syndrome is called pseudohypoaldosteronism type 2
(PHA2) or Gordon’s syndrome, which results in renal
aldosterone resistance. It is inherited as an autosomal
dominant pattern. Mutations in the gene of two iso-
forms of WNK serine-threonine kinases (WINK4 and
IWINKT genes) were identified in patients with PHA2™.
WNKSs are serine kinase proteins lacking a lysine resi-
due at the active site, being the WNK type 1, a regu-
latory protein from WNK 4. WNK4 is found in the
distal nephron and controls Na" and CI' re-uptake and
inhibits K" efflux".

November 6, 2013 | Volume 2 | Issue 4 |
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CLINICAL BACKGROUNDS OF
CYSTINOSIS

Cystinosis has been classified as a lysosomal storage disot-
der based on the intralysosomal localization of stored cys-
tine; however, it differs from the other lysosomal diseases
in that the principal lysosomal enzyme of acid hydrolysis
is not known to play a role in the metabolic disposition
of cystine. Moreover, plasma cystine levels are well below
saturation, indicating that the defect is a cellular one. With
electron microscopy of cystine-laden cells, cystine is com-
partmentalized with acid phosphatase and is membrane-
bound, as demonstrated by electron microscopy.

In heterozygotes, concentration of free cystine was
found to be several times the normal in the leukocytes of
parents of patients™ proximal renal tubular deposition
of cystine results in Fanconi-like syndrome™"), Teree ef
al™ studied 2 male sibs physiologically and anatomically
with cystinosis. Microdissection of the kidney tubules
suggested that the morphological abnormality of the
proximal tubule is “acquired” and progressive; however,
these changes did not develop in renal transplants among
four cystinosis children™. Endocrinal disturbances in the
form of hypothyroidism due to extensive cystine deposi-
tion have been reported and represents one of the fac-
tors that could explain growth retardation of cystinosis
patients®*", Jonas e# a/*” described a cystinosis patient
who started at the age of one year, in end-stage renal
failure at the age 7 years and at the age of 24 years, she
was very dwarf (her height was 123 cm). She had marked
photophobia, corneas and conjunctiva laden with re-
fractile material, and a patchy retinopathy. There were
signs of ovarian failure, intermittent confusion, short-

term memory loss and cerebral atrophy on computetized
axial tomography. Autopsy examination at the age of
25 showed cystine storage in multiple tissues, including
pancreatic islet cells, the aorta, the atrophic ovaties and
brain’. Myopathy with generalized muscle weakness and
wasting due to accumulation of cystine in and around
muscle fibers has been reported in a 22-year-old man
who had a renal allograft at the age of 10 years™. In a
patient who underwent renal transplantation aged 30 mo,
cystinosis was the only detected cause for progressive
renal failure™. The long-term ill effects of cystinosis,
observed particularly in patients with long survival as a
result of renal transplant, include pancreatic endocrine
and exocrine insufﬁciency[m’m and, as mentioned eatlier,
recurrent corneal erosions, CNS involvement and severe
myopathy. Oral motor function was assessed in 43 cysti-
nosis patients aged 3-30 years, 24 of whom had received
a renal transplant. Approximately half of them were slow
eaters and the marked oral motor dysfunction increased
with age™. In studies of intelligence in 14 families of
children with infantile nephropathic cystinosis, Williams
et al” found that the 1Qs of 15 children with cystino-
sis were significantly lower on average than those of their
sibs and parents. Even although the mean IQ of the
children with cystinosis (94.4 = 10) was within the aver-
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age range, there was evidence that they had a mild global
intellectual deficit compared to their expected 1Q based
upon the 1Qs of their relatives. Several have commented
that patients with cystinosis have skin and hair pigmenta-
tion noticeably lighter than that of their unaffected sibs.
It has been speculated that pigment formation may be
impaired in the melanosomes, which are the melano-
cyte counterparts of lysosomes”. Most children with
nephropathic cystinosis display an inability to produce
the normal volume of sweat, resulting in heat intolerance
and avoidance, flushing, hyperthermia and vomiting in
small children, although sweat electrolyte concentrations
are normal®”,

CLINICAL VARIANTS OF CYSTINOSIS

Accumulation of the amino acid cystine in lysosomes oc-
curs throughout the body. Depending on the age at pre-
sentation and the degree of disease severity, three clinical
forms of cystinosis are distinguished: (1) Nephropathic
infantile form (OMIM #219800), the most frequent and
severe form of the disease; (2) Nephropathic juvenile
form (OMIM #219900); synonyms: intermediate cys-
tinosis, late-onset form, adolescent form; and (3) Non-
nephropathic adult form (OMIM #219750); synonyms:
benign non-nephropathic cystinosis, ocular non-nephro-
pathic cystinosis.

All three forms of the disease are autosomal recessive
and caused by mutations of the CTNS gene and have
phenotypic overlap"’.

Nephropathic infantile cystinosis

Patients with infantile cystinosis are generally born from
uneventful pregnancies and have normal birth weight and
length. Despite cystine accumulation starting in utero,
clinical symptoms are absent at birth and gradually de-
velop during the first months of life. The kidneys are the
first affected organs and progressively lose function of
their proximal tubular transporters. This results in urinary
loss of water, Na*, K, HCOs, Ca™, Mg2+, phosphate,
amino acids, glucose, proteins and many other solutes
reabsorbed in this nephron segment. Asymptomatic
aminoaciduria can appear during the first weeks of life
and is followed by glucosuria, phosphaturia and urinary
HCO:s' losses during the first months of infancy. In one
sibling of a known patient with cystinosis longitudinally
followed from birth, the excretion of low molecular
weight protein (a-1 microglobulin) was only increased at
the age of 6 mo. This observation indicates that diverse
proximal tubular transporters have a differential sensitiv-
ity to the cystinosin dysfunction and that the diagnosis of
cystinosis can be missed during the first months of life,
especially when only a limited number of urinary markers
are used to identify renal Fanconi syndromem’m. At the
age of 6 mo, a full-blown Fanconi syndrome is usually
present and causes clinical symptoms of polyuria, thirst,
failure to thrive, growth retardation, vomiting, periods of
dehydration, constipation, developmental delay and rick-
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ets in some patients. Biochemically, patients present with
hypokalemia, hypophosphatemia, metabolic acidosis, low
serum uric acid, low serum carnitine and sometimes hy-
ponatremiam. Occasionally, hypokalemia in combination
with hypochloremic metabolic alkalosis and an elevated
plasma rennin activity can mimic Bartter syndrome®™"’.
Proteinuria can reach grams per day and consists of
LMW proteins, albumin and high molecular weight pro-
teins". Excessive losses of calcium and phosphate can
cause the development of nephrocalcinosis and the for-
mation of renal stones'”. In most untreated patients, glo-
merular filtration rate remains normal for up to two years
and then progressively deteriorates towards end stage
renal disease (ESRD) at the end of the first decade!”. Re-
nal transplantation is the treatment of choice in patients
with ESRD as the disease does not recur in the grafted
organ. Cystine crystals can be observed in graft biopsies
but originate from the host mononuclear cells and are of
no pathological value™,

Nephropathic juvenile form

It is diagnosed in a minority of the patients (about 5%)
and manifests with a spectrum of symptoms, varying
from milder (compared with the infantile form) proximal
tubulopathy to an apparent nephrotic syndrome. Most of
the patients described were older than ten years. The de-
terioration of renal function also occurs in the late-onset
form but the rate of renal disease progression is mostly
slower compared with the infantile form of cystinosis"”

Non-nephropathic adult form

Ocular non-nephropathic cystinosis manifests only with
complaints of photophobia due to cystine accumulation
in the cornea of the eye, which is also present in nephro-
pathic cystinosis. The kidney, retina and other organs are
spared in these patients'™. The coexistence of juvenile
and ocular forms of cystinosis was described in one fam-
ily, suggesting that there might be a continuum between
mild forms of cystinosis and thus warranting the follow-
up of renal functions in patients with adult cystinosis'™”

EXTRA-RENAL SYMPTOMS OF
CYSTINOSIS

Cystinosis is accompanied by other organ involvement.
Untreated teenagers may develop painful corneal ero-
sions, peripheral corneal neovascularization, punctate,
filamentous or band keratopathy, iris crystals and retinal
degeneration[47’48]. In addition, impairment of endoctinal
glands is reported, including hypothyroidism, IDDM
and hypogonadism. Cystinosis could be accompanied by
encephalopathy, stroke-like episodes, benign intracranial
hypertension and rnyopathy[%]. A novel truncating muta-
tion has been described with recognizable heart malfor-
mations in Egyptian families*”.

DIAGNOSIS OF CYSTINOSIS

Cystinosis is an autosomal recessive disease that should
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be suspected in all patients with failure to thrive and signs
of renal Fanconi syndrome. After one year of age, the
observation of cystine crystals in the cornea is pathog-
nomonic for cystinosis; however, the absence of the
crystals beyond the age of 2 years excludes the diagnosis.
Detection of elevated intracellular cystine content is the
cornerstone for the diagnosis. The methods for cystine
determination differ depending on the cell type: mixed
leukocyte preparation or polymorphonuclear leukocytes.
Furthermore, several biochemical methods are cutrrently
used for cystine measurement, such as a cystine-binding
assay, amino acid chromatography or high performance
liquid chromatography, making it difficult to compare the
results of different laboratories™.

The cystine-binding assay has been used as a standard
method for cystine measurements for years. However, at
present, most laboratories have switched to other meth-
ods of detection because of the lower price and avoid-
ance of radioactivity. In this respect, tandem mass spec-
trometry is the most sensitive method and is currently
widely used for cystine determination in cystinosis. Each
laboratory performing cystine measurements should
provide their own reference values for patients at the
time of diagnosis and also for heterozygotes and healthy
subjectsm. Prenatal diagnosis of cystinosis can also be
made by measuring 35S-labeled cystine accumulation in
cultured amniocytes or chorionic villi samples (CVS) and

. . 52
by a direct measurement of cystine in uncultured CvsH,

TREATMENT

All patients with cystinosis should avoid sun exposure be-
cause of photophobia and the risk of dehydration. The
specific therapy for cystinosis is cysteamine. It depletes
lysosomal cystine content by a disulfide exchange reac-
tion with cystine. The administration of cysteamine at
1.3-1.9 g/m” in four daily doses dramatically lowers the
cystine content of the lysosomes, postpones or even pre-
vents the deterioration of renal functions and the devel-
opment of extra-renal complications. Furthermore, cys-

teamine treatment improves growth™ ", Tt could be used
also topically for the eye™. Cysteamine should be ad-
ministered as soon as the diagnosis of cystinosis is made
and continued for life, even after renal transplantation, to
protect the extra-renal organs. Recently, a prodrug long
acting cysteamine has been introduced to overcome some
side effects of the old preparations™.

In addition, symptomatic therapy, including good
nutrition, fluid and electrolyte balance and treatment of
rickets, is indicated. A follow up schedule is mandatory,
including growth monitoring, slit lamp and fundus exam-
ination. White blood cell cystine measurements are also
needed for adapting the cysteamine dose. In addition,
yearly check-ups by an endocrinologist and neurologist
are required to monitor the extra-renal complications of
the disease™

An experimental study using CTNS-knockout mice
demonstrated a beneficial effect of syngeneic bone mar-
row and hematopoietic stem cell transplantation on cys-
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Table 2 Summary of mutation variants of C7NS gene and

with its phenotypic correlation

Phenotype Mutation
Five nephropathic: CTNS, GLY95TER and CTNS,
3 by Town et al™ 2-BP DEL, 397TG"™, CTNS,

TRP138TERP*”!,
CTNS, GLY169ASP and CTNS,
5-BP DEL, NT545!,
CTNS, 4-BP DEL, 18GACT™*!,

CTNS, 57-KB DEL"", originally
1[58]

2 forms by Shotelersuk et al™!

Two nephropathic forms in adoles-
cents
reported by Town et a
65-kb deletion
CTNS, VALA2ILE, CTNS, IV-
S7AS, C-G, 10"
CTNS, IVS10AS, C-G, -3, CTNS,
GLY197ARG™
CTNS, -295G-C'*"
CTNS, -303G-T, CTNS, 1-BP INS,
3037

asa
Two atypical nephropathic

Two ocular non-nephropathic
Three forms by Phornphutkul et al'*’
Nephropathic

Ocular non-nephropathic

Nephropathic CTNS, GLY339ARG"!
Adolescent nephropathic CTNS, ASN323LYS"!
Atypical nephropathic CTNS, GLY110VAL"*?

Adolescent nephropathic Atypical CTNS, SER139PHE"!

nephropathic

tine accumulation in various organs and on renal function

survival, emphasizing the novel potential therapeutic pos-
oo .S . 57

sibilities for cystinosis patients”’.

MOLECULAR VARIANTS
The responsible gene (CTINS gene) that encodes the ly-

sosomal cystine carrier cystinosin was cloned in 1998 and
is located on the short arm of chromosome 17 (pl3)[58].
Molecular analysis of the CTINS gene allows early di-
agnosis and can be used for prenatal diagnosis of the
disease. Since the cloning of CTNS in 1998, over 90 mu-
tations have been reported, with a detection ratio close to
100%"*"). The most common mutation accounting for
approximately 75% of the affected alleles in Northern
Europe is a 57-kb deletion, affecting the first 10 exons of
CTNS". A genotype-phenotype correlation related to
the clinical forms of cystinosis was observed, with severe
truncating mutations mostly found in patients with the
infantile form of the disease and at least one mutation in
patients with intermediate or adult cystinosis. However,
several unexplained exceptions were reportedm].

Selected examples of allelic variants of the CTINS
gene are listed in Table 2, with some phenotypic correla-
tions. Recently, we described a novel G > A substitution
in exon 10 of the CTNS gene (c.734 G > A) causing a
nonsense truncating mutation (TGG > TAG) due to pre-
mature stop codon at position 245 of cystinosin protein
(p-W245X). Two patients were diagnosed as homozygous
for this mutation, whereas their parents were heterozy-
gous. The patients ran a severe infantile nephropathic
course and have recognizable heart malformations in the
form of ventricular and atrial septal defects in one case
and mild mitral and aortic incompetence in the other™,

Five different forms of CTINS gene mutation were

K
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associated with nephropathic cystinosis™: (1) a gly95-
to-ter mutation; (2) a 2-bp deletion of the CTNS gene:
a deletion of TG at 397/399 resulted in a stop codon at
the site of the mutation; (3) a (TGG-to-TGA) transition
was detected at nucleotide 753 resulting in a trp138-to-
ter non-sense mutation; (4) a deletion of four nucleotides
(GACT) was found at nucleotide 357 of the CINS gene.
This resulted in a frameshift and premature termina-
tion; and (5) a 65-kb deletion that removes the first 10
exons of CTNS gene®™. The fifth mutation (65-kb del)
was originally reported by Town ez a/™ to be the most
common form of CTNS gene responsible for nephro-
pathic cystinosis. This deletion was modified to be 57-kb
rather than 65-kb after sequencing 200kb surrounding
the CTNS genem. This mutation was found in a homo-
zygous state later™*. A FISH method was developed,
permitting cytogenetic laboratories to test for the 57-kb
deletion™. A compound heterozygosity for the 57-kb de-
letion was found with a (928G-A) transition, resulting in
a glycine to arginine substitution at codon 197 and with
a (416C-T) transition in the CTINS gene, resulting in a
ser139-to-phe respectively[45’65].

Among seven missense mutations, two mutations
were linked to the nephropathic form: (1) a gly169-to-asp
substitution; and (2) a 5-bp deletion starting at nucleotide
545 resulting in an (I69R) amino acid substitution and a
stop codon at position 73 of the CTINS genem.

Attard e al’” found different forms of mutations with
different presentations. They found a (G > A) transition
in the CTINS gene, resulting in a val42-to-ile substitution
in the non conserved region toward the N terminus. This
mutation was consistent with a milder phenotype. In ad-
dition, they identified an intronic mutation of the CTNS
gene, a (C > G) transversion at nucleotide (801-10) in a
patient with adolescent cystinosis.

For ocular non-nephropathic type, a (G > A) transi-
tion at nucleotide 928 was found, resulting in a glycine
to arginine substitution at codon 197 (G197R). In addi-
tion, a (C > G) transversion was reported at the -3 posi-
tion of the acceptor splice site of IVS10 of the CTINS
genem]. Phornphutkul ez al* identified heterozygosity
for a (G197R) mutation and a promoter mutation, a (G
> T) transversion at nucleotide 303 in the CTINS gene.
In addition, they identified heterozygosity for a (G197R)
mutation and a promoter mutation, an insertion of a
single base (T) after position -303 in the CTNS gene.
Phornphutkul ez 2/* and Rupar ez a/™ found mutations
linked to the classic form of nephropathic cystinosis. The
former identified heterozygosity for a 57-kb deletion and
a promoter mutation, a (G > C) change at nucleotide 295
involving the Sp-1 regulatory element in the CTINS gene.
The latter identified a (G > A) transition at nucleotide
1354. This transition resulted in a glycine-to-arginine sub-
stitution at residue 339 (G339R)".

For adolescent nephropathic variant, Thoene e# al™
identified homozygosity for a (1308C-G) mutation in
the CTINS gene, resulting in the substitution of lysine
for the conserved asparagine at position 323 (N323K).
In two unrelated Spanish patients with juvenile-onset

November 6, 2013 | Volume 2 | Issue 4 |



nephropathic cystinosis, Macfas-Vidal ez al* identified
a compound heterozygosity for a (416C-T) transition in
the CTINS gene and a 4-bp deletion, resulting in a ser139-
to-phe (S139F) substitution and a 57-kb deletion respec-
tively.

In a patient who had atypical nephropathic cystinosis
(presenting with Fanconi syndrome and end-stage renal
disease but surprisingly without extra renal symptoms
even late in life), a gly110-to-val (G110V) mutation was
detected in the N-terminal region of the CTNS genem.

GENETIC COUNSELING FOR A
PREVENTIVE STRATEGY

As cystinosis is an autosomal recessive disease, parents

of a proband are obligate heterozygotes and thus carry
one mutant allele, the heterozygotes (carriers) are asymp-
tomatic. Genetic counseling is a method of prevention
of recurrence. Recurrence risk is estimated for each sib
of an affected individual to be a 25% chance of being
affected, a 50% chance of being an asymptomatic carrier
and a 25% chance of being unaffected and not a carrier.
Once an at-risk sib is known to be unaffected, the chance
of him/her being a cartier is 2/3. However, offspring of
a proband are obligate heterozygotes for a mutant allele
for CIINS gene. Carrier detection has been done in two
Egyptian families with reported cases of cystinosis, both
biochemically, using freshly prepared leukocytes, and mo-
lecularly, defining disease-causing mutations. Marriage of
obligate carriers was prevented in one family to prevent
the overall disease incidence among these suffering fami-
lies. With the definition of mutation-causing cystinosis in
a target family, we succeeded in preventing recurrence of
the disease through the use of pre-implantation genetic
diagnosism].

The optimal time for determination of the genetic
risk, clarification of carrier status and discussion of the
availability of prenatal testing is before pregnancy. It is
appropriate to offer genetic counseling (including dis-
cussion of potential risks to offspring and reproductive
options) to young adults who are affected, carriers or at
risk of being carriers. Women with cystinosis have had
successful pregnancies resulting in healthy newborns;
however, the potential teratogenic effects of cysteamine
on fetuses have not been studied in humans. No data on
fertility in males with cystinosis exists; however, sper-
matogenesis in testicular biopsies was sufficient. Cryo-
preservation of sperm could be considered in affected
males'".

Prenatal diagnosis allows for early detection of dis-
eases and early cysteamine treatment. This is very impoz-
tant in delaying the onset of renal failure and other com-
plications in cystinosis. In addition, it allows for an early
link to cystinosis supporting groups that play important
roles in supplying them with unavailable medications and
P47 Prenatal testing includes both biochemical and
molecular tools: (1) Biochemical testing based upon the

tests
measurement of cystine concentrations in either chori-
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onic villi obtained at approximately 10-12 wk gestation
by CVS or amniocytes obtained by amniocentesis usu-

ally performed at approximately 15-18 wk gestation

and (2) Molecular genetic testing is possible by analysis
of DNA extracted from fetal cells obtained either by
amniocentesis usually performed at approximately 15-18
wk gestation or CVS at approximately 10-12 wk gesta-
tion. Both disease-causing alleles of an affected family
member must be identified before prenatal molecular

testing[54’72]. To sum up, using these advanced optimal

methods, obligate carrier parents of CTNS gene mutant
alleles could be helped to have normal asymptomatic

offspring,
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Abstract

Primary focal and segmental glomerulosclerosis (FSGS)
may be due to genetic or acquired etiologies and is a
common cause of nephrotic syndrome with high morbid-
ity that often leads to end-stage renal failure. The differ-
ent available therapeutic approaches are unsuccessful, in
part due to partially deciphered heterogeneous and com-
plex pathophysiological mechanisms. Moreover, the term
FSGS, even in its primary form, comprises a histological
description shared by a humber of different causes with
completely different molecular pathways of disease. This
review focuses on the latest developments regarding
the pathophysiology of primary acquired FSGS caused
by soluble factor urokinase type plasminogen activa-
tor receptor, a circulating permeability factor involved in
proteinuria and edema formation, and describes recent
advances with potential success in therapy.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Primary acquired focal and segmental
glomerulosclerosis; Soluble factor urokinase type
plasminogen activator receptor; Proteinuria; Podocyte;
Plasmin
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Core tip: Primary acquired focal and segmental glomer-
ulosclerosis is a frequent cause of nephrotic syndrome
with no specific treatment. New discoveries in its patho-
physiolohy have revealed that a podocyte permeability
factor named soluble urokinase plasminogen activator
receptor (SUPAR) may be involved in the development
of proteinuria and edema formation. This effect is sup-
posed to be achieved by its interaction with podocyte
integrins and subsequent cell contraction. Moreover,
SUPAR also activates water and sodium retention in this
disease. Interestingly, plasmin mediates both effects.
Amiloride is postulated to interfere with suPAR protein-
uric actions.

Trimarchi H. Primary focal and segmental glomerulosclerosis
and soluble factor urokinase-type plasminogen activator recep-
tor. World J Nephrol 2013; 2(4): 103-110 Available from: URL:
http://www.wjgnet.com/2220-6124/full/v2/i4/103.htm DOI:
http://dx.doi.org/10.5527/wjn.v2.i4.103

INTRODUCTION

Focal and segmental glomerulosclerosis (FSGS) is a
major cause of chronic kidney disease in children and
adults"™”. Tt can occur as a primary disorder (called pri-
mary acquired FSGS), as a consequence of genetic muta-
tions in podocyte-specific proteins (also called primary
genetic FSGS) or as a secondary disorder™. In recent
years, much of the progress obtained in unraveling the
pathophysiological events in FSGS has been focused
primarily on the identification of genetic mutations
of membrane and podocyte slit diaphragm proteins
and on immune factors, but the real identity of the
primary acquired variant apparently caused by circulating
permeability factors remains elusive. In this regard, the
role of these permeability factors in the pathogenesis
of proteinuria has also shown progress in recent years.
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Molecule Structure Molecular weight (kDa) Location Action
uPA Approximately 54-57 Blood Vitronectin
Q Urine Plasminogen

Urokinase
Chymotrypsin

uPARm Approximately 55-60 Bound to Adhesion

(CD87) membrane Migration
Convesion of plasmin

uPARu--m Approximately 45-50 Bound to membrane ?

suPAR-m ( Dp o Approximately 55-60 Soluble Bind to a5B3 integrin
Bind to uPAR

suPARw-m | Approximately 40-45 Soluble ?

suPARi Approximately 16 Soluble ?

———————— : Linking part; O : Domain;— : Anchoring glycosylphosphatidylinosi

tol.

Figure 1 Differences in urokinase-type plasminogen activator, urokinase-type plasminogen activator receptor and soluble urokinase plasminogen activa-
tor receptor (modified from reference number 18). Di: Domain 1; Du: Domain 2; Dm: Domain 3. uPA: Urokinase-type plasminogen activator;

suPAR: Soluble urokinase plasminogen activator receptor.

The soluble factor urokinase type plasminogen activator
receptor (suPAR) has become one of the most studied
permeability factors with potential involvements in FSGS.
It is supposed to be responsible for the contraction
of podocytes and its eventual detachment from the
glomerular basement membrane, denuding it and causing
proteinuria in the majority of primary acquired cases of
FSGS". However, this phenomenon is not shared by
others, who question whether elevated levels of suPAR
are indeed pathogenic, or just a mere marker of a split
urokinase-type plasminogen activator (uPAR) (CD87)
molecule. Moreover, in other clinical situations in which
suPAR is elevated, proteinuria does not occur ™. It is not
a specific marker of FSGS, as in other glomerulopathies
suPAR levels are also high; in addition, after FSGS post-
transplant recurrence elevated suPAR levels are not
always encountered””. Finally some authors state that is
not the plasmatic but the urinary presence of suPAR the
real culprit of primary acquired FSGS".

Biological aspects of uPAR and suPAR

Urokinase receptors, expressed on the cell surface of
various cells, are committed to the pericellular proteolysis
of plasminogen, are essential for the remodeling of the
extracellular matrix, and are involved in vasculogenesis
and cell migration processeslmj. The urokinase receptor,
also known as uPAR (urokinase-type plasminogen
activator) is a membrane bound protein linked to glycosy
Iphosphatidylinositol (GPI) of about 45-55 kDa (Figure
1" UPAR consists of three domains (D1, Dn and D
m) and is present in various immunologically active cells,
including monocytes, macrophages and activated T cells,
and also in endothelial cells, keratinocytes, fibroblasts,
smooth muscle cells, megakaryocytes, certain cells tumor,
podocytes and renal tubular cells"™*"™. Tt therefore follows
that suPAR is not a specific marker, although in the
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context of high circulating levels in a nephrotic patient
with FSGS, it suggests a leading role as a permeability
factor™. UPAR can be cleaved not only at the portion
of the GPI-anchored protein to the cell membrane, but
also in the inner part of the receptor itself (for example,
in the connection region between DI and Du-m), giving
rise to various soluble forms of suPAR with different
molecular weights (Figure 1). The most common form of
soluble suPAR originates from the cleavage and release
of membrane-bound uPAR, detaching the membrane
anchoring compound GPI, and is present in plasma,
urine and cerebrospinal fluid in different concentrations
depending on the level of activation of the immune
system! (Figure 1). It has also been documented the
existence of the whole molecule of suPAR in serum
from healthy individuals and of two truncated soluble
forms of the entire molecule (suPAR: and suPARu-m) in
the urine™ (Figure 1).

Physiology of uPAR and suPAR

UPAR can be activated by various molecules, such
as uPA (urokinase-type plasminogen activator, or
simply urokinase), plasminogen, chymotrypsin, various
metalloproteinases and some elastases” ", Studies
are generally based on the action of these molecules
on the uPAR, but as SuPAR barely shares the same
structure as uPAR, these proteases are also likely to
cleave suPAR fragments. Furthermore, once activated,
suPAR or uPAR are capable of catalyzing the conversion
of plasminogen to plasmin, an important molecule
in fibrinolytic processes and in the activation of
several matrix metalloproteinases, in the recycling and
degradation of the extracellular matrix, in cell activation,
migration, contraction, vasculogenesis and in vitronectin
degradation“o’m32
plasma, on the podocyte surface or in renal distal tubular

|, This phenomenon may occur in
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DISTAL
TUBULE
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Figure 2 Potential pharmacological strategies in primary acquired focal and segmental glomerulosclerosis. Potential strategies. 1: Inhibition of soluble urokinase
plasminogen activator receptor (SuPAR) or other permeability factors secretion onto circulation or a decrease in the pool of suPAR secreting cells (immunosuppression); 2:
SuPAR or other permeability factors removal from the circulation (plasmapheresis, immunoadsorption); 3: Inhibition of uPAR activation; 4: Plasmin antagonists 5: Stabilization
of podocyte and slit diaphragm proteins (immunosuppression, angiotensin converting enzyme inhibitors, angiotensin receptor blockers); 6: Endothelial protectors; 7: Plasmin-
integrin coupling inhibitors (monoclonal antibodies, amiloride); 8: Plasmin-tubular ENa+C inhibitors (amiloride). GBM: Glomerular basement membrane.

cells"*'" (Figure 2).

SuPAR whole molecule ( suPARwm) consists of three
domains (D1, D and Dm) of uPAR , as mentioned previ-
ously but lacks the GPI anchor protein; however, the I-1II
portion of suPAR can compete with uPARtm for Upa"™
(Figure 1). Another agonist of UPAR is vitronectin, the
main antagonist of plasminogen activator inhibitor type-1
(PAI-1), the most important physiological inhibitor of tis-
sue plasminogen activator and urokinase (uPA)"". Thus,
vitronectin can accomplish its adherent and fibrinolytic
actions increasing plasminogen and plasmin levels by two
independent pathways: blocking PAI-1 and activating
uPAR. Furthermorte, vitronectin achieves its adherent ac-
tion to the cell matrix through integrins, particularly those
that possess the a5 domain"". While this point will be
addressed below, it is worth to mention that patients with
nephrotic syndrome present elevated serum levels of
plasminogen and plasminM. In turn, after being filtered,
urinary plasminogen is converted to plasmin by podocyte
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or distal renal tubular epithelial uPA/uPAR; at this distal
location, plasmin has been reported to function as a regu-
lator of water and sodium absorption, a key event in the
pathogenesis of edema in nephrotic syndrome, and also
as a mediator in calcium tubular transport!™*>*,

Cell migration across the endothelium and into tis-
sues is a critical component in inflammation, in immune
responses against infections, and in tissue repair and re-
modeling after injury. The UPA/uPAR system is directly
involved in these mechanisms of adhesion, migration and
chemotaxis"™"". For example, the adhesion and migration
of monocytes involves a functional interaction between
cellular uPAR and matrix integrins”” and in uPAR-depen-
dent changes in integrin-mediated adhesion to fibrinogen,
collagen and vitronectin**". It is known that uPAR is
needed to activate the integrin o533 in podocytes, which
promotes cell motility and activation of small GTPases
that control cell division, as Cdc4240. If a5B3 integtin is
activated, the podocyte contracts and proteinuria ensues.
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However, it is believed that suPAR has inhibitory proper-
ties on adhesion uPAR dependent migration but not on
cell contraction. Thus, it would be able to interact with
a5PB3 integrin, vitronectin or plasrnin”s’w. Finally, it has
been shown that suPARu-m is 2 chemotactic agentw’m,
and its circulating levels reflect the activation status of

the immune system'"”.

SUPAR and the pathophysiology of FSGS

Abnormally high circulating levels of suPAR have been
associated with the pathogenesis of acquired primary
FSGS, since approximately two thirds of patients with
acquired FSGS have increased circulating levels of su-
PAR[(’]; suPAR would then bind to and activate o5B3
integrin in podocytes by a lipid-dependent mechanism o
leading to alterations in the morphology and dynamics
of the metabolism of podocytes and foot process ef-
facement, detachment and podocyturia, finally resulting
in proteinuria and the beginning of glomerulosclerosis,
nephrotic syndrome and renal insufficiency ",

What is the cellular origin of this increased membrane
uPAR and circulating suPAR in FSGS? Wei ez al" sug-
gest that neutrophils and monocytes may be culprits, but
another possibility lies in circulating lymphocyte T' cells,
since there is an association between T-cell activation and
systemic proteinuria. In turn, as mentioned previously,
not in all cases of idiopathic acquired FSGS circulating
levels of suPAR have been increased. This is another
confirmation that the mere histologic FSGS description
is not a disease but a form of kidney damage character-
ized by common histopathological features but with
completely different pathophysiological pathways. Even
within the primary FSGS scenario, and even more, within
the primary FSGS circulating factors, more than one
peptide may cause damage to the glomerular basement
membrane. In this regard, other described permeability
factors are angiopoetin-4 and vascular endothelial growth
factor (VEGF), both secreted by the podocyte, operat-
ing in autocrine or paracrine fashions™™ ™. In addition,
plasma and urinary levels of CD80 from T cells due to a
lymphocyte-podocyte interaction, are elevated in primary
acquired FSGS; CD80 could potentially contribute to the
diagnosis and serve as a potential marker of damage in
FSGS, being another potential tool to help distinguish
clinically primary FSGS from minimal change nephropa-
thy at the initial steps of the disease. In minimal change
nephropathy, hemopexin may be the main permeability
factor*™*". Another molecule that has been identified in
primary acquired recurrent FSGS is CLC-1 (cardiotrophin
type-1 cytokine), a member of the family of interleukin
(IL)-6, and which is present in the plasma of patients
with active disease. CLC-1 decreases the expression of
nephrin in glomeruli and cultured podocytes, and CL.C-1
concentration in the circulation of patients with recur-
rent FSGS can be up to 100 times higher than in normal
subjectsm‘. To make matters more difficult to understand
in primary acquired FSGS, suPAR activity has been iden-
tified in recurrence after kidney transplantation in some
patients with concomitant genetic mutations in podocyte
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4950 One can only speculate on the relationship

proteins
between mutations and the coexistence of podocyte
permeability circulating factors in this setting, It may be
that the occurrence of both phenomena is attributable
just to mere coincidence, or that genetic abnormalities in
podocytes may cause subsequent structural local damage
and inflammation inducing leukocyte stimulation via the
uPAR, ending with the secretion of molecules with per-
meability actions, giving rise to severe kidney recurrent
disease™.

Is there any relationship between the etiology of
minimal change nephropathy and that of primary fo-
cal segmental sclerosis? If FSGS is of genetic origin,
the link would be none. If chronic minimal change ne-
phropathy leads to an inflaimmatory state that induces
focal sclerosis histological changes, this morphology
would be of secondary origin and have no connota-
tion with primary acquired FSGS. If a causal factor it
is to be established as a primary permeability factor in
minimal change nephropathy, hemopexin would be the
first candidate. Hemopexin is a protease which activates
protein kinase B and the small GTPase RhoA (ras ho-
molog gene family, member A) and induces a nephrin-
dependent reorganization of the actin cytoskeleton in
cultured podocytes®"; reduces endothelial glycocalyx and
increases the albumin diffusion through glomerular en-
dothelial cell monolayers®", Hemopexin injection in rats
causes proteinuria and glomerular changes characteristic
of minimal change nephropathy[48’52]. Another candidate
1s vascular permeability factor (VPF). VPF is a lympho-
kine that is produced by T lymphocytes stimulated by
concanavalin A of patients with idiopathic nephrotic
syndrome. VPF acts on systemic capillary glomerular
basement membrane””. Tts secretion is enhanced by
IL-2, 1L-15, IL-12, and IL.-18 is inhibited by transform-
ing growth factor—ﬁ”w and causes a histological damage
identical with minimal change nephropathym]. Whether
two or more factors such as the suPAR permeability can
coexist in these situations has not been reported. Finally,
in the early course of idiopathic nephrotic syndrome,
histological changes may not be present even at the
ultrastructural level, in turn making more problematic
and difficult the distinction between minimal change ne-
phropathy and primary FSGS. The histology of primary
FSGS caused by a permeability factor compared to that
caused by a mutation (podocytopathy) is indistinguish-
able at early stages, although in the latter focal ultrastruc-
tural microscopic damage may be seen first. Moreover,
none of the permeability factors mentioned in the case
of minimal change nephropathy or FSGS are currently
measured in clinical grounds. In the future, samples of
blood or urine may be part of a diagnostic panel.

Treatment of FSGS

As to treatment, to date no randomized controlled tti-
als of sufficient numbers of patients are available to
provide robust information so as to guide us in the
treatment of primary FSGS in native kidneys or in re-
nal allografts. Current treatment results in complete or
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partial remissions in approximately 50% of cases. Treat-
ment approaches that have been used to date include
corticosteroids with or without cyclophosphamide[55’56]
cyclosporine[sﬂ, rnycophenolateﬁg], rituximab””*"! and
plasmaphresisml’&]. When proteinuria is reduced by these
agents or by non-specific drugs as angiotensin convert-
ing enzyme inhibitors, angiotensin Il receptor blockers,
statins, antiaggregants and/or reduction of salt intake,
the progression of renal dysfunction is slowed >,
Regardless of the debates that arise about the true etiol-
ogy of nephrotic syndrome in primary FSGS, current
and proposed therapies include strategies such as the
identification and reversal of the primary cause of renal
injury (usually not possible), the decrease in proteinuria
by interventions related to hemodynamic factors, and re-
tarding renal fibrosis by the action of nonspecific agents
(Figure 2).

In a study by Wei e# 4l in which blood samples of
164 pediatric and adult patients with primary steroid-
resistant FSGS were analyzed and suPAR concentrations
were measured, the main conclusions arrived by the au-
thors were that circulating suPAR levels were significantly
clevated in most patients with primary FSGS in both
groups; 84.3% of patients in the American cohort (CT)
and 55.3% of those belonging to the European group
(PodoNet) had clevated suPAR levels; high suPAR levels
were not associated with systemic inflammatory phenom-
ena according to C-Reactive Protein titers as did not dif-
fer from controls, treatment with mycophenolate/dexa-
methasone was associated with lower circulating suPAR
levels in comparison to those treated with cyclosporine
A; a sustained decrease in suPAR levels over the course
of 26 wk of treatment was associated with a reduction
in proteinuria and more likely to accomplish complete
remission; suPAR serum levels were higher in the familial
cases, including those with a genetic disorder, as in the
diagnosis of a podocin mutation (podocytopathy in co-
existence with elevated suPAR levels)"”. The fact that in
15%-45% of patients in both groups had normal levels
of suPAR shows that primary FSGS is a heterogeneous
disorder which additional factors contributing to the re-
nal damage and to proteinuria. It is possible that patients
with primary FSGS express higher levels of suPAR in
response to a certain pathological stimulus with indepen-
dent features or related to a primary inflammatory insti-
gator[(’].

An agreed cut-off level of suPAR is another con-
troversial issue. Gao ef a/*” proposed 3000 pg/mL as
the cut-off level for the population with primary FSGS,
since in a previous study of a normal population the cut-
offs level was set at 2710 pg/mL. As therapies, chronic
plasmapheresis and plasma adsorption of suPAR are sup-
porting treatments that can help maintain normal suPAR
blood levels, which would lead to lower podocyte dam-
age and partial resolution of nephrotic syndrome with a
possible slowing of progression to renal failure!™™, Cy-
closporine may be useful to stabilize the podocyte by in-
hibiting synaptopodin dephosphorylation; therefore, syn-
aptopodin interaction with actin would be blocked, and
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the podocyte contraction abrogated”. Salomon et al

found cyclosporine trough levels between 250 and 300
ng/mL suffice to obtain a rapid remission in proteinutia

(average intravenous dose 3 mg/kg pet day)", although

the treatment is generally cyclosporine-dependent and

may lead to chronic renal damage[ﬁsm. Rituximab may be

another option in refractory cases, not only due to its ac-
tion by decreasing the population of CD20 lymphocytes,
but also because it would bind other podocyte molecules
as protein SMPDL-3b (sphingomyelin phosphodiesterase
acid-like 3b). In primary FSGS, this molecule (acting on
the remodeling of podocyte actin) is decreased. Ritux-
imab levels would increase SMPDIL.-3b concentrations,

stabilizing the podocyte!".

Novel aspects with potential targets

A recent study has shown that podocyte uPAR expres-
sion can be reduced using amiloride. Amiloride plays
a significant role in reducing podocyte cell motility in

. . . . 7 . . . .
vitro and proteinuria in mice™. Amiloride inhibits the

synthesis of uPAR and uPAR mRNA and consequently
the a5B3 integrin activation mediated by uPAR. The
reduced uPAR pool would translate in a lower suPAR
concentration. Amiloride capacity to inhibit uPAR syn-
thesis and suPAR secretion by T lymphocytes should be
of particular interest in FSGS, because blocking their
activation would inhibit o533 integrin activation and
the development of proteinuria with final renal dysfunc-

: 16,73 . .
tion""”, Furthermore, amiloride may further decrease

proteinuria by acting on the distal nephron in ENaC
channels, as nephrotic range proteinuria stimulates the
activity of these channels by promoting the reabsorption

of sodium and water"'”. Tubular plasmin, already high in

patients with nephrotic syndrome, would act as the me-
diator in sodium and water reabsorption and amiloride

may inhibit its action by blocking uPAR!"72T (Figure

2). This would be another additional and relevant non-
immunosuppressive strategy contributing to the fall in
proteinuria, if tolerated hemodynamically and no hyper-

kalemia ensues.

CONCLUSION

In summary, these observations aim to explain the possi-
bility that circulating suPAR is the most prominent factor
in the pathophysiology of primary acquired FSGS due to
the encountered high levels in blood and urine, activating
o5PB3 integrin, contracting the podocyte and causing the
proteinuria, and acting on the water and sodium reab-
sorption at the distal tubular. Moreover, it explains the
importance of urokinase and its receptor uPAR play in
cell adhesion and migration, being plasmin the final ef-
fector. Whether suPAR causes a rise in plasminogen and
plasmin levels, and the consequent final action on the
podocyte integrins and renal distal tubular cell, in primary
acquired FSGS both proteinuria and edema would have
suPAR as the trigger for plasmin activation, a final effec-
tor, and amiloride as a potential novel adjunct antipro-

teinuric agent in this complex nephropathy.
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Abstract

Diabetes mellitus (DM) is associated with increased
oxidative stress due to elevated glucose levels in the
plasma. Glucose promotes glycosylation of both plasma
and cellular proteins with increased risk for vascular
events. Diabetic patients suffer from a higher incidence
of cardiovascular complications such as diabetic ne-
phropathy. Haptoglobin (Hp) is an antioxidant plasma
protein which binds free hemoglobin, thus preventing
heme-iron mediated oxidation. Two alleles exist at the
Hp gene locus (1 and 2) encoding three possible Hp
genotypes that differ in their antioxidant ability, and
may respond differently to vitamin E treatment. Several
clinical studies to have shown that Hp 1-1 genotype is
a superior antioxidant to the Hp 2-2 genotype and Hp
2-2 genotype is associated with a higher incidence of
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cardiovascular disease. Vitamin E was found to have
beneficial effect in patient and mice with Hp 2-2 geno-
type. In this review we have summarized the results
of our studies in patients with diabetic nephropathy
treated with vitamin E and in diabetic mice with differ-
ent haptoglobin genotypes.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Haptoglobin; Cardio-vascular complications;
Diabetic nephropathy; Vitamin E

Core tip: In diabetes mellitus there is an increase in oxy-
gen radical formation due to glucose auto oxidation, the
formation of advanced glycosylation end products, and
metabolic stress. Epidemiologic studies suggest that vita-
min E supplementation might decrease the risk of devel-
oping cardiovascular disease, others showed increased
risk of cardiac death with the vitamin E treatment. To
the contradictory results in the literature regarding the
beneficial role of vitamin E in protecting against car-
diovascular complications, high dose vitamin E supple-
mentation has not been recommended by the medical
community. In fact, a meta-analysis of over 135000 indi-
viduals treated with vitamin E concluded that high dose
vitamin E (greater than 400 mg/d) slightly increases the
risk of mortality. However, recent investigations into the
polymorphic serum protein haptoglobin (Hp) indicate
that vitamin E may be beneficial in a genetically defined
subgroup of patients, namely, diabetic patients of the Hp
2-2 genotype. The role of Hp as an antioxidant, its im-
portance in diabetes, and the therapeutic role of vitamin
E will be discussed in this review.

Farid N, Inbal D, Nakhoul N, Evgeny F, Miller-Lotan R,
Levy AP, Rabea A. Vitamin E and diabetic nephropathy in
mice model and humans. World J Nephrol 2013; 2(4): 111-124
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INTRODUCTION

Diabetic Nephropathy (DN) is the leading cause of end
stage renal disease and accounts for approximately 40%
of all patients who require replacement therapy. The
well known risk factors for DN are uncontrolled diabe-
tes mellitus and genetic factors'™?. The inter-individual
variability in the probability for developing DN and its
clustering within families, suggest a substantial genetic
predisposition. Reactive oxygen species, particulatly those
detived from iron, have been implicated in the progres-
sion of DN and other vascular complications of diabetes.
Therefore, polymorphic genetic loci, encoding variants in
enzymes protecting against iron-induced oxidative stress,
serve as potential susceptibility determinants for the de-
velopment of DN, Diabetes is accompanied by severe
oxidative stress (especially lipid per-oxidation) which is
caused by increased oxygen free radical production. Toxic
oxygen free radicals have been implicated in the patho-
genesis of diabetes mellitus, and its micro- and mactro
vascular complications. An imbalance resulting from
the increased production and/or reduced scavenging of
these free radicals, leads to a metabolic state of oxidative
stress, which consequently leads to tissue damage.

One of these protecting factors is the haptoglobin
(Hp). Hp is an acute phase protein synthesized in the
liver by the hepatocytes. It acts as an antioxidant by virtue
of its ability to prevent hemoglobin (Hb) induced oxida-
tive tissue damageH’q. Its synthesis is rapidly and dramati-
cally increased in response to numerous inflammation
stimuli due to a transcriptional activation of the Hp gene.
Whenever Hb is released into the circulation, its binds
immediately to Hp to form an Hp-Hb complex and this
complex is rapidly removed predominately by the mono-
cyte/macrophage CD 163 Hp-Hb receptor expressed on
Kupfer cells in the liver (Figure 1). When Hp is depleted,
as a result of hemolysis or in Hp Knockout mice, Hb
accumulates in the kidney and us secreted in the urine.
Therefore, a major role of Hp is to prevent renal dam-
age™. Two classes of Hp alleles are known in humans
(1 and 2) with homozygous (1-1 or 2-2) and heterozy-
gous (2-1) possible genotypes. The Hp 1 allele contains
5 exons and is found in all animal species while the Hp
2 allele contains 7 exons and exists only in humans, with
polymorphic expression using the two classes of alleles.
Our group has revealed profound differences in the an-
tioxidant capacity of the protein product of the two Hp
alleles and has demonstrated that these differences are
exaggerated in the diabetic state. Studies, both 7 vivo and
in vitro, have shown that the Hp 1 protein has superior
antioxidant capacity compared to the Hp 2 protein[q’m]
(Figure 2).

Vitamin E is a fat-soluble vitamin with antioxidant
properties. Vitamin E exists in eight different forms
(isomers): alpha-, beta-, gamma-, and delta-tocopherol;
and alpha-, beta-, gamma-, and delta-tocotrienol. Alpha-
tocopherol is the most active form in humans. Dosing
and daily allowance recommendations for vitamin E are
often provided in alpha-tocopherol equivalents to ac-
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Figure 1 Hemoglobin-haptoglobin complex clearance by macrophage
CD163 receptor. Hp: Haptoglobin; Hb: Hemoglobin; MC-SF: Macrophage
colony-stimulating factor; IL: Interleukin.

count for the different biological activities of the various
forms of vitamin E, or in international units (IU), which
food and supplement labels may use. Due to its antioxi-
dant properties, Vitamin E has been proposed to have a
role in preventing or treating numerous health conditions,
often by its antioxidant properties. When highly-reactive
species attack the membranes lipids or the lipoproteins, it
sets off a chain reaction of lipid per oxidation. Vitamin
E halts this chain reaction, eg., it thereby acting as a chain
breaking inhibitor of lipid per oxidation' "',

In patients with type 1 diabetes mellitus (DM), the
most important renal structure changes occur in the
glomeruli: In these patients, diabetic glomerulopathy is
characterized by increased glomerular basement mem-
brane (GBM) width and mesangial expansion with reduc-
tion in the glomerular filtration surface area. Concomi-
tantly, the renal arterioles, tubules and interstitium also
develop lesions. Early stage of diabetic nephropathy is
associated with the development of glomerular hyperfil-
tration, hyperalbuminuria, thickening of the GBM, me-
sangial expansion, and progressive decline in glomerular
filtration rate. Fioretto e a/™”' also described proximal
tubular basement thickening with atubular glomerular
junction. When renal insufficiency ensues with protein-
uria and hypertension, glomerulosclerosis and fibrosis
develops. Although animal models with diabetes mellitus
type 1 and 2 are exist, no single animal model develops
glomerular and tubular changes identical to those seen
in humans. While the field of diabetic nephtropathy has
made much progress in understanding the disease pro-
cess and its progression, only limited success has been
attained. One reason for this is the inability to develop a
murine model of diabetic nephropathy with the spectrum
of micro- and mactrovascular complications similat to hu-
man disease.
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Antioxidants have been shown to play a beneficial
role in the prevention of the diabetic complications.
Diabetes is a good model of chronic oxidative damage
and it is a particularly suitable disease for antioxidant
supplementation. It was found that there is a significant
correlation between the increased blood sugar levels and
the depletion of the antioxidants has been found. This
depletion was a major risk factor for developing diabetic
complications, and antioxidant supplementation (vitamin
E, C) could decrease this risk. Nevertheless, only a few
studies have shown the impact of the antioxidant therapy
in diabetic patients. According to these facts, the present
review will evaluate the role of antioxidant supplementa-
tion along with the standard diabetic therapy in the pre-
vention of diabetic complications!*'",

AIMS OF THE REVIEW

Aims of the review: (1) to evaluate the role of vitamin E
therapy in preventing the development of complications
in diabetic patients (primary prophylaxis); (2) to evaluate
the role of the vitamin E supplementation in controlling
the progression of the complications in diabetic patients
(secondary intervention); and (3) to evaluate the role of
the vitamin E supplementation in controlling the pro-
gression of diabetic nephropathy in diabetic mice with
different Hp genotype.

CLINICAL STUDIES OF VITAMIN E

Diabetes mellitus is associated with increased oxygen
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radical formation due to glucose auto-oxidation, the
formation of advanced glycosylation end products and
metabolic stress. Therefore the influence of different an-
tioxidants has been the subject of many studies over the
years. Due to the involvement of low-density lipoprotein
(LDL) oxidation in the pathology of atherosclerosis, nu-
merous studies have been made carried out on vitamin
E, as an antioxidant that has the ability to react with lipid
peroxyl radicals and terminate the propagation of free
radicals. Several observational epidemiologic studies sug-
gest that vitamin E supplementation might decrease the
risk of developing cardiovascular disease (CVD). These
studies have been divided into two categories. The first
includes primary prevention studies involving healthy
people, and the second category comprises secondary
prevention studies involving people with known cardio-
vascular complicationsm’m].

Extensive preclinical and observational studies have
shown the apparent benefit of vitamin E supplementa-
tion in preventing cardiovascular events, created an at-
mosphere in which more than 40% of cardiologists were
routinely prescribing high doses of vitamin E"™ Over
the past 10 years, several prospective randomized clinical
trials including the first randomized controlled trial (RCT)
published by Virtamo ez al™ have investigated whether
vitamin E supplementation provides cardiovascular pro-
tection. The overwhelming consensus from these studies
was that vitamin E supplementation does not provide
cardiovascular benefit.

In the physicians health study, 14641 males over age
50 years were randomized to receive vitamin E (400 TU/d)
and C for 8 years. In this study, no effect was found on
CV death, nonfatal stroke or CVD™. The meta-analysis
of these studies suggests that high doses of vitamin
E and C supplementation may increase mortality, and
several opinion articles have called for a moratorium on
the prescription of high dose vitamin E supplements. A
possible explanation for the failure of these studies in
spite of solid preclinical data is the inadequate nature of
patient selection in these studies.

High-dose antioxidant therapy may provide benefit
only to individuals who suffer from particularly high
levels of oxidative stress. Hence, the Hp genotype may
help identify patients with high levels of oxidative stress
that may benefit from antioxidant therapy with vitamin
E. The Hp gene is polymorphic with 2 common classes
of alleles denoted 1 and 2. We and others have demon-
strated that the Hp 2 allele protein product is an infe-
rior antioxidant compared with the Hp 1 allele protein
product. These differences in antioxidant protection are
profoundly accentuated in the diabetic state resulting in a
marked relative increase in oxidative stress in Hp 2 indi-
viduals with DM (the distribution of the 3 Hp genotypes
in Western societies is approximately 16% Hp 1-1, 36%
Hp 2-2, and 48% Hp 2-1)*".

Our groups, at the Technion-Faculty of Medicine,
have demonstrated an interaction between the Hp geno-
type and DM with regard to the development of cardio-
vascular events. In multiple longitudinal studies Hp 2-2
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Figure 3 Kaplan-Meier plot. A: The composite end point in haptoglobin (Hp)
2-2 Hp diabetes mellitus (DM) individuals allocated to vitamin (Vit) E or Pla-
cebo. Events are cardiovascular death, myocardial infarction or stroke. There
was a significant decrease in the composite end point in the vitamin E group
compared with placebo group (P = 0.01 by Log-Rank); B: The composit end
point in Hp 1-1 and Hp 2-1 DM individuals compared with Hp 2-2 DM individu-
als receiving vitamin E or placebo.

DM individuals have shown 2- to 5-fold increase in car-
diovascular events as compared with Hp 1-1 and Hp 2-1
DM individuals. According to our data we next examined
whether antioxidant therapy with vitamin E may reduce
cardiovascular events in Hp 2-2 DM individuals in the
heart and outcome prevention evaluation (HOPE) study.
For this purpose we have assessed the Hp genotype in
stored blood samples from HOPE and found that in Hp
2-2 DM individual’s vitamin E significantly reduced myo-
cardial infarction and cardiovascular death by 43% and
55%, respectively. However, these data were interpreted
with considerable caution because of the retrospective
nature of this analysis, as well as the inability to dem-
onstrate a statistical interaction between vitamin E and
Hp genotype for either the HOPE composite outcome
(stroke, CVD death, myocardial infarction, MI) or any of
its components. Then, we sought to test the validity of
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these findings in Hp 2-2 DM individuals in a prospective,
double-blind, placebo-controlled trial of vitamin P
(Figure 3).

According to our results vitamin E provides car-
diovascular protection to individuals with diabetes and
the haptoglobin 2-2 genotype but appears to increase
cardiovascular risk in individuals with diabetes and the
haptoglobin 2-1 genotype. We have previously demon-
strated that the haptoglobin protein is associated with
high-density lipoprotein (HDL) and HDL function and
its oxidative modification are haptoglobin genotype de-
pendent. Hence, we set out to test the hypothesis that the
pharmacogenetic interaction between the haptoglobin
genotype on cardiovascular risk might be secondary to
a parallel interaction between the haptoglobin genotype
and vitamin E on HDL function.

Oxidative modification has been proposed to be the
mechanism by which HDL is rendered dysfunctional, and
antioxidant therapy appears to restore HDL functionality.
We therefore sought to determine whether the interac-
tion between vitamin E and Hp genotype on RCT can be
explained by a differential effect of vitamin E on HDL
oxidative modification in Hp 2-1 and Hp 2-2. We have
found that vitamin E supplementation resulted in a 50%
reduction in HDL associated lipid peroxides in Hp 2-2
(0.55 £ 0.10 nmol vitamin E »s 1.07 * 0.19 nmol placebo;
P = 0.003) but had no effect in Hp 2-1.

In order to determine why vitamin E reduced HDL
lipid peroxidation in Hp 2-2 but not Hp 2-1 we have in-
vestigated the effect of vitamin E on the mass or activity
of the antioxidant proteins glutathione peroxidase and
paraoxonase known to be associated with HDL, as well
as the amount of redox-active non-transferrin-bound
iron which has previously been implicated in the oxida-
tion of HDL. While the effect of vitamin E did not reach
statistical significance for any of these measurements it
was associated with an approximately 50% increase in
HDL associated glutathione peroxidase and a 25% reduc-
tion in redox active iron in Hp 2-2, while there was a 3-4
fold decrease in HDL associated glutathione peroxidase (P
= 0.06) and no change in redox active iron in Hp 2.1,

The increase in redox-active iron in Hp 2-2 DM has
been attributed to the impaired clearance of Hp 2-2-Hb
by the CD163 Hp-Hb receptor. The surface expression
of CD163 is regulated by oxidative stress and hyperglyce-
mia. Thus we sought to determine whether the decrease
in redox-active iron in Hp 2-2 DM individuals who re-
ceived vitamin E, may be associated with an increase in
CD163 expression on peripheral blood mononuclear cells
(PBMs). We have observed a trend showing a greater
than 50% increase in CD163 expression in PBMs of Hp
2-2 individuals receiving vitamin E. Vitamin E appeared
to be associated with a 50% reduction in CD163 expres-
sion in Hp 2-1 individuals. In addition to functioning in
the promotion of RCT and preventing the oxidation of
LDL, HDL has been described as having an anti-inflam-
matory function. However, pro-inflammatory biomarkers
such as C3 have been associated with dysfunctional HDL
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in individuals with CVD. We next sought to determine
whether vitamin E would decrease the association of
C3 with HDL in Hp 2-2. We have found that vitamin E
treatment was associated with a borderline significant de-
crease in C3 associated HDL in Hp 2-2 individuals (1.07
+ 0.09 vitamin E 25 1.34 £ 0.20 placebo; # = 25; P = 0.09)
but had no effect on the association of C3 with HDL
in Hp 2-1 (1.08 £ 0.07 »s 1.08 £ 0.07; » = 30; P = 0.99).
This effect of vitamin E on a HDL associated inflamma-
tory marker was not associated with an overall change in
serum markers of inflammation such as CRP and adipo-
nectin.

Collectively, we have provided a plausible mechanism
for the divergent effects of vitamin E therapy on cardio-
vascular risk in DM individuals with the Hp 2-7 and Hp
2-2 genotypes. While vitamin E improves HDL function
in Hp 2-2 DM individuals it decreases HDL function in
Hp 2-1 DM individuals. Structural analysis of HDL in
study participants suggested a similar interaction in which
vitamin E appeared to result in a favorable although non-
statistically significant change was found in a number
of HDL associated oxidative and inflammatory markers
in Hp 2-2 individuals (the decrease in HDL associated
lipid peroxides was statistically significant) while it was
produced no beneficial effect on these markers in Hp 2-1
individuals. Therefore, this study supports the concept
that there is a pharmacogenetic interaction between the
Hp genotype and vitamin E in individuals with DM.

The favorable effects of vitamin E on HDL structure
and lipid peroxidation described here are most likely due
to the inhibition of oxidative modifications mediated by
Hp 2-2-Hb associated with apolipoprotein A-I (ApoAu).
Hp has been demonstrated to binds ApoAi and this Hp
can tether Hb to HDL. Hp 2-2 is inefficient in blocking
the redox activity of Hb derived iron and therefore in
Hp 2-2 individuals, HDL becomes the carrier of a cargo
which is pro-oxidative. The detrimental effects of vitamin
E on HDL structure in Hp 2-1 individuals may be due
to an overshoot in the suppression of oxidative stress by
vitamin E. Excessive suppression of oxidative stress may
be deleterious. Several groups have demonstrated, both in
animals and in humans, a down-regulation of protective
antioxidant enzymes in response to high dose antioxidant
supplementation. This down-regulation may paradoxi-
cally increase the susceptibility of these individuals to
acute increases in oxidative stress (as with wide swings in
hyperglycemia). Therefore, it may be possible to demon-
strate that in Hp 2-1 individuals a lower dose of vitamin
E may have beneficial effects on CVD.

The public health and economic implications of the
pharmacogenetic interaction between the Hp type and
vitamin E on CVD are profound. Implementation of a
pharmacogenetic algorithm for DM patients in which
all individuals with DM and the Hp 2-2 genotype would
receive vitamin E cannot be achieved without an addi-
tional clinical trial testing this hypothesis. We hope that
the mechanistic data presented here will help to increase
the interest for such a trial. The notion of pharmacoge-
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nomics is that not all individuals with a given disease may
benefit from the same drug treatment. We have demon-
strated that vitamin E provides renal protection to Hp 2-2
DM mice but does not have any effect on Hp 1-1 DM
mice. The pharmacogenomic implications of these find-
ings are significant. Large-scale clinical trials of vitamin
E to prevent macrovascular complications of diabetes
have failed to show that vitamin E provided any clinical
benefit. Studies assessing the effect of vitamin E on the
progression of DN in humans with DM have yielded
inconsistent findings. Moreover, recent meta-analysis sug-
gested that there is an increased risk of all cause mortality
with high-dose vitamin E supplementation. One expla-
nation for the failure of vitamin E to provide benefit in
human studies may be due to the inadequate nature of
patient selection in these studies. We have recently pro-
vided concrete evidence in humans for a pharmacoge-
nomic interaction between the Hp genotype and vitamin
E supplementation in relation to the development of ath-
erosclerotic cardiovascular disease. We have found by an-
alyzing stored blood samples from the HOPE study that
individuals with DM and the Hp 2-2 genotype received
significant clinical benefit from vitamin E. Moreover, we
have recently demonstrated in a prospective double blind
clinical trial that vitamin E dramatically reduces catdio-
vascular disease in Hp 2-2 DM individuals. The ability
of vitamin E to reduce features of renal disease charac-
teristic of early human DN in Hp 2-2 DM mice but not
in Hp 1-1 DM mice, suggests that there may also be an
interaction between Hp genotype and vitamin E therapy
in diabetic renal disease.

In the other arm of the studies of secondary preven-
tion, we can mention the Gruppo Italiano per lo Studio
della Sopravvivenzane II’Infartomiocardico-Prevenzione
study, in which 11324 patients who had a recent MI were
randomized to vitamin E ( 300 mg/d), polyunsaturated
fatty acids, both or neither of them. They were followed
for 3.5 years after which no effect of treatment with vita-
min E was observed. In the Cambridge heart antioxidant
study, treatment with vitamin E decteased the risk of
developing non-fatal MI, but increased the risk of CV
death. Similar results were obtained from the HOPE in
2000. The patients, men and women, were followed for
about 4.5 years during which they received Vitamin E (400
mg/d) or angiotensin converting enzyme (ACE) inhibitor
or a placebo. The results showed that vitamin E did not
influence the risk for developing CVD. In 2005 an exten-
sion of this study was performed (HOPE-TOO study).
In this analysis the incidence of CVD, cancer and cancer
death was investigated in patients who received vitamin
E or a placebo. Patients who received vitamin E had a
higher risk of heart failure and required hospitalization.

ANIMAL STUDIES OF VITAMIN E

As we mentioned above, hyperglycemia is accompanied

by severe oxidative stress (especially lipid per-oxidation)
which is caused by increased oxygen free radical produc-
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tion. Toxic oxygen free radicals have been implicated in
the pathogenesis of diabetes mellitus, and its micro and
macro vascular complications. An imbalance resulting
from the increased production and/or reduced scaveng-
ing of these free radicals leads to a metabolic state of
oxidative stress, which consequently leads to tissue dam-
age. Auto glycosylation reactions, alterations in the sor-
bitol pathway and hyperglycemia have been proposed as
some of the mechanisms which are responsible for this
increased oxidative stress.

Antioxidants have been shown to play a beneficial
role in preventing diabetic complications. Diabetes is
a good model for chronic oxidative damage and it is a
particularly suitable disease for antioxidant supplementa-
tion. It was found that there is a significant correlation
has been found between the increased blood sugar levels
and the depletion of the antioxidants. This depletion was
a major risk factor for developing diabetes complications,
and antioxidant supplementation (such as vitamin E)
could decrease this risk.

Genetically modified mice offer the most direct
means to demonstrate a gene-disease association. Such
mice are inbred allowing one to study the effect of a
change in one single gene. The Hp 2 allele is found only
in humans. All other animals including higher primates
have only the Hp 1 allele and therefore the Hp 7-7 geno-
type. One approach to mimic the Hp polymorphism in
mice is to introduce the human Hp 2 allele as a transgene.
Human Hp 2 transgenic mice in an Hp knockout back-
ground have been used to study mice only expressing the
Hp 2 allelic protein product™*, The wild-type murine
C57B//6 Hp gene is a type 1 Hp allele with over 90%
homology to the human Hp 1 allele. The construction
of C57Bl/6 mice with targeted insertion of a murine Hp
2 allele has generated mice with the Hp 2-2 genotype. It
was created by genetically engineering an Hp 2 allele by
duplication of exons 3 and 4 in the genomic sequence
of the murine Hp 1 allele. Then this murine Hp 2 allele
was inserted at the endogenous Hp locus using a target-
ing strategy that is specifically selected for a homologous
recombination event between the murine Hp 2 allele and
the endogenous murine Hp 1 allele.

STREPTOZOTOCIN-INDUCED DIABETES

Streptozotocin was administered at 6 wk of age in a low-
dose 5-d protocol as recently described by the National
Institutes of Health sponsored Diabetes Consortium (50
mg/kg for 5 d). For all studies, a group of littermates
who were not injected with streptozotocin was fol-
lowed in parallel so that the only difference between the
groups was the presence or absence of DM. Therefore,
the parameters described below were measured for four
groups of animals: Hp 1-1, Hp 1-1 DM and Hp 2-2,
Hp 2-2 DM. There was no difference in spot glucose or
HbAlc between Hp 1-1 and Hp 2-2 DM mice. For all
analysis measurements were made when mice were 4 mo

of age.
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VITAMIN E SUPPLEMENTATION

Vitamin E was administered in the drinking water, for
6 wk, beginning 1 mo after onset of DM until the mice
were killed at 4 mo of age. We used vitamin E from Met-
ck which is water miscible as documented by the manu-
facturer (Metck cat. No. 500862). This is DL alpha to-
cophorol acetate which enters easily into water. We made
up a stock solution of vitamin E 1 mL in 50 mL of water
and then used 5 mL of this stock solution in a 250-mL
bottle of water for the mice. Each DM mouse received
600 mg/kg per day duting the course of treatment.

RESULTS IN HP 2-2 DM MICE

Vitamin E and morphometry: Increased renal
hypertrophy in Hp 2-2 DM mice

Gross kidney size which expressed as the kidney index
(kidney mass/body mass) was significantly elevated in Hp
2-2 DM mice compared with their non-DM littermates
and with Hp 1-1 DM mice (15.5 + 0.97 g/kg for Hp 2-2
DM »s11.9 £ 1.1 g/kg for Hp 1-1 DM and 10.1 + 0.4
g/kg for Hp 2-2 non-DM; P < 0.05 compating Hp 2-2
DM mice with Hp 1-1 DM or Hp 2-2 non-DM mice).
There was a significant increase in both total glomerular
area and proximal tubule area in Hp 2-2 DM mice com-
pared with Hp 1-1 DM mice glomerular area: 4852.9 *
308.7 for Hp 2-2 DM »5 3176.8 £ 99.3 for Hp 1-1 DM, P
< 0.001 (Figure 4); Proximal tubular area: 1152.6 £ 42.4
for Hp 2-2 DM »s 818.0 £ 7.2 for Hp 1-1 DM, P < 0.05.
We observed no significant difference in the cellularity of
Hp 1-1 »s Hp 2-2 glomeruli ot tubules suggesting that the
glomerular expansion seen in Hp 2-2 DM mice was more
likely to be due to hypertrophy than hyperplasia. There
was a significant decrease in total glomerular area in Hp
2-2 DM with vitamin E (P < 0.05)"*,

Histology: Increased collagen, smooth muscle actin,
and iron in Hp 2-2 DM mice

Collagen type IV (Figure 5A) and smooth muscle cell ac-
tin (Figure 5B), which are proteins known to be increased
in human DN glomeruli, were significantly increased in
Hp 2-2 DM mice (0.10 £ 0.07 for Hp 2-2 DM and 0.030
+ 0.003 for Hp 1-1 DM, P < 0.001 and 0.14 + 0.01 for
Hp 2-2 DM and 0.04 £ 0.01 for 1-1 DM, P < 0.001 re-
spectively). There was a significant decrease in collagen
IV immunostaining area and actin staining in Hp 2-2
DM mice with Vit-E (P < 0.05, P < 0.001 respectively).
Furthermore, significantly greater amounts of iron were
found in the renal tissue (localized to the proximal tubu-
lar cells) of Hp 2-2 DM mice compared with Hp 1-1 DM
mice(1.34 £ 0.19 for Hp 2-2 DM and 0.56 £ 0.12 for Hp
1-1 DM, P <0.01).

PREVENTION OF DN IN HP 2-2 DM MICE
WITH VITAMIN E SUPPLEMENTATION

As we mentioned above, the Hp 2-2 mice have increased
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Figure 4 Total glomerular and glomerular tuft area is increased in haptoglobin 2-2 diabetes mellitus mice. Periodic acid-Schiff stained, paraffin-embedded
sections from kidneys of haptoglobin (Hp) 1-1 and Hp 2-2 mice with D or without diabetes mellitus (DM). Areas were measured using Image Pro software. Values are
expressed as mean * SE (30 glomeruli measured for each animal). There was a significant increase in total glomerular area in Hp 2-2 DM mice vs Hp 1-1 DM mice
(P <0.001) as well as between Hp 2-2 DM and Hp 2-2 non-DM mice (P < 0.001). There was a significant decrease in total glomerular area in Hp 2-2 DM mice with

vitamin E (Vit-E; P< 0.05).

renal hypertrophy together with increased levels of Col-
lagen, Smooth Muscle Actin, and Iron. We found in the
Hp 2-2 DM mice which received vitamin E, a significant
reduction in total glomerular area (P < 0.05), proximal
tubule area (P < 0.05), glomerular collagen content (P <
0.001), glomerular actin content (P < 0.001). Creatinine
clearance (CCT) and albuminuria are increased in Hp 2-2
DM mice (Figure 6). We have found a significant increase
in CCT in Hp 2-2 DM mice compared with Hp 1-1 DM
mice (P < 0.05) and Hp 2-2 non-DM mice (P < 0.05).
There was a significant decrease in CCT in Hp 2-2 DM
mice treated with vitamin E (P < 0.05). We have also
found a non significant reduction in albuminuria in Hp 2-2
DM mice receiving vitamin E (18.5 £ 7.2 5 95.3 £ 38.0;
P < 0.16). Vitamin E supplementation to Hp 2-2 DM
mice also resulted in a significant 50% reduction in global
oxidative stress in renal tissue slices assessed as lipid per-
oxidation (P < 0.01). In contrast, in Hp 1-1 DM mice,
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vitamin E did not affect any morphometric or functional
parameter as demonstrated in Figures 4-7.

In our last publication™, we have studied the protec-
tive effect of vitamin E against the toxic effects of free
radicals in diabetic mice with Hp 2-2 phenotype. The
primary objective of this study was to determine the in-
tracellular localization of this iron in the proximal tubule
cells and to assess its potential toxicity. Transmission elec-
tron microscopy demonstrated a marked accumulation
of electron-dense deposits in the lysosomes of proximal
tubules cells in Hp 2-2 DM mice. Energy-dispersive X-ray
spectroscopy and electron energy loss spectroscopy were
used to perform elemental analysis of these deposits and
demonstrated that these deposits were iron rich. These
deposits were associated with lysosomal membrane lipid
peroxidation and loss of lysosomal membrane integrity.
Vitamin E administration to Hp 2-2 DM mice resulted in
a significant decrease in both intralysosomal iron-induced
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o-SMA immunostaining (%)

Figure 5 Increased mesangial collagen IV and smooth muscle actin in haptoglobin 2-2 diabetes mellitus mice. A: Increased mesangial collagen IV in hapto-
globin (Hp) 2-2 diabetes mellitus (DM) mice. Quantitation of the immunostaining area was reported in % area of the glomeruli. All values are expressed as means SE (30
glomeruli for each animal). There was a significant increase in collagen [V immunostaining (%) in Hp 2-2 DM vs Hp 1-1 DM mice (P < 0.001) and Hp 2-2 non-DM mice (P
<0.001). There was a significant decrease in collagen IV immunostaining area in Hp 2-2 DM mice with vitamin (Vit)-E (P < 0.05); B: Increased smooth muscle actin in
Hp 2-2 DM mice. Immunohistochemical identification of smooth muscle actin (orange-red) was performed using a monoclonal antibody to mouse smooth muscle actin
. All values are expressed as mean + SE. Quantitation of actin staining was performed similar to collagen (as% of glomerular area) with a highly significant increase
in actin staining in Hp 2-2 DM mice vs Hp 1-1 DM mice (P < 0.001) and Hp 2-2 non-DM mice (P < 0.001). There was a significant decrease in actin staining in Hp 2-2
DM mice treated with vitamin E (Vit-E) (P < 0.001).

oxidation and lysosomal destabilization. Therefore, Iron- integrity were found after vitamin E administration to Hp
induced renal tubular injury may play a major role in the 1-1 DM mice as compared to those treated with placebo
development of diabetic nephropathy and may be a tat- (19.9% *£ 2.7% for vitamin E group s 22.1% * 2.3% for
get for slowing the progression of renal disease. placebo group; # = 6; P = 0.24) . There was a significant

correlation in Hp 2-2 DM mice, but not in Hp 1-1 DM
Proof of concept that the loss of lysosomal membrane mice, between the concentration of vitamin E in the
integrity in Hp 2-2 DM proximal tubule cells is due to lysosomal membrane and the lysosomal membrane integ-
oxidative damage rity (Figure 9).

We sought to evaluate the role of lipid peroxidation in

the maintenance of lysosomal membrane integrity by DIABETIC RETINOPATHY

showing that chronic administration of the lipid-soluble

antioxidant, vitamin E, could decrease lysosomal mem- ~ An early morphological characteristic of the microangi-
brane oxidation and maintain lysosomal membrane integ- opathy seen in diabetic retinal disease is retinal capillary
rity. Vitamin E supplementation resulted in a significant basement membrane (RCBM) thickening. RCBM thick-
45% reduction in lysosomal redox-active iron in Hp 2-2 ness as assessed by electron microscopy was performed
DM mice (P < 0.05) with no significant effect on lyso- on a total of 12 eyes taken from three mice in each of the
somal redox-active iton in Hp 1-1 DM mice. Moteovet, four study groups (three eyes from C57Bl/6 Hp 1 and
we have found that vitamin E supplementation signifi- ~ C57B1/6 Hp 2 mice with and without streptozotocin-
cantly decreased lysosomal lipid peroxides in Hp 2-2 DM induced diabetes). Diabetes was produced by intraperi-
kidneys as compared with lysosomal preparations of Hp toneal injection at 6 wk of age with streptozotocin at a

2-2 DM mice treated with placebo (75.7 + 8.7 nmol lipid ~ concentration of 200 mg/kg dissolved in 50 mmol/L ci-
peroxides/mg protein for Hp 2-2 DM with vitamin E trate buffer, pH 4.5. Glucose levels were monitored with

25 109.2 + 8.8 nmol lipid peroxides/mg protein for Hp a glucometer. Animals were sacrificed at 6 mo of age. For
2-2 DM without vitamin E; P = 0.03). There was no sig- these studies involving diabetes, a group of non-diabetic
nificant reduction in lysosomal lipid peroxides in Hp 1-1 mice was followed in parallel so that the only difference
DM mice treated with vitamin E (Figure 8). Moreover, between the groups was the presence or absence of dia-
there was a significant correlation between lysosome betes. We found no difference in the degree of glucose
membrane q-tocopherol concentrations and the degree control between mice with the different Hp genotypes.

of lysosomal membrane oxidation in Hp 2-2 DM mice Electron microscopy was performed on a total of 12
but not in Hp 1-1 DM mice. Finally, we have found a eyes from the four groups (three eyes from Hp 1 and Hp
significant reduction in the loss of lysosomal membrane 2 animals with and without diabetes) for the determina-
integrity in lysosomes purified from kidneys of Hp 2-2 tion of the retinal basement membrane thickness. Mice
DM mice treated with vitamin E as compared with those were sacrificed with intraperitoneal injection of pentabar-
treated with placebo (24.1% £ 2.3% for vitamin E group bitone sodium. The eyes were enucleated, opened at the
vs 30.7% * 1.7% for placebo group; # = 6 per group; P = equatort, fixed in 3.5% glutaraldehyde in 0.1 mol/L caco-

0.03). No significant differences in lysosomal membrane dylate buffer (pH 7.4) for 1 h, and then post-fixed in 2%

K
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Figure 6 Increased renal iron deposition in the proximal tubule of haptoglobin 2-2 diabetes mellitus mice. Perl’s iron stain was used to localize iron in paraffin-
embedded kidney sections in haptoglobin (Hp) 1-1 and Hp 2-2 mice with and without diabetes mellitus (DM). Arrow indicates iron-induced stain in blue (x 400 magni-
fication) located within proximal tubular cells. There was a significant increase in iron staining in the renal tissue of Hp 2-2 DM (D) vs Hp 1-1 DM (D) and Hp 2-2 non-

DM mice (P < 0.001).

osmium tetroxide. Semithin sections (1 pm) were stained
with toluidine for orientation and identification of the
capillary. Thin sections (60 nm) were produced with a
diamond knife, placed on 300-mesh copper grids, and
stained with uranyl acetate and lead citrate. The sections
were viewed and photographed with a JEOL JEM 100SX
electron microscope.

ASSESSMENT OF RETINAL CAPILLARY
BASEMENT MEMBRANE THICKNESS

Sections mounted on copper grids and treated with the
tannic acid solution prepared as described above were
analysed using Image Pro software analysis. Basement
membrane thickness was measured on five distinct
capillaries for each eye and 5-10 measurements were
taken per capillary with a minimum of 40 independent
measurements from each eye. One reader scored all
eyes in the study and was blinded to the genotype of
the mice.
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RETINAL CAPILLARY BASEMENT
MEMBRANE THICKNESS

Retinal capillary basement membrane thickness was as-
sessed from electron microscope photographs from three
different mice with either Hp 1 or Hp 2 with or with-
out streptozotocin-induced diabetes. For each animal, a
minimum of 40 separate measurements of the RCBM
thickness were obtained. This analysis demonstrated that
there was no significant difference in retinal basement
membrane thickness between non-diabetic Hp 1 and
non-diabetic Hp 2 mice (Mann-Whitney P = 0.70; dif-
ference in median 2.6 nm). Diabetic Hp 1 mice did not
demonstrate a significant increase in basement membrane
thickness as compared to non-diabetic Hp 1 mice (Mann-
Whitney P = 0.42; difference in median 5.2 nm). How-
ever, induction of diabetes resulted in a marked increase
in basement membrane thickness in Hp 2 mice compared
to non-diabetic Hp 2 mice (Mann-Whitney P = 0.0004;
difference in median 32.1 nm), and to diabetic Hp 1 mice

November 6, 2013 | Volume 2 | Issue 4 |
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Figure 7 Creatinine clearance and albuminuria are increased in haptoglo-
bin 2-2 diabetes mellitus mice. Creatinine clearance time (CCT). Values are
reported as mean * SE in mL/min of a minimum of 5 animals from each group.
There was a significant increase in CCT in haptoglobin (Hp) 2-2 diabetes mel-
litus (DM) mice compared with Hp 1-1 DM mice (P < 0.05) and Hp 2-2 non-
DM mice (P < 0.05). There was a significant decrease in CCT in Hp 2-2 DM
mice treated with vitamin (Vit)-E (P < 0.05). We found a marked increase in
albuminuria in both Hp 1-1 DM and Hp 2-2 DM mice compared with their non-
DM littermates and a nonsignificant 2- to 3-fold increase in albuminuria in Hp 2-2
DM mice compared with Hp 1-1 DM mice (95.3 £ 38.0 vs 37.9 £ 11.9, P< 0.16).

(Mann-Whitney P = 0.0005; difference in median 24.3
nm). Thus, the effect of diabetes in increasing basement
membrane thickness occurred only in the Hp 2 groupmj.

Fardoun e a/'”" described the protective effect of
vitamin E in patients with diabetic retinopathy in a pro-
spective clinical study. Diabetic patients of either sex,
above the age 45 years old, with or without diabetic
complications were studied. The recruited patients were
categorized into two groups: the primary and the second-
ary prevention groups. Type I group were divided in two
groups, which consisted of the patients who received
insulin and the vitamin E supplementation and the pa-
tients who received only insulin. The type II patients
were further divided into the test and the control groups
which consisted of those who received oral hypoglycemic
and the vitamin E supplementation and those who were
on oral hypoglycemic only. The number of the patients
who developed cardiovascular complications and diabetic
retinopathy in the test group (vitamin E) was significantly
low in both type I and type II DM, as compared to those
in the control groups. This study suggests that a long
term vitamin E supplementation was beneficial for the
cardiovascular complications.
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Figure 8 Effect of vitamin E supplementation on lysosomal membrane
lipid peroxides and membrane integrity. A: Lysosomal membrane lipid
peroxides were significantly reduced in haptoglobin (Hp) 2-2 diabetes mellitus
(DM) mice which received vitamin E supplementation as compared to Hp 2-2
DM mice receiving placebo (P = 0.03); B: Lysosomal membrane activity was
reduced in Hp 2-2 DM mice received vitamin E (Vit-E) supplementation as com-
pared to Hp 2-2 DM mice receiving placebo (P = 0.03).

DISCUSSION

The pharmacogenomic implications of these findings
are significant. Large-scale clinical trials of vitamin E
to prevent macrovascular complications of diabetes,
have failed to show that vitamin E provided any clinical
benefit. Studies assessing the effect of vitamin E on the
progression of DN in humans with DM have yielded
inconsistent findings. Moreover, recent meta-analysis
has suggested that there is an increased risk of all causes
of mortality with high-dose vitamin E supplementa-
tion. One explanation for the failure of vitamin E in
providing benefit in human studies may be due to the
inadequate nature of patient selection in these studies.
We have recently provided concrete evidence in humans
for a pharmacogenomic interaction between the Hp
genotype and vitamin E supplementation in relation to
development of atherosclerotic cardiovascular disease.
We have found by analyzing stored blood samples from
the HOPE study that individuals with DM and the Hp 2-2
genotype showed significant clinical benefit from vitamin
E"). Moreover, we recently demonstrated in a prospec-
tive double blind clinical trial that vitamin E dramatically
reduces cardiovascular disease in Hp 2-2DM individu-
als™. The ability of vitamin E to reduce features of renal
disease characteristic of early human DN in Hp 2-2 DM
mice but not in Hp 1-1 DM mice, suggests that there may
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Farid N et a/. Diabetic nephropathy

A 160 - - W/O Vit-E
With Vit-E
140 + *
g 120 +
° *
E 100 .
$ 80 | .
S *
% .
5 60 *
; 2
S 40 -
20 -
0 | | | | | | J
0 20 40 60 80 100 120 140
a-Tocopherol (nmol/mg)
B 160 W/O Vit-E
A \With Vit-E
140 |
120
8 100 A
J_g [ A
2 80 A
5 - A
X 60 A
40 |
20 L
0 | | | | | | J
0 20 40 60 80 100 120 140

a-Tocopherol (nmol/mg)

Figure 9 Lysosomal vitamin E. A: Lysosomal vitamin E (Vit-E) concentration
is correlated with lysosomal membrane lipid peroxidation and lysosomal mem-
brane integrity. Filled symbols are data points for mice receiving Vit-E supple-
mentation while empty symbols are data points for mice who received placebo;
B: Lysosomal Vit-E and lysosomal membrane integrity.

also be an interaction between Hp genotype and vitamin
E therapy in diabetic renal discase.

Different studies have shown that the vitamin E sup-
plemented diabetics had a lesser incidence (a 25% lower
risk) of the cardiovascular complications after 24 mo.
This suggested that a long term vitamin E supplementa-
tion was beneficial for the cardiovascular complications.
This is in accordance with the findings of the Cambridge
Heart Antioxidant Study” ", The Cambridge Heart
Antioxidant Study showed that tocopherol treatment
significantly reduced the risk of cardiovascular death and
nonfatal myocardial infarction after 1 year of the treat-
ment. An improvement was observed in the retinopathy
in the test group treated with vitamin E. There were
no significant differences between antioxidant vitamin
supplementation and placebo in the relative risk for ma-
jor cardiovascular outcome. In our last study™, we have
demonstrated that increased lysosomal redox-active iron
results in lysosomal membrane injury in renal cells of Hp
2-2 DM mice. Therefore, this data provide a novel patho-
physiological mechanism explaining why the progression
to end-stage renal disease is increased in DM individuals
with the Hp 2-2 DM genotype. Moreover, the interaction
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between the vitamin E and the Hp genotype on lysosom-
al injury suggests that a pharmacogenomic paradigm of
selective administration of vitamin E to Hp 2-2 DM indi-
viduals may offer considerable renal protection similar to
that recently demonstrated for cardiovascular disease.

Multiple studies blocking the course of diabetic reti-
nopathy and nephropathy based on studies in rodents
found the blocking agent under trial to be without value
in humans, especially blockers of advanced glycation
end-products. Diabetes induces the formation of ad-
vanced glycation end products (AGEs), which can alter
the function of proteins and stimulate pathological cel-
lular responses via AGE receptors. Increasing levels of
AGEs, and their deposition in diabetic kidneys, correlate
with the development of DN. Of the pathophysiologic
mechanisms that have been identified in the development
and progression of DN, oxidative stress is of major im-
portance.

Pyridoxamine was introduced as an inhibitor of AGE
formation from Amadori products™ . The effects of
pyridoxamine include: (1) the inhibition of AGE forma-
tion by blocking the oxidative degradation of the Amado-
ri intermediate of the Millard reaction; (2) the scavenging
of toxic carbonyl products of glucose and lipid degrada-
tion; and (3) the trapping of reactive oxygen species*”.
We demonstrated that pyridoxamine (KK-163) ameliorates
the levels of urinary albumin creatinine ratio (ACR) and
serum 3-deoxyglucosone (3DG) in KK-A" mice without
changing systemic blood pressure. Furthermore, pyridox-
amine prevented accumulations of Ng-(carboxymethyl)-
lysine (CML), nitrotyrosine, transforming growth factor-f3
(TGF-B1), and laminin-p1 in the kidney tissues'"'. AGEs
and oxidative stress might activate autocrine Ang Il sig-
naling and subsequently induce TGF-B1-Smad signaling
in mesangial cells®*, Our findings suggested that the
amelioration of urinary ACR was related to the improve-
ment of TGF-B1 and laminin-B1 expressions in the kid-
ney because CML and nitrotyrosine accumulations were
improved and the levels of serum 3DG were reduced
by anti-AGE and/ot the antioxidant effects of pyridox-
amine.

Despite the successful use of lifestyle changes, meta-
bolic control, and blood pressure control, including ACE
inhibitors and angiotensin receptor blocker therapy, residual
renal risk remains very high, leaving the diabetic population
with a clear unmet need for novel treatment options. As
outlined in this review, various drugs are in development.
It is anticipated that some of the newer agents that are
currently the focus of clinical trials will ultimately lead to
improvements in slowing the progression and eventually
improving the prognosis of this devastating disease.
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Abstract

Under common practice, the conventional diagnostic
marker such as microalbuminuria determination does
not recognized early stage of diabetic kidney disease
(normoalbuminuria, chronic kidney disease stage 1, 2);
due to the insensitiveness of the available marker. Treat-
ment at later stage (microalbuminuria) simply slows
the renal disease progression, but is rather difficult to
restore the renal perfusion. Intrarenal hemodynamic
study in these patients revealed an impaired renal per-
fusion and abnormally elevated renal arteriolar resis-
tances. Treatment with vasodilators such as angiotensin
converting enzyme inhibitor and angiotensin receptor
blocker fails to correct the renal ischemia. Recent study
on vascular homeostasis revealed a defective mecha-
nism associated with an impaired nitric oxide production
which would explain the therapeutic resistance to va-
sodilator treatment in microalbuminuric diabetic kidney
disease. This study implies that the appropriate thera-
peutic strategy should be implemented at earlier stage
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before the appearance of microalbuminuria.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Microalbuminuria; Diabetic kidney disease;
Renal hemodynamics; Fractional excretion of magne-
sium; Renal function

Core tip: This manuscript demonstrates the therapeutic
resistance to vasodilator treatment in restoring the re-
nal functions in microalbuminuric diabetic nephropathy.
It is supported by the intrarenal hemodynamic study
which reveals a decline in renal plasma flow, peritubu-
lar capillary flow and glomerular filtration rate following
vasodilator treatment. The above finding concerns with
the recent study on vascular homeostasis which reveals
a defective angiogenesis associated with an impaired
nitric oxide production, which explains the therapeutic
resistance to vasodilator and clinical failure in restoring
renal perfusion in late stage diabetic nephropathy.

Futrakul N, Futrakul P. Vascular response to vasodilator treat-
ment in microalbuminuric diabetic kidney disease. World J
Nephrol 2013; 2(4): 125-128 Available from: URL: http://www.
wjgnet.com/2220-6124/tull/v2/i4/125.htm DOI: http://dx.doi.
org/10.5527/wjn.v2.i4.125

INTRODUCTION

Diabetic kidney disease has been the public health threat
which is the most common cause of end-stage renal fail-

ure"™, Under common practice, it is recognized when
there is presence of microalbuminuria (albumin/cre-
atinine ratio is greater than 30 microgram/milligram
creatinine™”. In this regard, microalbuminuria cannot
recognize eatly stage diabetic kidney disease (normoal-
buminuria). Such practice would allow these eatly stage
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Table 1 Renal function and intrarenal hemodyamic study in

microalbuminuric type 2 diabetic kidney disease

Healthy Initial value P value

Subject  in Microal-
buminuric
patients
Renal function
Microalbumin/ creatinine ratio, ug/mg <30 170 £193 0.010

Creatinine clearance, mL/min per 1.73 m’ 117 +13 73+28  0.001

Fractional excretion of magnesium, % 1.6+£22 41+1 0.050

Mean arterial pressure, mmHg 79 9+5 0.001
Renal hemodynamics

Renal plasma flow, mL/minper 1.73m*  585+30 505+120 NS
Peritubular capillary flow, mL/minper ~ 479+26 423+120 NS
173 m’*

Glomerular filtration rate, mL/min per 116 + 14 82+6 0.010
173 m’

Afferent arteriolar resistance, dyne.s.cm'5 2331 +108 2841 +299 0.050
Efferent arteriolar resistance, clyne.s.cm‘5 3012 +130 4045+1168 NS

NS: Not significant.

diabetic kidney disease patients to progress without
therapeutic interruption. Intrarenal hemodynamic study
in this stage reveals reduction in renal perfusion indicat-
ing renal ischemia”"". Treatment with vasodilators such
as angioconverting enzyme inhibitor (ACEI), angiotensin
receptor blocker (ARB) during microalbuminuria or mac-
roalbuminuria simply slows the renal disease progression
determined by creatinine clearance, but is unable to re-
store all of the renal abnormalities” ™. This information
concurs with the progressive increment in number of
diabetic kidney disease patients entering end-stage renal
disease. Recent study on vascular homeostasis in these
patients revealed a defective angiogenesis namely vascu-
lar endothelial growth factor receptor 1, angiopoietin 1
leading to impairing the nitric oxide production as well as
impairing the vascular repair. In addition, the abnormally
elevated level of antiangiogenic factors namely vascular
endothelial growth factor receptor 2, and angiopoietin 2
would induce the progression of renal microvascular dis-
ease and the progressive reduction in renal perfusionm’lsj.
The altered vascular homeostasis observed in late stage
diabetic kidney disease is believed to be the crucial mech-
anism of renal disease progression. In contrast to the al-
tered vascular homeostasis observed in late stage diabetic
kidney disease, the study on vascular homeostasis in early
stage associated with normoalbuminuria has recently
been demonstrated to be normal or mildly impaired val-
ues of both angiogenic and antiangiogenic factors'"”,

RENAL FUNCTION IN
MICROALBUMINURIC DIABETIC KIDNEY
DISEASE

In microalbuminuric diabetic kidney disease, recogni-
tion of its status can be made through the conventional
marker such as microalbuminuria (Table 1). In addition,
fractional excretion of magnesium (FE Mg) appears to
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be more sensitive than the conventional markers and be-
comes abnormally elevated even in the stage of normoal-
buminuria and recognizes chronic kidney disease (CKD)
stage 1 and ecatly stage 2P PR Mg has been eatlier dem-
onstrated to correlate directly with the magnitude of tu-
bulointerstitial fibrosis reflecting the presence of diabetic
kidney disease™ . Tt is noted that this group of diabetic
kidney disease is associated with systemic hypertension.
Creatinine clearance or estimated glomerular filtration
rate is also a sensitive diagnostic marker for eatly stage
diabetic kidney disease.

INTRARENAL HEMODYNAMIC STUDY IN
MICROALBUMINURIC DIABETIC KIDNEY
DISEASE

Altered renal hemodynamics has already been docu-
mented in normoalbuminuric diabetic kidney disease™*".
In microalbuminuric stage, renal plasma flow, peritubular
capillary flow and glomerular filtration rate were depleted,
whereas afferent and efferent arteriolar resistances were
abnormally elevated. As indicated in Table 1, efferent
arteriolar resistance was greater than the resistance of af-
ferent arteriole - a phenomenon indicating a preferential
constriction of the efferent arteriole. This phenomenon
in turn, would induce intraglomerular hyperfiltration and
therefore increase glomerular filtration rate. Subsequently,
there is a greater degree of reduction in peritubular capil-
lary flow. A longitudinal study on intrarenal hemodynam-
ics along the clinical course of diabetic kidney disease has
revealed a greater increase in degree of efferent arteriolar
resistance indicating a further reduction in peritubular
capillary flow as the disease severity progresses' . This
finding implies that the sustained and progressive cleva-
tion of efferent arteriolar resistance would be capable of
inducing a chronic renal ischemia to the tubulointerstitial
structure, which is the crucial determinant of renal dis-
ease progression in diabetic kidney disease.

THERAPEUTIC RESPONSE TO
VASODILATORS IN MICROALBUMINURIC
DIABETIC KIDNEY DISEASE

It has been a general consensus that treatment of diabetic
kidney disease with vasodilators, under common practice,
does not cover all of the diabetic kidney disease patients,
but infact excludes the group of ecarly stage diabetic kid-
ney disease (normoalbuminuria). Such practice would
stabilize temporarily the renal function, or simply slow
the renal disease progression, which is due to the defec-
tive angiogenesis and an impaired nitric oxide production
induced by a vatiety of circulating toxins namely oxida-
tive stress lipid, cytokines and glycation end—products”s’mj.
The preceding information of altered vascular homeosta-
sis concurs with the therapeutic resistance to vasodilators,
as well as the progression of renal disease toward end-
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Table 2 Follow-up value of intrarenal hemodynamic study in

microalbuminuric diabetic kidney disease

Pre- Post- P
treatment treatment value

Renal function

Creatinine clearance, mL/min per 1.73 m’ 73+28 80+ 37 NS

Fractional excretion of magnesium, % 41+1 42+2 NS

Microalbumin/ creatinine ratio, pg/mg 170+193 109+148 NS

Mean arterial pressure, mmHg 9+5 85+14 <0.05
Hemodynamics

Renal plasma flow , mL/min per 1.73m” 505120 4169 NS

Peritubular capillary flow, mL/min per ~ 423 +120 350+13 NS

1.73 m’

Glomerular filtration rate, mL/min per 82+6 759 NS

1.73 m?

Afferent arteriolar resistance, dyne.s.cm'5 2842 +299 3359+1587 NS

Efferent arteriolar resistance, dyne.s.cm'5 4045 +1168 4093 + 53 NS

NS: Not significant.

stage renal disease in late stage diabetic kidney disease.

Recently, we had performed intrarenal hemodynamic
study during pre-treatment and post-treatment period
with vasodilators containing ACEI Enalapril 10-20 mg/d,
ARB Telmisattan 40-80 mg/d + calcium channel blocker
in 29 microalbuminuric diabetic kidney disease patients.
Following vasodilator treatment, progressive reductions
in renal plasma flow, peritubular capillary flow and glo-
merular filtration rate were noted. In addition, a progres-
sive increase in both afferent and efferent artetriolar resis-
tances was also noted (Table 2). Such progressive change
in intrarenal hemodynamics confirms the therapeutic
resistance to vasodilators, and is in accordance with the
altered vascular homeostasis observed in microalbumin-
uric diabetic kidney disease!"'*,

The preceding information of intrarenal hemodynam-
ics observed in microalbuminuric diabetic kidney disease
renders support that it would be appropriate to change
the conceptual view of therapeutic strategy towards an
early treatment of diabetic kidney disease during normo-
albuminuria. Recent study of treatment with vasodilators
during normoalbuminuric diabetic kidney disease has
successfully restore renal perfusion and function indicat-
ing such therapeutic strategy at this eatly stage is under
environment favourable for vascular repair and renal re-

. (81823
generatlon[ ]

REFERENCES

1 Titan SM, M Vieira ], Dominguez WV, Barros RT, Zatz R.
ACEI and ARB combination therapy in patients with mac-
roalbuminuric diabetic nephropathy and low socioeconomic
level: a double-blind randomized clinical trial. Clin Nephrol
2011; 76: 273-283 [PMID: 21955862]

2 Defenari G, Ravera M, Berruti V, Leoncini G, Deferrari L.
Optimizing therapy in the diabetic patient with renal disease
: antihypertensive treatment. ] Am Soc Nephrol 2005; 15: 6-11
[PMID: 14684664]

3 Strippoli GF, Craig M, Schena FP, Craig JC. Antihyperten-
sive agents for primary prevention of diabetic nephropathy.
J Am Soc Nephrol 2005; 16: 3081-3091 [PMID: 16135776 DOI:

K

Tap
JBaishideng®

WIN | www.wjgnet.com

127

10

11

12

13

14

15

16

17

18

10.1681/ ASN.2004080634]

Tapp RJ, Shaw JE, Zimmet PZ, Balkau B, Chadban SJ,
Tonkin AM, Welborn TA, Atkins RC. Albuminuria is evi-
dent in the early stages of diabetes onset: results from the
Australian Diabetes, Obesity, and Lifestyle Study (AusDiab).
Am [ Kidney Dis 2004; 44: 792-798 [PMID: 15492944]
Ruggenenti P, Fassi A, Ilieva AP, Bruno S, Iliev IP, Brusegan
V, Rubis N, Gherardi G, Arnoldi F, Ganeva M, Ene-lordache
B, Gaspari F, Perna A, Bossi A, Trevisan R, Dodesini AR,
Remuzzi G. Preventing microalbuminuria in type 2 diabetes.
N Engl ] Med 2004; 351: 1941-1951 [PMID: 15516697 DOI:
10.1056/ NEJMo0a042167]

Futrakul N, Sila-asna M, Futrakul P. Therapeutic strategy
towards renal restoration in chronic kidney disease. Asian
Biomed 2007; 1: 33-44 Available from: URL: http://imsear.
hellis.org/handle/123456789/135138

Futrakul N, Vongthavarawat V, Sirisalipotch S, Chai-
ratanarat T, Futrakul P, Suwanwalaikorn S. Tubular dys-
function and hemodynamic alteration in normoalbuminuric
type 2 diabetes. Clin Hemorheol Microcirc 2005; 32: 59-65
[PMID: 15665427]

Ritt M, Ott C, Raff U, Schneider MP, Schuster I, Hilgers KF,
Schlaich MP, Schmieder RE. Renal vascular endothelial func-
tion in hypertensive patients with type 2 diabetes mellitus.
Am ] Kidney Dis 2009; 53: 281-289 [PMID: 19100670 DOI:
10.1053/j.ajkd.2008.10.041]

Goligorsky MS, Chen ], Brodsky S. Workshop: endothelial
cell dysfunction leading to diabetic nephropathy: focus
on nitric oxide. Hypertension 2001; 37: 744-748 [PMID:
11230367]

Schmieder RE, Delles C, Mimran A, Fauvel JP, Ruilope LM.
Impact of telmisartan versus ramipril on renal endothelial
function in patients with hypertension and type 2 diabetes.
Diabetes Care 2007; 30: 1351-1356 [PMID: 17337492 DOI:
10.2337/ dc06-1551]

Berger JW. New horizons in diabetes therapy: the angio-
genesis paradox in diabetes : description of the problem and
presentation of a unifying hypothesis. Immunol Endocr Metab
Agents Med Chem 2007; 7: 87-93 [DOI: 10.2174 /187152207779
802536]

The HOPE Investigators. Effect of ramipril on cardio-
vascular and microvascular outcomes in people with
diabetes mellitus: Result of the HOPE study and MICRO-
HOPE substudy. Lancet 2000; 355: 253-259 [DOI: 10.1016/
S0140-6736(99)12323-7]

Lewis J. Increasing telmisartan vs amlodipine dose in pa-
tients with hypertension, type 2 diabetes and microalbumin-
uria. Nat Clin Pract Nephrol 2007; 3: 476-477 [PMID: 17622227
DOI: 10.1038 /ncpneph0562]

Nakagawa T, Sato W, Sautin YY, Glushakova O, Croker B,
Atkinson MA, Tisher CC, Johnson R]. Uncoupling of vascu-
lar endothelial growth factor with nitric oxide as a mecha-
nism for diabetic vasculopathy. ] Am Soc Nephrol 2006; 17:
736-745 [PMID: 16436494 DOI: 10.1681/ ASN.2005070759]
Bortoloso E, Del Prete D, Vestre MD, Gambaso G, Saller
A, Antonucci F, Baggio B, Anglani F, Fioretto P. Quantita-
tive and qualitative changes in vasculr endothelial growth
factor gene expression in glomeruli of patients with type 2
diabetes. Euro | Endocrinol 2004; 150: 799-807 [DOI: 10.1530/
€je.0.1500799]

Hohenstein B, Hausknecht B, Boehmer K, Riess R, Brekken
RA, Hugo CP. Local VEGF activity but not VEGF expres-
sion is tightly regulated during diabetic nephropathy in
man. Kidney Int 2006; 69: 1654-1661 [PMID: 16541023 DOI:
10.1038/5j.ki.5000294]

Futrakul N, Butthep P, Futrakul P. Altered vascular ho-
meostasis in type 2 diabetic nephropathy. Ren Fail 2009; 31:
207-210 [PMID: 19288326 DOI: 10.1080/08860220802669859]
Futrakul N, Futrakul P. Vascular homeostasis and angiogen-
esis determine therapeutic effectiveness in type 2 diabetes.

November 6, 2013 | Volume 2 | Issue 4 |



19

20

21

Futrakul N et a/. Vascular response in diabetic kidney disease

Int | Vasc Med 2011; 2011: 971524 [PMID: 21748023 DOI:
10.1155/2011/971524]

Futrakul N, Butthep P, Chunhakarn S, Banyatsupprsin W,
Futrakul P. Vascular homeostasis in early (normo-albu-
minuric) type 2 diabetic nephropathy. Asian Biomed 2010; 4:
987-990

Futrakul N, Kulaputana O, Futrakul P, Chavanakul A, Dee-
kajorndech T. Enhanced peritubular capillary flow and renal
function can be accomplished in normoalbuminuric type
2 diabetic nephropathy. Ren Fail 2011; 33: 312-315 [PMID:
21401356 DOI: 10.3109/0886022X.2011.560405]
Deekajorndech T. A biomarker for detecting early tubuloin-

(49

Gz
Raishideng®

WIN | www.wjgnet.com

128

22

23

terstitial disease and ischemia in glomerulonephropathy.
Ren Fail 2007; 29: 1013-1017 [PMID: 18067049 DOI: 10.1080/0
8860220701643567]

Futrakul P, Yenrudi S, Futrakul N, Sensirivatana R, King-
watanakul P, Jungthirapanich J, Cherdkiadtikul T, Lao-
hapaibul A, Watana D, Singkhwa V, Futrakul S, Pongsin P.
Tubular function and tubulointerstitial disease. Am | Kidney
Dis 1999; 33: 886-891 [DOI: 10.1016/50272-6386(99)70421-X]
Futrakul N, Butthep P. Early detection of endothelial dys-
function and early therapeutic correction effectively restore
renal function in type 2 diabetic nephropathy. Ren Fail 2005;
27: 493-494 [PMID: 16060141]

P- Reviewers: Jaroszynski A, Prakash ], Shou FZ
S- Editor: Song XX L- Editor: A E- Editor: Wu HL

November 6, 2013 | Volume 2 | Issue 4 |



wdJ N

World Journal of
Nephrology

Online Submissions: http:/ /www.wjgnet.com/esps/
wijnephrol@wjgnet.com
doi:10.5527 / wjn.v2.i4.129

World | Nephrol 2013 November 6; 2(4): 129-135
ISSN 2220-6124 (online)

© 2013 Baishideng Publishing Group Co., Limited. All rights reserved.

BRIEF ARTICLE

A retrospective Aliskiren and Losartan study in non-diabetic

chronic kidney disease

Keng-Thye Woo, Hui-Lin Choong, Kok-Seng Wong, Han-Kim Tan, Marjorie Foo, Fook-Chong Stephanie,
Evan JC Lee, Vathsala Anantharaman, Grace SL Lee, Choong-Meng Chan

Keng-Thye Woo, Hui-Lin Choong, Kok-Seng Wong, Han-
Kim Tan, Marjorie Foo, Grace SL Lee, Choong-Meng Chan,
Department of Renal Medicine, Singapore General Hospital,
169608, Singapore

Fook-Chong Stephanie, Department of Clinical Research, Sin-
gapore General Hospital, 169608, Singapore

Evan JC Lee, Vathsala Anantharaman, Department of Ne-
phrology, National University of Singapore, 169608, Singapore
Author contributions: Woo KT, Main author, coordinated
study, recruited patients and preparation of manuscript; Choong
HL helped in designing data bases and strategy, recruited patients
and helped in writing; Wong KS involved in recruiting and par-
ticipation in trial and helped in editing paper; Tan HK helped in
recruiting, participation of trial , preparation of references and
tables; Foo M helped in recruitment of patients and their treat-
ment, preparation of paper; Stephanie FC, Statistician involved in
design and analysis of data, writing of relevant part of paper; Lee
EJC contributed patients and participated in treatment and follow
of patients; Anantharaman V helped to recruit and treat patients,
advised on paper; Lee GSL, Co-author and Co ordinator for pa-
tient recruitment, helped in editing of paper; Chan CM recruited
and treatment of trial patients, editing manuscript.

Supported by Singhealth Cluster with IRB approval, CIRB
Ref: 569E

Correspondence to: Keng-Thye Woo, Professor, Department
of Renal Medicine Singapore General Hospital, Outram Road,
169608, Singapore. woo.keng.thye@sgh.com.sg

Telephone: +65-63266049 Fax: +65-62202308

Received: May 28,2013  Revised: August 2, 2013
Accepted: August 28, 2013

Published online: November 6, 2013

Abstract

AIM: To assess the efficacy of combined Aliskiren and
Losartan vs high dose Losartan and Aliskiren alone in
chronic kidney disease (CKD).

METHODS: This is a retrospective study of 143 pa-
tients with non-diabetic CKD comparing combined
Aliskiren (150 mg/d) with Losartan (100 mg/d) therapy
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vs High dose Angiotensin receptor blockers (ARB)
(Losartan 200 mg/d) and the third group Aliskiren (150
mg/d) alone. This study involved only patient medi-
cal records. Entry criteria included those patients who
had been treated with the above drugs for at least 36
mo within the 5 years period; other criteria included
proteinuria of 1 g or more and or CKD Stage 3 at the
start of the 36 mo period. The study utilised primary
renal end points of estimated Glomerular Filtration Rate
(eGFR) < 15 mL/min or end stage renal failure.

RESULTS: Patients treated with high dose ARB com-
pared to the other two treatment groups had significantly
less proteinuria at the end of 36 mo (P < 0.007). All 3
groups had significant reduction of proteinuria (P < 0.043,
P < 0.001). Total urinary protein was significantly differ-
ent between the 3 groups over the 3-year study period
(P = 0.008), but not eGFR. The changes in eGFR from
baseline to each year were not significantly different be-
tween the 3 therapeutic groups (P < 0.119). There were
no significant differences in the systolic and diastolic
blood pressure between the 3 drug groups throughout
the 3 years. The incidence of hyperkalemia (> 5.5 mmol/
L) was 14.2% (7/49) in the Combined Aliskiren and ARB
group, 8.7% (4/46) in the Aliskiren alone group and 6.3%
(3/48) in the High dose ARB group (P < 0.001).

CONCLUSION: This study in non-diabetic CKD pa-
tients showed that Combination therapy with Aliskiren
and ARB was effective but was not safe as it was asso-
ciated with a high prevalence of hyperkalaemia.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Aliskiren; Chronic kidney disease disease;
Clinical trial

Core tip: The Aliskiren trial in type 2 diabetes using
Cardio-Renal Endpoints (ALTITUDE) study was able
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to unmask serious adverse events like ischemic heart
disease and strokes because it had included Cardio-
Renal Endpoints among its primary end points. It may
be advisable to require future trials on drugs which
could impact on the kidneys, heart and brain to have
similar Cardio-Renal Endpoints or Cardio-Neuro-Renal
End points to further ensure therapeutic safety of the
trial drug. Our modest study compared to the magni-
tude of the ALTITUDE study still managed to detect the
problem of hyperkalaemia in the group treated with
Combination therapy with Aliskiren and ARB. Based on
our study it would appear that the findings of the AL-
TITUDE study would also apply to non-diabetic Chronic
Kidney Disease patients.

Woo KT, Choong HL, Wong KS, Tan HK, Foo M, Stephanie FC,
Lee EJC, Anantharaman V, Lee GSL, Chan CM. A retrospec-
tive Aliskiren and Losartan study in non-diabetic chronic kidney
disease. World J Nephrol 2013; 2(4): 129-135 Available from:
URL: http://www.wjgnet.com/2220-6124/full/v2/i4/129.htm
DOI: http://dx.doi.org/10.5527/wjn.v2.i4.129

INTRODUCTION

One of the important strategies in the treatment of
chronic kidney disease (CKD) is the use of Angiotensin
converting enzyme inhibitors Angiotensin-converting en-
zyme inhibitors (ACEI) and Angiotensin receptor block-
ers (ARBs) to reduce proteinuria as well as to retard the
progression to end stage renal failure!™”. ACEI and ARBs
compete with the receptor for angiotensin and therefore
inhibit the action of angiotensin. However one of the
concerns in the use of these agents is the long term side
effects of progressive renal fibrosis with worsening of es-
timated Glomerular Filtration Rate (eGFR)™. ACEI and
ARBs indirectly cause renal fibrosis as they also promote
the increase of aldosterone which causes renal fibrosis''.
Because renin is not converted to angiotensin, there is a
build- up of renin in patients on ACEI and ARB.

Aliskiren is a new renal protective agent that inhibits
renin, the rate limiting step in the renin angiotensin aldo-
sterone system". In both healthy volunteers and disease
states, aliskiren reduces angiotensin II levels and plasma
renin activity (PRA), without stimulating compensa-
tory increases in PRA, angiotensin I and angiotensin Il
as seen with ACEI and ARB. Aliskiren allows for total
blockade of the renin angiotensin system and its benefi-
cial effect is independent of blood pressure (Bp) con-
trol !,

In our recent paper on the beneficial effects of long
term high dose ARB therapy in patients with IgA ne-
phritis over a period of 6 years”', we showed that high
dose ARB is more efficacious in reducing proteinuria and
preserving renal function in terms of earlier and more ef-
fective improvement in eGFR in those treated with high
dose ARB compared to those on normal dose ARB and
ACEI We believe that high dose ARB does so by caus-
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ing regression of glomerular sclerosis”. Busch e a/” have
also reported the beneficial effects of high dose Irbesar-
tan in patients with diabetic nephropathy.

The present study examines the effects of ARB
(Losartan 100 mg/d) combined with Aliskiren (150
mg/d), Aliskiren (150 mg/d) alone and High dose ARB
(Losartan 200 mg/d) in patients with Chronic Kidney
Disease (Chronic Glomerulonephritis). We compared the
therapeutic efficacy between High dose ARB (Losartan
200 mg/d) versus Combined Aliskiren (150 mg/d) with
Losartan (100 mg/d) and the third group Aliskiren alone
(150 mg/d to determine whether a Combined dose of
Aliskiren and Losartan is as effective as High dose Losar-
tan therapy and whether it confers additional renoprotec-
tive effects.

MATERIALS AND METHODS

In a database comprising 312 patients with Chronic
Kidney Disease, 143 patients with CKD due to Chronic
Glomerulonephritis and not due to diabetic nephropathy,
hypertensive nephrosclerosis, lupus nephritis or Henoch
Schonlein nephritis were recruited for the study. Data of
these 312 patients from 2007 to 2012 were examined for
the purpose of a retrospective study. Non biopsied CKD
patients formed the bulk of our clinical practice and were
more readily recruited. For purposes of standardisation
of the study, we decided to recruit only non-biopsied pa-
tients into the study. In this new database for the purpose
of this study, the database of 143 patients were selected,
among which 49 patients were treated with combination
therapy using Aliskiren and Losartan, 46 patients were
treated with Aliskiren alone and the remaining 48 pa-
tients were treated with High Dose Losartan alone. This
was a retrospective study involving only patient medical
records. Entry criteria included those patients who had
been treated on the above drugs for at least 36 mo within
the 5 years period; other criteria included proteinuria of 1
gram or more and or CKD Stage 3 at the start of the 36
mo period. There were no significant differences in the
various parameters between the 3 groups on entry into
the study (Table 1). All selected patients had adequate
control of Bp control which was achieved with addition
of atenolol, amlodipine or nifedipine.

Study design

All 143 patients in the database had the following inves-
tigations documented at six monthly intervals: serum
creatinine, eGFR and total urinary protein (TUP). Serum
creatinine was quantitated with alkaline picrate and TUP
was quantitated by biuret agent. Glomerular Filtration
Rate was estimated using the Cockcroft Gault formula
for e GFR™. Decrease in ¢GFR was expressed as mililiter
of eGFR loss per year over the 3 year duration from time
of entry to exit of the trial. Improvement in eGFR was
taken as the positive difference between the entry eGFR
and the exit eGFR over the study period. End stage renal
failure was equated with decline of eGFR to CKD stage
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Table 1 Comparing demographic and clinical profile of
patients treated with combined dose Aliskerin and Angiotensin

receptor blockers, Aliskerin alone and high dose Angiotensin
receptor blockers

Combined Aliskerin High dose 'P value
Aliskerin ARB
and ARB
n =49 n =46 n=48
Sex (F : M) 16:33 22:24 23:25 NS
Age at biopsy (yr) 58 £12 57 £12 60 £11 NS
Duration of Trial (mo) 37+1 361 36+1 NS
Hypertension (Yes : No) 16:15 15:31 17:31 NS
Serum Creatinine (umol/L)
Baseline 142+39 142+40 13932 NS
Year 3 159+53 161+54 150 +47 NS
(P=0.001) (P<0.001) (P=0.015)
eGFR (mL/min)
Baseline 49+19 48+ 14 48+ 14 NS
Year 3 44 +£18 42+15 45+15 NS
(P <0.001) (P<0.001) (P=0.002)
Decrease in eGFR (mL/ 1.8+25 20+3.0 1.0+21 P=0119
min per year)
Urinary Protein (gm/d)
Baseline 07+06 08+09 06+0.7 NS
Year 3 05+08 06+07 03+03 P=0.007

(P=0.002) (P=0.043) (P <0.001)
Blood Pressure (mmHg)

Systolic before 132+12 13510 132+12 NS
Systolic after 12710 130+9  128#11 NS
(P<0.001) (P<0.001) (P<0.001)
Diastolic before 84+7 85+6 84+7 NS
Diastolic after 82+5 83+6 83+6 NS
P=0.040 P=0.084 P=0361

Distribution of CKD at baseline

CKD 1 1 0 0 0.465

CKD 2 8 5 4

CKD 3 40 41 44
Distribution of CKD at year 3 0.606

CKD 1 1 0 0

CKD 2 8 7 5

CKD 3 28 26 34

CKD 4 12 13 9

Non-ESRF 49 46 48 NS

ESRF 0 0 0
Improvement in eGFR

Yes 12 15 15 0.645

No 37 31 33

'P value either from chi-square test or analysis of variance test comparing
the 3 groups. M: Male; F: Female; IQR: Interquartile Range, 25" percentile-
75" percentile, continuous data are presented as mean + SD or median (IQR)
and categorical data as count (%); eGFR: estimated Glomerular Filtration
Rate; CKD: Chronic Kidney Disease; ARB: Angiotensin receptor Blockers;
ESREF: End-stage renal failure; NS: No significant.

5 with eGFR less than 15 mL/min per year. The primaty
end points were stage 5 CKD or end stage renal failure.
The secondary end points were reduction of proteinuria
by 50% and change in eGFR. Of the 143 patients, 49
patients were treated with combination therapy using
Aliskiren and Losartan, 46 patients were treated with
Aliskiren alone and the remaining 48 patients were treat-
ed with High dose ARB (Losartan alone). Entry criteria
for the study included proteinuria of 1 gram or more and
or CKD Stage 3. There were no significant differences
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in the various parameters between the 3 groups on entry
into the study. The records showed that additional Bp
control was achieved with atenolol, amlodipine and nife-

dipine

Sample size

Sample size calculation was based on the proportion
of patients achieving 30% decrease in TUP. A second
sample size calculation was done to compare the rate
of 30% TUP decrease between High dose ARB and
Aliskiren alone. Assuming that the rate of TUP decrease
to be 30% in the Normal dose ARB and Normal dose
Aliskiren and 60% in the High dose ARB, the number of
patients required in each group was 49 for a 2-sided test
with o = 0.05 and power of 80%. As we expected High
dose ARB to be even more efficacious, 50% reduction of
TUP was chosen. We expected the effects of combina-
tion dose of ARB plus Aliskiren to be about the same as
that of High dose ARB.

Statistical analysis

SPSS 10.1 for Windows was used for all analysis. Results
were expressed as mean £ SD or median (range) or
count (%). For univariate analysis, Pearson’s y~ test was
used for comparing categorical data and analysis of vari-
ance (ANOVA) for comparing numeric data between
the 3 treatment arms. ANOVA was followed by multiple
comparison with Student-Newman-Keuls (SNK) range
test whenever statistical significance was found between
the 3 arms. Next, Multivariate Analysis of Variance
(MANOVA) with repeated measures was used to test the
effect of drug treatment on both eGFR and total urine
proteinuria (TUP). The dependent variables were eGFR
and TUP measured at 4 time points, namely baseline and
thereafter every year of the 3 years of the study. The
between-subject factor was treatment group with 3 levels
corresponding to Combination dose of ARB and Aliski-
ren, Aliskiren alone and high dose ARB. Adjustment
was made for the covariates of average systolic Bp and
average diastolic Bp. Average blood pressures were cal-
culated by taking the mean of all blood pressures while
on medication (mean of blood pressures from 1-3 year).
Within MANOVA, the effect of high dose ARB on the
outcomes of eGFR and TUP was compared with each
of the other drug dosage groups by simple contrast com-
parison testing. Similarly, repeated contrast testing was
done to obtain and compare the loss in eGFR in each
year between the various drug groups.

Plots of mean values of eGFR and TUP adjusted
for covariates of systolic Bp and diastolic Bp were pre-
sented. So were the contrast estimates, their correspond-
ing 95%CI and P values for the comparison of eGFR
and TUP between the levels of interest of the treat-
ment group. Results of 2 types of comparison, change
in eGFR and TUP from baseline to each time point
compared between the 3 drug groups and loss in eGFR
compared between the 3 drug groups were presented in a
table with the F statistics and P values.
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Figure 1 Mean estimated glomerular filtration rate and mean total urinary
protein with its standard error for the 3 treatment groups. A: Mean estimat-
ed Glomerular Filtration Rate; B: Mean Total Urinary Protein. eGFR: Estimated
glomerular filtration rate; TUP: Total urinary protein; SE: Standard error.

RESULTS

Table 1 compares the eGFR, proteinuria and decrease in
eGFR between Combination dose of Aliskiten and ARB,
Aliskiren alone, and high dose ARB before and after the
trial. High dose ARB had significantly higher eGFR and
less proteinuria at the end of the trial compared to the
other 2 treatment groups by post-hoc Student-Neuman-
Keuls range test. However, there was no significance dif-
ference in these parameters between the 2 other groups
by the same SNK range test. The decrease in eGFR was
0.98 mI./min per year in the high dose ARB group com-
pared to 1.77 and 2.02 mL/min per year in the Combined
Aliskiren and ARB group and the group on Aliskiren
alone respectively (P < 0.119). There were 15 patients out
of 48 (31.3%) who had improved eGFR at the end of the
study in the high dose ARB group compared to 12 out of
49 (24.4%) in Combined Aliskiren and ARB group and
15 out of 46 patients (32.6%) in the group on Aliskiren
alone (P < 0.645, 12 = 645). There were no patients with
ESREF at the end of the study in all the 3 groups. There
tended to be fewer patients with CKD4 in the high Dose
ARB compared to the other 2 treatment arms at the end
of the study (High dose ARB »s Combined Aliskiren
and ARB us Aliskiren alone: 18.8% »s 24.5% vs 28.3%, P
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Table 2 Test of within-subject contrast (change from baseline

and change from previous year) for estimated glomerular
filtration rate and total urinary protein

Variable Measure Year F P value

Change from Yearl treatment eGFR year 1vs baseline' 0.63 0.530
year 2 vs baseline 0.46 0.632

year 3 vs baseline 2.16 0.119

TUP  year 1 vs baseline 6.00 0.003
year 2 vs baseline 4.16 0.018

year 3 vs baseline 0.90 0.409
Change from Yearl treatment eGFR year 1 vs baseline' 0.63 0.536
year2vsyear1 0.03 0.967
year3vsyear2 293 0.057

TUP  year 1 vs baseline 6.01 0.003
year2vsyear1l 0.16 0.851
year3vsyear2 3.11 0.048

baseline

previous year

"Each row of the table tests the change from baseline to that time between
the 4 groups. eGFR: Estimated glomerular filtration rate; TUP: Total urinary
protein.

=0.55, ° = 1.199, Table 1).

From the results of the multivariate ANOVA with
repeated measures, TUP (Faio = 5.041, P = 0.008, Figure
1A) was significantly different between the 3 groups over
the 3-year study period, but not eGFR (F2140= 0.194, P =
0.824, Figure1B). Over the whole study period, TUP for
combined Aliskiren and ARB group (contrast estimate =
0.26, 95%CI = 0.06, 0.47, P = 0.013) and Aliskiren alone
group (contrast estimate = 0.31, 95%CI = 0.10, 0.52, P =
0.004) were significantly higher than for high dose ARB
(Table 2).

The changes in eGEFR from baseline to each year were
not significantly differently between the 3 therapeutic
groups (Figure 1A, Table 2). For TUP, ARB high dose
distinctively showed a bigger drop from baseline value,
compared to the rest at years 1 and 2 (Figure 1B, Table 2).
There was a trend towards improvement in eGFR from
year 2 to year 3 in High dose ARB group as opposed
to Combined Aliskiren and ARB group, and Aliskiren
alone group which both showed a drop in eGFR (Figure
1A, P = 0.057 as scen in Table 2). This is also shown in
Figure 2 which depicted the yearly loss of eGFR (loss
from previous year) in the various groups. For TUP the
yearly changes were significantly higher in high dose ARB
group compared to Combined Aliskiren and ARB group
and Aliskiren alone group (Figure 1B, Table 2). The Bp
levels, Systolic and Diastolic over the 3 years for the 3
drug groups are displayed graphically in Figure 3A and
3B respectively. There were no significant differences be-
tween the 3 drug groups throughout the 3 years.

The incidence of hyperkalaemia (> 5.5 mmol/L) was
14.2% (7/49) in the combined Aliskiren and ARB group,
8.7% (4/46) in the Aliskiren alone group and 6.3% (3/48)
in the high dose ARB group (P < 0.001). For hyperkalae-
mia = 6.0 mmol/L it was 4.1% (2/49) in the Combined
Aliskiren and ARB group, 0% (0/46) in the Aliskiren
alone group and 2.1% (1/48) in the High dose ARB
group (P < 0.07).
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Figure 3 Mean systolic blood pressure and diastolic blood pressure with its standard error for the 3 treatment groups. A: Systolic Bp; B: Diastolic Bp. SE:

Standard error; Bp: Blood pressure.

DISCUSSION

The above data from our study showed that among pa-
tients with non-diabetic CKD, those treated with High
dose ARB tended to have higher eGFR and less pro-
teinuria at the end of the trial compared to the other 2
treatment groups on Combined Aliskiren and ARB and
those on Aliskiren alone. The decrease in eGFR in the
high dose ARB group tended to be less compared to the
Combined Aliskiten and ARB group and the group on
Aliskiren alone respectively though this difference was
not significant (P < 0.119). Multivariate analyses showed
no confounding factors to account for the above differ-
ences. The Bp of all 3 drug groups showed no significant
differences and did not influence any of the above data.

This retrospective study was initiated because of the
recent early termination of the Aliskiren trial in type 2
diabetes using Cardio-Renal Endpoints (ALTTTUDE)""
as the results showed that there was no benefit with
Aliskiten and that there were more cases of stroke, renal
complications, hyperkalaemia and hypotension in patients
who received Aliskiren compared with patients who re-
ceived a placebo.

In view of futility of meeting the final endpoint and
the substantial safety concerns through the preliminary
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analyses of the interim results, the Data Monitoring
Committee recommended that all subjects cease treat-
ment with Aliskiren. Additional analyses from ALTI-
TUDE by Norvatis are ongoing' .

To date, the Health Science Authority (HSA) of
Singaporem] has received 14 suspected adverse reaction
reports associated with the use of Aliskiren, of which 4
involved CV events (1 case of hypotension, myocardial
infarction and stroke and 3 cases of hypotension). HSA
has recommended that Aliskiren or Aliskiren combina-
tion with ACE Inhibitors (ACEI) or ARBs should not
be used in Diabetics or patients with severe renal failure
(eGFR < 30 mL/ min)m].

Parving ¢ a/'" in 2008, published the results of a dou-
ble blind randomised controlled trial of Aliskiten com-
bined with Losartan in 599 patients with type 2 Diabetes
with nephropathy (AVOID Study) over a 6 mo period.
Patients on the Aliskiren arm (# = 301) were presctibed
a dose of Aliskiren of 150 mg/d for 3 mo and then in-
creased to 300 mg/d for the next 3 mo in combination
with Losartan 100 mg/d. There were 298 patients in the
placebo arm. The primary outcome was a reduction in the
ratio of albumin to creatinine, measured in an eatly morn-
ing urine sample at 6 mo. The results of the study showed
that the decline in eGFR was the same in the treatment
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and placebo group but the decline in the treatment group
tended to be less than in the placebo group at 6 mo. The
reduction of albuminutia by 50% occurred twice as often
in the treatment group compared to the placebo group.
The authors concluded that Aliskiren appeared to have a
renoprotective effect independent of its Bp lowering ef-
fect in patients with type 2 diabetes who were receiving
maximal renoprotective treatment and optimal antihy-
pertensive therapy. Hyperkalamia, based on a single mea-
surement of serum potassium > 5.5 mmol/L was more
frequent in the Aliskiren treated group (41/301 or 13.7%)
compared with the placebo group (32/298 or 10.8%) (P
= 0.07). Severe hyperkalaemia (serum potassium > 6.0
mmol/L) occurred in 14 patients in the Aliskiren treated
group (4.7%) compared to 5 placebo treated patients
(1.7%) (P = 0.113). Symptoms of hypotension were not a
frequent adverse event, with no difference in the 2 groups.
Parving ¢ al'¥ in a post hoc analysis of Parving’s AVOID
trial' concluded that Aliskiren added to Losartan reduced
albuminuria and renal dysfunction and was well tolerated,
except for hyperkalaemia in stage 3 CKD patients, inde-
pendent of baseline CKD stage in patients with type 2
diabetes, hypertension and nephropathylw].

In an open labelled pilot study by Tang e# al in 25
consecutive patients where Aliskiren (300 mg/d) was
prescribed despite being on maximum ARB therapy with
Losartan (100 mg/d) for 3 mo in patients with IgA ne-
phropathy (stage 3 CKD with proteinutia > 1 mg/d) over
a 12 mo period, there was a 22% reduction in proteinuria
at 6 mo and 26% reduction at 12 mo. This was associ-
ated with significant reductions in plasma renin activity,
serum interlukin-6 and transforming growth factor f3 lev-
els compared to baseline levels. Two patients developed
mild allergic reactions and 6 (24%) patients had transient
hyperkalaemia (serum K' > 5.5 mmol/L). The authors
concluded that Aliskiren conferred an antiproteinuric
effect in patients with IgA nephropathy with significant
residual proteinuria, despite receiving the recommended
renoprotective treatment.

In a systemic review and meta-analyses of aliskiren
and angiotensin receptor blockers in the management of
essential hypertension, 7 randomised controlled trials, du-
ration of follow up for at least 4 wk by Zheng ez al'™, no
differences were found between the two groups.

The trials of Utesin ¢z /"™ and that of Oparil ez 2/,
gave no indication regarding the renoprotective efficacy
of Aliskiren, the initial trials of Aliskiren involved pa-
tients with hypertension, being first developed as an anti-
hypertensive agent. They were short trials in hypertensive
patients™! lasting 8 wk and did not address the question
of renoprotection.

The ALTITUDE study was able to unmask serious
adverse events like ischemic heart disease and strokes be-
cause it had included Cardio-Renal Endpoints among its
primary end points.

It would be advisable to require future trials on drugs
which could impact on the kidneys, heart and brain to
have similar Cardio-Renal Endpoints or Cardio-Neuro-
Renal End points to further ensure therapeutic safety of
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the trial drug.

In conclusion, our present study in 143 patients with
CKD over 3 yeats showed that the use of Combination
therapy of Aliskiren with ARB Losartan or Aliskiren
alone were efficacious as an antiproteinuric drug when
compared to High dose Losartan. But like Parving",
our study showed that the incidence of hyperkalaemia (>
5.5 mmol/L) was 14.2% in the Combined Aliskiren and
ARB group, 8.7% in the Aliskiren alone group and 6.3%
in the High dose ARB group (P < 0.001).

The problem of hyperkalaemia was 36.9% in the
Aliskiren group versus 27.1% in the placebo group in the
ALTITUDE study. Parving’s AVOID study"" showed
that patients on combined Aliskiren and ARB had 13.7%
with Hyperkalaemia > 5.5 mmol/L compared to 10.8%
for Placebo group and 4.7% and 1.7% respectively for
serum K' = 6mmol/L (P < 0.113). Like Parving, all
our patients had stage 3 CKD but we were only using
150 mg/d of Alisikiren compared to 300mg/d in Parv-
ing’s study'¥.

Our modest study compated to the magnitude of the
ALTITUDE study still managed to detect the problem
of hyperkalaemia in the group treated with Combination
therapy with Aliskiren and ARB like those of Parving""
and Tang’s"’. Based on our study it would appear that
the findings of the ALTITUDE study would also apply
to non-diabetic CKD patients.
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COMMENTS

Background

For the future, Aldosterone blockade and the mineralocorticoid receptor an-
tagonist would probably be the new emerging therapy in the management of
Chronic Kidney Disease (CKD). Hitherto, the major therapeutic intervention to
delay progression of CKD and the risk of endstagerenaldisease has been the
use of Angiotensin-Converting Enzyme Inhibitors/Angiotensin receptor Blockers
and more recently the use of direct renin inhibitors. But in The authors’ opinion,
the release of the Trial in Type 2 Diabetes using Cardio-Renal Endpoints report
may have effectively tolled the bell for the use of Combination therapy involving
Aliskiren as renin inhibitors for now.

Research frontiers

The authors have used Aliskiren in a dose of 150 mg/d for the treatment of CKD
patients with proteinuria. The maximum therapeutic dose is 300 mg/d. Perhaps,
if the authors had used Aliskiren in a dose of 300 mg/d, the effects would have
been better and comparable to high dose Angiotensin receptor blockers (ARB)
therapy. However, the authors would have to contend with the major side effect
of hyperkalaemia which is a disadvantage of combination therapy of Aliskiren
and ARB.

Applications

Treatment of Patients with CKD with proteinuria. The authors believe that Aliskiren,
by itself is still an effective and innovative therapy for treatment of hypertension. It
was first introduced as an anti- hypertensive drug and still is widely used as such.
Terminology

Aliskiren, a direct renin inhibitor, hypertensive drug. Also renoprotective as it
reduces proteinuria, but major side effect of hyperkalaemia.
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Peer review

This retrospective study has its limitations. It is not a randomised controlled
trial and though the statistics show that it is adequately powered, the number of
patients entered in the study are small. The dose of Aliskiren employed in most
studies is 300 mg/d. Here the investigators have chosen a dose of 150 mg/d.
Perhaps with a dose of 300 mg/d, Aliskiren may prove to be more efficacious.
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Normally, three experts are invited for each article. Decision on
acceptance is made only when at least two experts recommend
publication of an article. All peer-reviewers are acknowledged on
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Abstract
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An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be struc-
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Only the purpose of the study should be included. Please write the
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for Brief Articles), RESULTS (no less than 150 words for Original
Articles and no less than 120 words for Brief Articles; You should
present P values where appropriate and must provide relevant data
to illustrate how they were obtained, e.g., 6.92 + 3.86 »s 3.61 £ 1.67,
P <0.001), and CONCLUSION (no mote than 26 words).

Key words
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reflect the content of the study.

Core tip
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most innovative and important arguments and core contents in
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Text

For articles of these sections, original articles and brief articles, the main
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TION, MATERIALS AND METHODS, RESULTS and DISCUS-
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be presented in the main text or in Figures and Tables, but not in both.
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our principle to publish high resolution-figures for the E-versions.

Tables
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cleatly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
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but not duplicate the text. Use one horizontal line under the title, a
second under column heads, and a third below the Table, above any
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations

Data that are not statistically significant should not be noted. ‘P <
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Statistical data
Write as mean £ SD or mean * SE.

Statistical expression

Express 7test as 7 (in italics), I test as I (in italics), chi square test as XZ
(in Greek), related coefficient as 7 (in italics), degree of freedom as v (in
Greek), sample number as # (in italics), and probability as P (in italics).
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blood glucose concentration, ¢ (glucose) 6.4 £ 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 ug/L; CO, volume
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The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/2220-6124/
g info_20100725073806.htm.
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breviations: A Guide for Biological and Medical Editors and Authors
(Ed. Baron DN, 1988) published by The Royal Society of Medicine,
London. Certain commonly used abbreviations, such as DNA, RNA,
HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG,
ELISA, PBS, ATP, EDTA, mAb, can be used directly without further

explanation.

Italics

Quantities: 7 time or temperature, ¢ concentration, 4 area, /length,
m mass, 17 volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.

Restriction enzymes: EcoRl, Hindl, BawHI, Kbo 1, Kpn 1, ete.

Biology: H. pylori, E coli, ete.

Examples for paper writing
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link: http:/ /www.wjgnet.com/esps/NavigatonInfo.aspxrid=15
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