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RESUMO

A Nefropatia Diabética (ND) ¢ uma complicagdo cronica do Diabetes Mellitus (DM)
que atinge em torno de 30% destes individuos, sendo responsavel por mais de um tergo
dos novos casos de insuficiéncia renal em individuos no inicio do programa de didlise.
Esta complicacdo ¢ também associada a um aumento significativo da mortalidade
nesses pacientes.

Estudos epidemiologicos e de agregacao familial tém demonstrado que além dos
conhecidos fatores ambientais, ND ¢ uma doenca multifatorial com um componente
genético. Grandes esforcos tém sido feitos para identificar estes genes, mas os
resultados ainda sdo inconsistentes com diferentes genes associados a um efeito
pequeno em populacdes especificas. A identificacdo de tais genes que permitem a
deteccao de individuos de alto risco para desenvolver ND pode permitir-nos ter uma
melhor compreensdo da sua fisiopatologia.

A ENPPI (ecto-nucleotide pyrophosphatase / phosphodiesterase 1) ¢ uma
proteina expressa na membrana celular de varios tecidos, incluindo os rins. Constatou-
se que niveis aumentados de expressao da ENPP1 inibem a atividade tirosina-quinase
do receptor da insulina em varios tipos celulares, causando resisténcia a insulina. A
expressdao aumentada de ENPP1 inibe a sinalizacdo da insulina em vérios tipos celulares
in vitro, parecendo estar fortemente associada ao receptor da insulina na superficie
celular. O polimorfismo K121Q (A/C) do gene ENNPI esta associado com resisténcia a

insulina e com o desenvolvimento da ND em diferentes populacdes.
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Apesar do papel da proteina ENPP1 na patogénese de DN ser de importancia
vital, ainda sdo desconhecidos os efeitos do polimorfismo K121Q na expressdo deste
gene em tecido de rim humano.

No presente estudo, analisamos a expressao gé€nica e protéica da ENPP1 em
biopsias de tecido renal humano de acordo com os diferentes gendtipos do
polimorfismo K121Q.

Foram incluidos 107 pacientes submetidos a nefrectomia terapéutica para se
obter a amostra esperada em cada grupo. Apds os critérios de exclusdo, 57 amostras (9
Q/Q, 27 Q/K, 20 K/K) foram elegiveis para o estudo e técnica de imunohistoquimica a
fim de analisar a expressdo protéica da ENPP1. Posteriormente foram selecionadas 34
amostras (9 Q/Q, 12 Q/K, 13 K/K) para investigar a expressao do gene ENPPI, através
da técnica de PCR em tempo real.

A expressao gé€nica da ENPP1 no rim nao diferiu significativamente entre os
portadores do alelo Q vs. K/K (QQ/KQ vs. K/K; 1.0 (0.1 — 1.6) vs. 0.72 (0.1 — 2.1) AU
(unidades arbitrarias), respectivamente; P = 0.483). Da mesma forma, a expressao
protéica da ENPPI ndo diferiu em portadores (K/Q + Q/Q) quando comparados a ndo
portadores (K/K) do gendtipo de risco (2.86 £ 0.32 vs. 2.78 £ 0.35 AU; P =0.417).

Em conclusdo, nosso resultado sugere que o polimorfismo KI121Q ndo estd

associado a mudangas de expressao génica ou protéica no rim humano.
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INTRODUCAO
A Nefropatia Diabética (ND) ¢ uma complicagdo cronica do Diabetes Mellitus (DM)
que atinge em torno de 30% destes individuos, sendo responsavel por mais de um ter¢o
dos novos casos de insuficiéncia renal em individuos no inicio do programa de didlise.
Esta complicacdo ¢ também associada a um aumento significativo da mortalidade
nesses pacientes (1).

Os tratamentos em busca do melhor controle glicémico e da pressao arterial,
associado ao uso de inibidores do sistema renina-angiotensina, tem retardado o
surgimento e  progressdo para ND  terminal nos  ultimos  anos

(http://www.cdc.gov/mmwr/preview/mmwrhtml/mm 5443a2.htm), porém uma grande

propor¢ao de pacientes com DM ainda desenvolve essa complicagao.

Estudos de agregacdo familiar mostram uma importante concordancia para o
desenvolvimento de ND em algumas familias e reforcam a hipotese de que existem
fatores genéticos envolvidos na sua patogénese (2, 3). Individuos com DM que possuem
familiares diabéticos com ND mostram risco aumentado de desenvolver esta
complicagdo em comparagdao com individuos com DM sem familiares com ND (2, 4, 5,
6). Acredita-se que os individuos com DM tipo 2 que nao desenvolvem esta
complicagdo nos primeiros 10 a 15 anos apds o inicio da doenca parecem estar
protegidos geneticamente (5).

Dados epidemioldgicos também indicam suscetibilidade genética para o
desenvolvimento da ND uma vez que existe um pico de incidéncia entre 15 a 20 anos
apods o diagnostico de DM, seguido por um rapido declinio, resultando em uma
incidéncia cumulativa de menos de 30% (7, 8). Se a ND fosse causada apenas pela
hiperglicemia, sua incidéncia aumentaria progressivamente ao longo do tempo e a

maioria dos pacientes com DM desenvolveriam doenca renal, similarmente ao que
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acontece com a retinopatia diabética (9). A complexidade da ND depende do efeito de
muitas variaveis genéticas atuando sinergicamente e aditivamente uma com a outra e
com fatores ambientais (10).

Neste sentido, hd varios métodos de se pesquisar o papel de genes na
suscetibilidade para a ND (11, 12, 13, 14). Uma estratégia frequentemente utilizada ¢ a
do gene candidato (15, 16). Grandes esforcos tém sido feitos para identificar estes
genes, mas os resultados ainda sao inconsistentes com diferentes genes associados a um
efeito pequeno em populacdes especificas. A identificagdo de tais genes que permitem a
deteccao de individuos de alto risco para desenvolver ND pode permitir-nos ter uma
melhor compreensdo da sua fisiopatologia.

A ENPPI (ectonucleotideo pirofosfatase/fosfodiesterase 1) ¢ uma proteina
expressa na membrana celular de varios tecidos, incluindo os rins. Constatou-se que
niveis aumentados de expressao da ENPP1 inibem a atividade tirosina-quinase do
receptor da insulina em varios tipos celulares, causando resisténcia a acdo da insulina
(RI). A expressao aumentada de ENPP1 inibe a sinaliza¢dao da insulina em varios tipos
celulares in vitro, parecendo estar fortemente associada ao receptor da insulina na
superficie celular (17).

Dados publicados por Pizzuti ef al. descreveram um polimorfismo no éxon 4 do
gene ENPPI, o qual causa a troca do aminodcido lisina (K) para glutamina (Q) no
codon 121 (K121Q) (18). Essa troca de aminodacido estéa localizada no segundo dominio
somatomedin-B-like da ENPP1 e pode interferir com as interagdes proteina-proteina.
Estudos in vitro demonstraram que a variante Q do gene ENPPI interage mais
fortemente com o receptor da insulina do que a variante K e reduz a autofosforilagdo do
receptor da insulina, indicando que o polimorfismo K121Q (A/C) do gene ENNPI esta

associado com RI e com o desenvolvimento da ND em diferentes populacdes (18).
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Desta forma, o gene ENPPI torna-se um possivel gene candidato para o
desenvolvimento da ND. Apesar do papel da proteina ENPP1 na patogénese da ND
parecer ser relevante, ainda sao desconhecidos os efeitos do polimorfismo K121Q na
expressao deste gene em tecido renal humano.

O trabalho desenvolvido nesta dissertagdo teve como objetivo revisar e
aprofundar nosso conhecimento sobre o papel da ENPP1 na ND (artigo de revisdo),
com foco no efeito do polimorfismo K121Q do gene ENPPI em tecido renal humano

(artigo original).
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ABSTRACT

The increased prevalence of diabetes mellitus has caused a rise in the occurrence of its
chronic complications, such as diabetic nephropathy (DN), which is associated with
elevated morbidity and mortality. Familial aggregation studies have demonstrated that
besides the known environmental risk factors, DN has a major genetic component.
Therefore, it is necessary to identify genes associated with risk for or protection against
DN. Ecto-nucleotide pyrophosphatase/phosphodiesterase 1 (ENPP1) is expressed in
several tissues, including the kidneys. Increased levels of ENPP1 expression inhibit
tyrosine-kinase activity of the insulin receptor in several cell types, leading to insulin
resistance. K121Q polymorphism of the ENPPI gene seems to be associated with
insulin resistance and DN development. The elucidation of genetic factors and their
associations will provide better understanding of the pathogenesis of DN and, may

consequently, lead to a more effective approach to prevention and treatment.

Keywords: ENPP1; diabetic nephropathy; diabetes mellitus; DNA polymorphisms;

chronic renal disease; insulin resistance
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INTRODUCTION

Diabetes mellitus (DM) is characterized by chronic hyperglycemia resulting from defects in
both insulin secretion and action (1). Depending on the intensity and time of exposure to
hyperglycemia, structural lesions can occur in the vascular endothelium and neuronal tissue,
leading to the onset of diabetic chronic complications and, ultimately, causing dysfunction
and failure of several organs and tissues. These complications can be divided into
microangiopathic and macroangiopathic, and they are the most common causes of morbidity
and mortality in diabetic patients. Among the most important diabetic chronic complications

is diabetic nephropathy (DN) (1).

DIABETIC NEPHROPATHY (DN)
Chronic kidney disease (CKD) is defined as kidney damage resulting from structural or
functional abnormalities of the kidneys, or by glomerular filtration rate (GFR) < 60
ml/min/1.73 m2, with or without structural kidney damage, for a period of 3 months or more,
independent of cause (2). DN is the main cause of kidney disease in patients entering dialysis
programs (2). Traditionally, DN is characterized by physiopathological changes resulting
from the diabetic milieu, which begin with glomerular hyperfiltration and kidney
hypertrophy, and tend to progress to proteinuria and progressive GFR reduction (2).
Hyperglycemia, elevated blood pressure levels and genetic predisposition are major risk
factors for DN (2, 3). In addition, elevated levels of serum lipids, smoking, and the amount
and source of dietary protein also appear to be risk factors for developing DN (2).

DN incipient stage is characterized by a small increase in urinary protein excretion,
mainly albumin. This small amount of protein (known as microalbuminuria) is not detected

by total urinary protein measurements. Only very sensitive tests (immunoassays or HPLC
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techniques) are able to detect these small amounts of albumin in urine. The alteration may be
present at any time in DM, but is more frequently detected after at least five years of disease
evolution. The evolution of microalbuminuria is very variable. Without intervention in
patients with type 1 DM, microalbuminuria can evolve to clinical proteinuria (or
macroalbuminuria) over a period of approximately 10 years. It is only then that conventional
urine tests begin to detect the alteration. During microalbuminuria stage, no change in GFR is
expected, but a progressive decline in GFR occurs in the proteinuric phase, which may
ultimately evolve to end-stage renal disease (ESRD) within another 10 years (4). However,
more recent knowledge suggests that this progression is not so well-defined. About one third
of subjects with microalbuminuria will spontaneously regress to normoalbuminuria, and
approximately the same proportion will remain stable in the microalbuminuria stage (5). It is
also known that a proportion of subjects will present reduced GFR in the absence of increased
urinary albuminuria (6).

DN affects around 30% of diabetic patients and is responsible for over a third of new
cases of kidney failure in individuals entering dialysis programs. It is associated with a major
increase in mortality, mainly from cardiovascular causes (7). Bruno and Gross followed up
111 diabetic patients beginning dialysis at different centers for an average 3.6 years, and
observed that DN was the primary kidney disease in 61% of the cases (8). The mean survival
rate in the 1st, 2nd and 3rd year of follow-up was 69%, 51% and 28%, respectively.
Macrovascular complications were the main predictors of mortality in this cohort, and
cardiovascular disease was the main cause of death (63% of the cases) (8).

Between 25 and 40% of type 1 DM patients develop DN after 25 years of disease, and
DN is the main cause of death in these patients (9). The cumulative incidence of

microalbuminuria in type 1 DM patients was 12.6% in a 7.3 years follow-up, according to
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The European Diabetes (EURODIAB) Prospective Complications Study Group (10).
Proteinuria or macroalbuminuria occur in 15% to 40% of type 1 DM patients, with a peak
incidence at 15-20 years of DM (11). In type 2 DM, up to 33% of patients presented DN after
an 18-year follow-up, in a Danish study (12). In patients with type 2 DM, the prevalence of
DN varies from 20% to 50%, depending on the ethnic origin (12). The anual incidence of
proteinuria was 2.0%, and the prevalence after 10 years of type 2 DM diagnosis was 25% in
the UK Prospective Diabetes Study (UKPDS) cohorts (13). The prevalence of proteinuria can

vary between 5% to 20% (13).

GENETICS OF THE DIABETIC NEPHROPATHY
Familial aggregation studies show major agreement for the development of DN in some
families, strengthening the hypothesis that there are genetic factors involved in its
pathogenesis (14). Diabetic patients who have relatives with both DM and DN present a
significantly greater risk of developing renal disease compared with diabetic patients who
have no relatives with this complication (14, 15). Epidemiological data indicate that there is a
genetic susceptibility to the development of DN, because the incidence peaks between 15 and
20 years after the diagnosis of DM, and then declines rapidly, resulting in a cumulative
incidence of less than 30% (16). If DN were caused only by hyperglycemia, its incidence
would increase progressively over time, and most diabetic patients would develop renal
disease, similar to what happens with diabetic retinopathy (17).

Furthermore, patients with DM and DN present a family history of arterial
hypertension and cardiovascular disease (CVD) more often than diabetic patients without DN
(18). The presence of microalbuminuria is a strong predictor of death by CVD, possibly even

stronger than it predicts the development of more severe forms of DN (12, 19).
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Therefore, it is necessary to identify genes that may predispose to the development
and progression of kidney disease, as well as genes that may be associated with protection
against this complication.

It has been estimated that the human genome contains about 25,000 genes and more
than 10 million genetic polymorphisms (20). The development of a complex disease such as
DN depends on the effect of many genetic variables acting synergistically and additively with
each other and with environmental factors (21).

There are several ways of studying the role of genes in relation to DN susceptibility
(20). An often used strategy is the candidate gene approach (22). Among the different studies
that have evaluated the role of genetics in DN using this approach, we will focus on those

related to gene ENPPI.

ECTO-NUCLEOTIDE PYROPHOSPHATASE/PHOSPHODIESTERASE 1 (ENPP1)
PROTEIN AND INSULIN RESISTANCE

ENPP1 (ecto-nucleotide pyrophosphatase/phosphodiesterase 1) is one of the five
cell-membrane proteins containing an active extracellular site which catalyzes the release of
nucleoside-5-phosphatase from nucleotides and their products. These proteins consist of a
short terminal NH2 intracellular domain, a single transmembrane domain, two
somatomedin-B-like domains, and one COOH-terminal nuclease-like domain (23). ENPP1 is
a 230-260 kDa homodimer, and its reduced form has a molecular size of 115-135 kDa,

depending on the cell type (24). Human ENPP1 has 873 aminoacids (24).

It is known that ENPPI is expressed in several tissues, including skeletal tissue,
adipose tissue, and liver and kidneys (24). However, the physiological functions of ENPP1 in

these tissues have not yet been fully described. It is also expressed, in smaller amounts, in

24



pancreatic islets, brain, heart, placenta, lungs, epididymis, salivary glands, chondrocytes,
lymphocytes, and fibroblasts (24). Increased ENPP1 expression inhibits the tyrosine kinase
activity of the insulin receptor in several cells (25, 26), and causes insulin resistance (25, 27,

28).

Several studies have demonstrated the in vitro and in vivo action of ENPP1. Increased
expression of ENPP1 inhibits insulin signaling in several cell types in vitro (26, 29, 30), and

appears to be physically associated with the insulin receptor on the cell surface (26) (Figure
1).

ENPP1 seems to play a role in glucose metabolism impairment in vivo. Insulin
resistant rodents and humans present high levels of expression of this protein (27, 28, 30, 31).
Furthermore, genetically modified mice with increased ENPP1 expression in the liver and
skeletal muscle show high levels of glucose and insulin, a lower degree of oral glucose
tolerance, and a lower uptake of glucose in muscle (32). On the other hand, using a short
hairpin RNA (shRNA) linked to an adenoviral vector to nearly completely block of ENPP1
expression in the liver of db/db mice reduced postprandial plasma glucose levels by about
30%, fasting plasma glucose levels by 25%, and significantly improved the oral glucose

tolerance rate (33).

The pioneer study of Maddux and cols. was the first to describe a rare case of extreme
insulin resistance in a patient whose marked inhibition of the insulin receptor function was
due to increased ENPP1 expression (25). The deleterious effects of increased ENPP1
expression on the insulin receptor was confirmed by all subsequent studies performed on
human cells (10, 26, 34, 35). Results from preclinical models involving insulin resistant,
non-obese individuals without DM (thus avoiding the interference of obesity or metabolic

defects resulting from hyperglycemia in ENPP1 expression), enabled the elaboration of the
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hypothesis that the increased expression of this protein in insulin resistant humans is an early
and intrinsic defect, instead of the result of secondary metabolic alterations associated with

the insulin resistance state (27, 28, 31).

THE ASSOCIATION BETWEEN POLYMORPHISMS IN THE ENPP1 GENE AND
INSULIN RESISTANCE, TYPE 2 DIABETES MELLITUS, OR DIABETIC
NEPHROPATHY
The gene that encodes ENPP1 has 25 exons and is located on chromosome 6q22-23 (36,
37) (Figure 2). This gene is regulated by glucocorticoids, agents that lead to an increase in
cAMP, protein kinase C activator, phorbol myristate acetate, growth factors such as
fibroblast growth factor, and cytokines, including IL-1f and TNF (revised by (24).
Curiously, it appears that insulin levels regulate ENPP1 expression in humans (38).
However, treating cells with insulin changes the location of ENPP1 from the intracellular
region to the plasma membrane (39).

In 1999, Pizzuti and cols. described a polymorphism in exon 4 of the gene ENPPI,
which causes the change of the amino acid lysine (K) to glutamine (Q) in codon 121
(K121Q; rs1044498) (36). This amino acid change is located in the second ENPPI
somatomedin-B-like domain, and may interfere with protein-protein interactions (23).
Non-diabetic Sicilians carrying the Q variant show less insulin sensitivity than
non-carriers (36). Pizzuti and cols. also demonstrated that the Q variant of this
polymorphism interacts more strongly with the insulin receptor than the K wvariant,
reducing the autophosphorylation of this receptor (36). Q variant also reduces
insulin-induced phosphorylation of the insulin receptor substrate 1 (IRSI), the kinase

activity of phosphatidilinositol-3, glycogen synthesis and cell proliferation (35). Other
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studies confirmed the association between the K121Q polymorphism and greater insulin
resistance in different populations (40-43); however, a study performed in a Danish
population did not find any association between this polymorphism and markers of insulin
resistance or type 2 DM (44).

It is not clear whether there is a difference in the risk for type 2 DM among
subjects who are heterozygous or homozygous for the Q allele of K121Q polymorphism.
In fact, the low proportion of Q/Q homozygous individuals observed in most studies
(approximately 2%-3% of the general population) does not enable appropriately testing of
different genetic models (dominant, additive or recessive), due to the lack of statistical
power (45).

Three meta-analyses, published in 2005 and 2006, analyzed case and control studies,
and reported that although the results were not homogeneous between the studies, including
thousands of adults from different ethnic groups, individuals carrying the Q allele of K121Q
polymorphism have an approximately 20% increased risk of developing type 2 DM (46-48).

Certainly, the K121Q polymorphism has been the most studied polymorphism in the
ENPPI gene. Table 1 summarizes the main results of the studies that evaluated the
association between the K121Q polymorphism, and DN or related characteristics.

De Cosmo and cols. reported that K121Q polymorphism has an effect on the rate of
kidney function loss in Caucasians with type 1 DM and proteinuria. During the 6.5 years of
follow-up, GFR declined faster in Q allele carriers (QQ/KQ) than in non-carriers (49). The
mean decline rates were 7.2 and 3.7 ml.min-1.year-1, respectively. With this rapid loss of
kidney function, diabetic patients carrying the Q allele would progress from the proteinuria
stage to ESRD in fewer years than non-carriers. Furthermore, the effects of this variant were

more evident when ESRD developed earlier in the course of type 1 DM (49).
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Canani and cols., in both a case-control and afamily study, investigated the association
between advanced DN in patients with type 1 DM and K121Q polymorphism frequencies.
The authors reported that the Q variant was observed in 21.5% of the control group (without
DN), 31.5% of the cases with proteinuria, and 32.2% of the cases with ESRD (p = 0.012).
After stratification according to DM duration, the risk of developing ESRD earlier, for
carriers of Q variant, was 2.3 times higher than the risk for non-carriers (CI 95% 1.2 - 4.6).
However, Q variant was not associated with late development of ESRD (50). Similar results
were found in the familial study, using the transmission disequilibrium test.

Recently, Wu and cols. also reported the association between the Q variant and
increased risk of DN in type 2 DM patients from Taiwan (51). Likewise, De Cosmo and cols.,
studying patients with type 2 DM from Gargano and Padua (Italy), and from Boston (USA),
demonstrated that Q allele carriers from Gargano and Boston presented a greater risk of
having a lower GFR (OR = 1.69; CI 95%: 1.1 - 2.6 and OR = 1.50; CI 95%: 1.0 - 2.2;
respectively) than non-carriers (52). In the Padua population, results obtained showed the
same trend, but did not reach formal statistical significance (OR = 1.77; CI 95%: 0.7 - 4.5).
The same group analyzed a sample of type 2 DM patients with abnormal (20 - 5416 pg/min)
albumin excretion rate, and observed that patients carrying the Q allele presented more severe
DN (53).

However, not all studies agree on the role of this polymorphism on DN, suggesting
that its effect may depend on the ethnic group. In fact, the Q (risk) allele frequency varies
greatly according to the ethnic group. Q allele frequency among Brazilians of African
ancestry is much higher than among those of European ancestry (54). Keene and cols. studied
the K121Q polymorphism in a sample of African-Americans with type 2 DM, but did not find

a statistically significant association between this polymorphism and ESRD. These authors
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studied 48 other polymorphisms spread throughout ENPPI gene, and nine of them showed an
association with ESRD (55). Leitao and cols. did not find an association between K121Q
polymorphism and type 2 DM or its complications (DN or diabetic retinopathy), in a
cross-sectional study performed in a Brazilian sample constituted of different ethnic groups
(54). In a prospective, 10-year follow-up study of 30 normoalbuminuric and normotensive
type 1 DM patients from southern Brazil, de Azevedo and cols., did not find an association
between K121Q polymorphism, and the development of new cases of DN or diminished GFR
(56). Jacobsen and cols. did not observe any association between the K121Q polymorphism
and DN progression in Danish type 1 DM patients (57).

The molecular mechanisms that mediate the association between the Q variant and the
development of advanced stages of DN may only be hypothesized. As previously mentioned,
ENPP1 is expressed in several tissues and cell types, including mesangial and endothelial
cells in the kidneys (50). These cells show progressive pathological changes throughout the
evolution from normality to overt diabetic nephropathy, and it is tempting to hypothesize that
ENPP1 plays a role in kidney tissue damage in DN.

In vitro studies demonstrated that the ENPP1 Q variant interacts more strongly with
the insulin receptor than the K variant. Therefore, cells carrying the Q variant show reduced
insulin receptor self-phosphorylation (36), reduced induction of the insulin receptor substrate
(IRS)-1 phosphorylation, phosphatidyli nositol 3-kinase activity, glycogen synthesis, and cell
proliferation (58). Humans carrying the Q allele have greater insulin resistance and
hyperinsulinemia than non-carriers (40). Hyperinsulinemia can stimulate the renal
reabsorption of sodium, leading to volume expansion, increased sympathetic-adrenergic
activity, and increased expression of angiotensin type II receptor, which hamper peripheral

vasodilatation (59). Increased circulating volume and reduced peripheral vasodilatation
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eventually predispose to increased blood pressure and loss of the physiological nocturnal

blood pressure dipping (59, 60), both acknowledged DN risk factors.

OTHER POLYMORPHISMS IN ENPP1 GENE ASSOCIATED WITH DIABETES
MELLITUS

Meyer and cols. described that a risk haplotype, constituted by three ENPPI gene
polymorphisms, was associated with type 2 DM in adults and children (total OR for adults +
children = 1.58; CI 95% 1.18 - 2.1). This haplotype includes the Q allele of the K121Q
polymorphism and two other polymorphisms in the non-encoding region (IVS20delT in the
promoter region and A>G+1044TGA in the 3’UTR region), which may possibly be involved
in ENPPI gene expression (61). Frittitta and cols. reported the association between a
haplotype constituted by three polymorphisms in the 3'UTR ENPPI region (G2897A,
G2906C and C2948T, also called haplotype ACT) and insulin resistance and type 2 DM (OR
for type 2 DM = 1.69; C1 95% 1.01 - 2.83) (58).

Bochenski and cols. investigated the association between seven polymorphisms and
some haplotypes from a disequilibrium linkage block containing the K121Q polymorphism
and the occurrence of type 2 DM in a Polish population, controlling for obesity. In the total
sample, neither type 2 DM nor obesity were significantly associated with any of the seven
polymorphisms. However, in obese subjects, the K121Q polymorphism was associated with
type 2 DM (OR = 1.6; CI 95% 1.0 - 2.6) (62). Furthermore, the T allele of polymorphism
r$997509 in intron 1 was also associated with type 2 DM (OR = 4.7; CI 95% 1.3 - 13.9).
Interestingly, the haplotype constituted by both rs997509 T and 121Q alleles was the only
haplotype associated with risk for type 2 DM (OR = 4.2; CI 95% 1.3 - 13.5). Santoro and

cols., studying lean and obese children, observed that those who were carriers of the rs997509
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T allele of the ENPPI gene presented higher levels of plasma insulin and HOMA-IR
(homeostasis model assessment — insulin resistance) and lower insulin sensitivity index
compared with children who were homozygous for the most common allele (63). A similar
observation was made for the Q variant of the K121 polymorphism. Besides, children
carrying the rare rs997509 T allele were at higher risk of developing metabolic syndrome and
impaired glucose tolerance than children who were homozygous for the common allele.
Evaluating the combined effects of polymorphisms rs997509 and K121Q, which are in strong
disequilibrium linkage, the authors demonstrated that the effect on insulin sensitivity was due
to the presence of the 1997509 T allele and not due to the K121Q polymorphism (63).

Keene and cols. genotyped 48 polymorphisms in the ENPPI gene in African-
American type 2 DM patients with ESRD (cases) or without any degree of DN (controls).
Nine polymorphisms were associated with ESRD in one or more inheritance models;
however, K121Q polymorphism was not one of them. The most significant associations with
CKD were observed for rs7754586 and rs1974201 polymorphisms, located in the 3"'UTR
region or in intron 24, respectively. Furthermore, an association with CKD was found for 13
haplotypes constituted by 2 or more polymorphisms located on the 3"UTR region or intron 24

of the ENPPI gene (55).

CONCLUSION

To date, the molecular mechanisms responsible for the association between the ENPPI
121Q variant and the development of advanced stages of DN may only be hypothesized.
Not all studies agree on the role of the K121Q polymorphism in the develpment of DN,
suggesting that its effect may depend on the ethnic group. Besides, evaluating the

combined effects of ENPP1 rs997509 and K121Q polymorphisms, which are in strong
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disequilibrium linkage, some studies demonstrated that the effect on insulin sensitivity
was due to the presence of the rs997509 T allele and not due to the presence of the K121Q

polymorphism. Further studies are needed to clarify these relationships.

Statement: The authors declare that there are no conflicts of interests.
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Table 1. Studies on the association between the K121Q polymorphism in the ENPPI gene

and diabetic nephropathy or associated characteristics

Study Population Results

Thai population with type 2 DM Association between the Q/Q genotype and increased risk for DN

ShH (OR=1.85; CI1 95% = 1.17 - 2.92).

African-American population with No association with DN.

type 2 DM (55)

Caucasians with type 1 DM and Association between the Q (KQ/QQ) allele and decline of GFR

proteinuria (49) (OR=5.7;C195% =4.1-17.2).

Caucasians with type 1 DM (50) Association between the Q allele and increased risk for ESRD (OR
=23;CI95% =12-4.6).

Italian and American populations Association between the Q allele and GFR reduction in patients

with type 2 DM (52) from Gargano (OR = 1.69; CI 95% = 1.1 - 2.6) and Boston (OR =
1.50;95% =1.0-2.2).

Danish population with type 1 DM  No association with DN.

(57)

Southern Brazilian population with No association with DN.

type 1 DM (56)

Type 2 DM = type 2 diabetes mellitus; DN = diabetic nephropathy; ESRD = end-stage kidney

disease; OR = odds ratio; CI = confidence interval; GFR = glomerular filtration rate.
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Figure 1. Systematic representation of insulin inhibitors signaling pathway, with in vivo
established function of insulin resistance. After binding to the a-subunit of its receptor,
insulin stimulates the signaling cascade events. The most important of these events are the
tyrosine residue autophosphorylation of the insulin receptor B-subunits and of IRS-1, and
also the subsequent PI3K and Akt-2 activation. Several negative modulators of insulin
signaling were described as main determinants of insulin resistance in humans; these
include the ENPP1, for which both post-translational and translocation to the cell surface
processes are augmented by insulin signaling. The inhibitory effects of these modulators

may be mediated by several mechanisms: 1) protein-protein interaction with signaling

42



molecules, mediated by ENPP1 with the insulin receptor and by TRB-3 with Akt-2; 2)
serin residue phosphorylation of the IRS-2, mediated by TNF and IKK-B; 3)
dephosphorylation of proteins with tyrosine residues phosphorylated, mediated by PTP-
1B, which acts as a phosphatase in the insulin receptor; and 4) dephosphorylation of lipid
substrates, mediated by SHIP, which hydrolizes the products of PI3K via its 5°-
phosphatase activity. Abbreviations: Akt-2, serine-threonine kinase 2 (also known as B
kinase protein); ENPP1, ecto-nucleotide pyrophosphatase / phosphodiesterase 1; IKK-p,
IkB kinase B; IRS-1, insulin receptor substrate 1; IRS-2, insulin receptor substrate 2;
PI3K, phosphatidylinositol 3 kinase; PIP3, phosphatidylinositol 3,4,5-triphosphate; PTP-
1B, protein tyrosine phosphatase 1B; TNF, tumor necrosis factor; SHIP, Src homology 2
domain containing inositol 5 phosphatase; TRB-3, mammalian tribbles homolog 3.

Modified from reference Abate et al. (45).
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Figure 2. Map of the ENPPI gene in chromosome 6q22-23. The 25 exons (boxes) are
numbered from left to right according to the transcription region. The black boxes constitute
the encoding regions and the white box represents the 3'UTR region. Vertical arrows show
the polymorphic sites associated with type 2 diabetes mellitus or diabetic nephropathy. Figure
adapted from http://www.nbci.nlm.nih.gov/gene/5167. *A/C/T haplotype is constituted by

62897A, G2906C and C2948T ENPP1 polymorphisms.
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ABSTRACT

Objective - Ecto-Nucleotide Pyrophosphatase/Phosphodiesterase 1 (ENPP1) is expressed in
several tissues, including the kidneys. Increased levels of ENPP1 expression inhibit the
tyrosine-kinase activity of the insulin receptor in several cell types, then leading to insulin
resistance and/or diabetes mellitus (DM). The K121Q polymorphism of the ENPPI gene
seems to be associated with DM and with the development of diabetic nephropathy (DN).
However, a little is known about the effect of this polymorphism in the human kidney. In this
study, the expression of ENPPI gene and protein in human kidney according to the K121Q
polymorphism (rs1044498) was evaluated.

Research design and methods — A cross-sectional study was performed and included 107
consecutive patients undergoing therapeutic nephrectomy to obtain the expected sample in
each group. According to the exclusion criteria patients with diabetes mellitus and tumor mass
were not enrolled in this study. Among the 107 patients, 57 samples (9 Q/Q, 27 Q/K, 20 K/K)
were eligible to the study and immunohistochemistry technique was used to analyze the
ENPPI protein expression. Then 34 samples (9 Q/Q, 12 Q/K, 13 K/K) were selected to
investigate the ENPP1 gene expression by RT-qPCR.

Results — ENPP] cDNA concentrations in kidney samples did not differ significantly neither
among K121Q genotypes nor between the presence or absence of the Q allele (QQ/KQ vs.
K/K; 1.0 (0.1 — 1.6) vs. 0.72 (0.1 — 2.1) AU (arbitrary units); P = 0.483). In agreement with
the gene expression data, ENPP1 protein levels were similar in Q allele carriers when
compared with the K/K genotype group (2.86 £ 0.32 vs. 2.78 £ 0.35 AU; P = 0.417), after
controlling for covariates.

Conclusions — This study suggest that the K121Q polymorphism is not associated with

ENPPI gene and protein expression in the human kidney.
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INTRODUCTION

Epidemiological and familial aggregation studies have demonstrated that, besides the known
environmental risk factors, DN is a multifactorial disease with a genetic component (1, 2).
Great efforts have been made to identify the genes associated with DN, but results are still
inconsistent with different genes associated to a small effect in specific populations. The
identification of these genes could allow the detection of high risk individuals to develop DN
and might allow us to have a better understanding of its pathophysiology.

In 1999, Pizzuti et al. reported that the K121Q (rs1044498) polymorphism located in
the exon 4 of the pyrophosphatase/phosphodiesterase 1 (ENPPI) gene was associated with
insulin resistance (IR) in non-diabetic Sicilians (3). ENPP1 is one of the five cell membrane
proteins containing an active extracellular site that catalyzes the release of nucleoside
5'phosphatase from nucleotides and their products. These proteins consist of a short terminal
NH; intracellular domain, a single transmembrane domain, two somatomedin-B-like domains,
a catalytic domain, and a COOH-terminal nuclease-like domain (2, 4). It is well known that
ENPPI1 is expressed in several tissues and cell types, including skeletal tissue, adipose tissue,
liver, and kidney mesangial and endothelial cells (5-9). Although the physiological functions
of ENPP1 in these tissues have not been fully described yet (10), it has been reported that
ENPP1 overexpression directly inhibits the tyrosine kinase activity of the insulin receptor-a
subunit in several cell types (10-12) and, consequently, causes IR (13-17).

Gene candidates for IR can also be considered as DN candidates genes, because IR is a
common characteristic of patients with type 1 and type 2 DM who present increased urine
albumin excretion (UAE) (18, 19). In fact, De Cosmo et al. demonstrated that the Q allele of

the K121Q polymorphism is associated with a faster progression of DN in proteinuric patients

50



with type 2 DM (20). Besides, using a case-control and family study, we also showed that this
genetic variant is associated with earlier development of end-stage renal disease in type 1 DM
subjects (5). This association was confirmed using transmission disequilibrium test (TDT),
which indicated that the data was not due to population stratification (5). Reinforcing these
observations, De Cosmo et al. reported that the K121Q polymorphism also has an effect on
the rate of loss of renal function in Caucasians with type 1 DM and proteinuria, during 6.5
years of follow-up (21).

Taking this into account, in the present study, for the first time, we evaluated the effect

of the K121Q polymorphism on ENPPI gene expression in human kidney tissue biopsies.

PATIENTS AND METHODS

Samples

A standard questionnaire was used to collect information regarding age, gender, presence of
arterial hypertension and smoking. The protocol was approved by the Hospital ethical
committees, and all patients gave their written informed consent.

A cross-sectional study was performed and included 107 consecutive non-diabetic patients
undergoing therapeutic nephrectomy suggested by the urologist over the study period of 18
months. Peripheral blood samples were collected from each subject for DNA extraction and
genotyping of the K121Q polymorphism. Following genotyping, subjects were divided into
groups according to the presence of the Q allele: 64 K/K, 33 K/Q and 10 Q/Q. Most of
subjects had the kidney removed due to the presence of tumor (n = 79). After removal of the
kidney, a biopsy was made by the surgeon and divided in aliquots for ENPPI mRNA
expression analyses and evaluation of ENPP1 protein by immunohistochemistry technique.

According to the inclusion criteria, kidney samples were normal tissue without visible tumors
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at optical microscopy. Fifty-seven kidney samples (9 Q/Q, 28 Q/K, 20 K/K) were eligible to
the study. Immunohistochemistry technique to analyze the ENPP1 protein expression was
performed in this 57 samples (20 K/K, 28 K/Q and 9 Q/Q) and the gene expression was

performed in 34 samples (9 Q/Q, 12 Q/K, 13 K/K).

Genotyping

DNA was extracted from peripheral blood leukocytes using a standardized salting-out
procedure. Genotyping of the K121Q (A/C) polymorphism (rs1044498) in exon 4 was
performed using primers and probes contained in the Human Custom TagMan Genotyping
Assay 40x (Life Technologies, Foster City, CA). Reactions were conducted in 96-well plates,
in a total 5 pul volume using 2 ng of genomic DNA, TagMan Genotyping Master Mix 1x (Life
Technologies) and Custom TagMan Genotyping Assay 1x. Primer and probe sequences used
for genotyping this polymorphism are: 5-AGCCTCTGTGCCTGTTCAG-3" (forward), 5’-
ACACACAGAACTGTAGTTGATGCA-3’ (reverse), 5’-AGTCGCCCTTGTCCTT-3’ (VIC),

and 5’-TCGCCCTGGTCCTT-3’(FAM).

RNA isolation

Kidney tissue biopsies were homogenized in phenol-guanidine isothiocyanate (Invitrogen
Life Technologies, Carlsbad, CA). RNA was extracted with chloroform and precipitated with
isopropanol by centrifugation (12,000 x g) at 4°C. RNA pellet was washed twice with 75%
ethanol and ressuspended in 10-50 pl of diethylpyrocarbonate treated water. Concentrations
of isolated RNAs were assessed using NANODROP 2000 spectrophotometer (Thermo
Scientific Inc., DE, USA). Only total RNA samples which achieved adequate purity rations

(A260/A280 = 1.9 - 2.1) were used for subsequent analyses (22). In addition, RNA integrity
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and purity was also checked on agarose gel containng GelRed Nucleic Acid Gel Sain
(Biotium Inc, Hayward, CA). The mean RNA concentraction (+ SD) isolated was 16.84 *

31.41 pg/250mg kidney.

Immunohistochemistry for ENPPI protein in human kidney

ENPP1 protein distributions and intensities were determined by immunohistochemistry in
formalin-fixed, paraffin-embedded kidney sections. An anti-ENPP1 goat polyclonal antibody
(Abcam, Cambridge, MA) was used to detect ENPPI protein expression in human kidney
tissue. Immunohistochemistry analyses were performed on 4-pum kidney sections as described
previously (23). The routine immunohistochemistry technique comprised deparaffinization
and rehydration, antigenic recovery, inactivation of endogenous peroxidase and blocking of
nonspecific reactions. Slides were incubated with primary antibody and then incubated with a
biotinylated secondary antibody, streptavidin horseradish peroxidase conjugate (LSA; Dako
Cytomation, Inc Carpinteria, CA), and diaminobenzidine tetrahydrochloride (Kit DAB Dako
Cytomation, Inc). Quantification of the ENPP1 protein was performed by digital analysis
using the Image Pro Plus software version 4.5 (Media Cybernetics, Bethesda, MD). Images
were visualized through a Zeiss microscope (model AXIOSKOP-40: Carl Zeiss Oberkochen,
Germany) and captured using the Cool Snap-Pro CS (Media Cybernetics) camera. Two
independent researchers analyzed the intensity of brownish-colored immunostaining in pixels
in 10 fields from each slide, achieving a Pearson’s correlations between their results of r* =
0.92 (P = 0.0001). We used the mean number of pixels (in logarithmic scale) identified by

both researchers to quantify ENPP1 in each sample.
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Quantification of ENPPI gene expression by Real-time PCR

Real-time reverse transcription-PCR was performed in two separate reactions: first, RNA was
reverse transcribed into cDNA, then cDNA was amplified by quantitative real-time PCR (RT-
gPCR). Reverse transcription of Sug of RNA into cDNA was carried out using the
SuperScript™ III First-Strand Synthesis System for RT-PCR (Invitrogen Life Technologies),
following the manufacturer’s protocol for oligo (dT) method.

RT-gPCR experiments were performed in a Vii™ 7 Fast Real-Time PCR System
Thermal Cycler with Vii™ 7 Ruo Software (Life Technologies). Experiments were performed
by monitoring in real time the increase in fluorescence of the FAM dye. ENPPI and S-actin
gene expressions were performed using primers and probes contained in Tagman Gene
Expression Assays (HS01054040 m1 for ENPPI and HS99999903 ml for f-Actin). PCR
reactions were performed using 5 ul TagMan Gene Expression Assay 20x for ENPPI or f-
Actin (Life Technologies), 5 pl TagMan Fast Universal PCR Master Mix 2x (Life
Technologies) and 1 pl of cDNA (5ug/ul), in a total volume of 10 ul. Each sample was
assayed in triplicate and a negative control was included in each experiment. The
thermocycling conditions for these genes were as follows: an initial cycle of 95°C for 10min,
followed by 50 cycles of 95°C for 15s and 60°C for 1min.

Quantification of the ENPPI mRNA was performed using the relative standard curve
method and the f-Actin gene as the reference gene (22). Relative standard curves were
generated for both target and reference genes by preparing serial dilutions of the same cDNA
sample with a known relative quantity, the samples were analyzed to make sure that the
standard curves for the target and reference genes were agreement. Then relative amounts of
each ENPP1 cDNA sample were obtained by normalizing their signals by those of f-Actin,

and are presented as AU.
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Statistical analyses

For the expression studies it was estimated the needed of 10 kidney samples in each
genotype group. Considering the prevalence of the minor allele, around 100 subjects would
have to be evaluated to find the calculated number in each group. Allele frequencies were
determined by gene counting, and departures from the Hardy-Weinberg equilibrium (HWE)
were verified using the y* test. Allele and genotype frequencies were compared between
groups using the x* test. Clinical and laboratory characteristics, cDNA abundance and
ENPP1 protein expression were compared between groups using the unpaired Student’s 7 test
or the y” test, as appropriate. Variables with normal distribution are presented as mean + SD
(Standard deviation) or percentage. Variables with skewed distribution were log-transformed
before analyses and are presented as median (minimum — maximum values) or mean + 2 SD
in logarithmic scale.

Pearson’s correlation test was used to assess correlations between different
quantitative variables. Multiple linear regression analyses were performed with ENPPI gene
expression or protein (logarithmic) as dependent variables and age and sex as independent
variables. Since previous reports showed that the subjects carrying the Q allele (KQ/QQ)
were at higher risk, the data was presented both by genotype and by the presence of the risk
allele. Results for which P <0.05 were considered statistically significant. These statistical

analyses were performed using SPSS 18.0 (Chicago, IL, USA).

RESULTS
Sample description

The main clinical characteristics of the 57 subjects included in the immunohistochemistry

evaluation were as follows: mean age was 57.6 + 13.8 years, males comprised 40.4% of the
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sample, 61.4% of all patients had arterial hypertension and 37.8% were smokers. The K121Q

genotypes were in HW equilibrium (P >0.05).

ENPPI protein concentrations

ENPP1 protein concentration for the entire kidney tissue group was 2.83 + 0.33 pixels. No
significant difference was observed when ENPP1 protein immunoreactivity was analyzed by
sex (men: 2.77 £ 0.35 vs. women: 2.88 £ 0.32 pixels, in logarithmic scale; P = 0.236),
hypertension status (normotensives: 2.86 = 0.34 vs. hypertensives: 2.84 £ 0.33 pixels; P =
0.903) or smoking habits (nonsmokers: 2.85 £ 0.32 vs. smokers: 2.89 + 0.29 pixels; P =
0.663). ENPP1 protein concentrations did not correlate with age (r = 0.057; P = 0.684) or
with ENPP1 cDNA concentrations (r = 0.150, P = 0.485).

ENPP1 protein concentrations in kidney samples broken down according to the
presence of the K121Q polymorphism are depicted in Table 1. ENPP1 protein levels were
similar in the different K121Q polymorphism genotypes (Q/Q 2.93 £ 0.27, K/Q 2.84 + 0.34
and K/K 2.79 £ 0.36; pixels P = 0.542). In the same way, when analyzed according to the
presence of the minor allele, those with the Q allele (QQ/KQ) had similar protein quantities
of those with the K/K genotype (Figure 1, P = 0.417). Even after controlling for age and sex,
the ENPP1 concentrations was similar among those with or without the Q allele (P = 0.212).

Moreover, ENPP1 protein immunoreactivity was exclusive in the tubules of the kidney.

ENPPI gene expression
Thirty four samples were used to analyze ENPPI gene expression. The mean age of this
group was 54.8 £ 12.1 years, males comprised 38.2% of the sample, 56.0% of all patients

had arterial hypertension and 37.0% were smokers.
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ENPPI cDNA concentration for the whole kidney tissue group was 0.99 (0.06 —
2.13) AU. No significant difference was observed when ENPPI gene expression was
analyzed by hypertensive status (hypertensives: 0.88 (0.10 — 2.13) vs. non-hypertensives
1.004 (0.11 — 1.58) AU; P = 0.745) or smoking status (smokers: 1.01 (0.12 — 2.13) vs.
nonsmokers: 0.99 (0.06 - 1.58) AU, in logarithmic scale; P = 0.476). However, females had
higher ENPPI gene expression as compared to males [females: 1.02 (0.06 — 2.13) vs. males:
0.67 (0.10 — 1.02) AU; P = 0.008]. ENPPI gene expression did not correlate with age (7= -
0.015; P=10.934).

ENPP1 cDNA concentration were similar in the different K121Q polymorphism
genotypes [Q/Q 1.0 (0.10 - 1.34), K/Q 0.88 (0.06 - 1.58) and K/K 0.72 (0.10 - 2.13) AU; P =
0.689]. In the same way, when analyzed according to the presence of the minor allele, those
with the Q allele (QQ/KQ) had similar cDNA quantity of those with the K/K genotype
(Figure 2; P = 0.483]. After controlling for age and sex in the multiple linear regression
analysis, presence of the Q allele remained not associated with ENPPI gene expression (P =
0.502). However, sex remained independently associated with ENPPI gene expression (Beta

=-0.559; P = 0.007).

DISCUSSION

In 1999, Pizzuti et al. described a polymorphism in exon 4 of the gene ENPP1, which causes
the change of the amino acid lysine (K) to glutamine (Q) in codon 121 (K121Q); rs1044498).
This amino acid change is located in the second ENPPI somatomedin-B-like domain, and
may interfere with protein-protein interactions (3). Pizzuti ef al. also demonstrated that the Q
variant of this polymorphism interacts more strongly with the insulin receptor than the K

variant, reducing the autophosphorylation of this receptor (3). Q variant also reduces insulin-
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induced phosphorylation of the insulin receptor substrate 1 (IRS1), the kinase activity of
phosphatidilinositol-3, glycogen synthesis and cell proliferation and showed a cause-effect
relationship between the Q carrying genotype and the IR phenotype (24). Other studies
confirmed the association between the K121Q polymorphism and greater IR and type 2 DM
in different populations (25-28), but not all (29, 30).

The K121Q polymorphism also was reported as being associated with DN in some
populations (5, 31, 32). Wu ef al. demonstrated significant association of this polymorphism
in the ENPPI gene on the risk of DN in type 2 DM (adjusted OR = 1.85; 95% CI=1.17-2.92;
P =0.0032) (31). De Cosmo et al. described an effect of the ENPPI polymorphism on the
rate of loss of renal function in Caucasians with type 1 and type 2 DM and proteinuria (21).
As already commented, Canani ef al. in both a case-control and a family study, reported the
association between the Q allele of the K121Q polymorphism and advanced DN in type 1 DM
patients (5). However, other studies were not able to demonstrate any association between this
polymorphism and DN (33-35).

The molecular mechanisms that mediate the association between the Q variant and the
development of advanced stages of DN may only be hypothesized. As previously mentioned,
ENPP1 is expressed in several tissues and cell types, including mesangial and endothelial
cells in the kidneys (5). These cells show progressive pathological changes throughout the
evolution from normality to overt DN and it is tempting to hypothesize that ENPP1 plays a
role in kidney tissue damage in DN. In vitro studies demonstrated that the ENPP1 Q variant
interacts more strongly with the insulin receptor than the K variant. Therefore, cells carrying
the Q variant show reduced insulin receptor self-phosphorylation (3), reduced induction of the
IRS1 phosphorylation, phosphatidylinositol 3-kinase activity, glycogen synthesis, and cell

proliferation (24). Humans carrying the Q allele have greater IR and hyperinsulinemia than
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non-carriers (26). Hyperinsulinemia can stimulate the renal reabsorption of sodium, leading to
volume expansion, increased sympathetic-adrenergic activity, and increased expression of
angiotensin type II receptor, which hamper peripheral vasodilatation (36). Increased
circulating volume and reduced peripheral vasodilatation eventually predispose to increased
blood pressure and loss of the physiological nocturnal blood pressure dipping (36, 37), both
presumptive DN risk factors (5, 37, 38).

Taking into account there is not data regarding the effect of the K121Q polymorphism
on ENPPI gene expression in human kidney, in the present study we evaluated whether this
polymorphism is associated with changes in ENPPI ¢cDNA and protein concentrations in
human kidney biopsy samples. Our data showed that this polymorphism is not associated with
any significant changes in either ENPPI cDNA levels or ENPP1 protein immunoreactivity in
kidney samples of non-diabetic subjects. These data are conflicting with the data of Costanzo
et al. who showed the Q allele has increased ENPPI expression and stronger inhibitory
activity on insulin receptor function and insulin action than the more common K allele in
fibroblasts cell culture (39). This is likely a consequence of the intrinsic characteristics of the
molecule, which more strongly interacts with the insulin receptor. Maddux et al. produced
transgenic mice overexpressing the potent Q allele of human ENPP1 in muscle and liver. This
study demonstrated that ENPP1 plays an important role in IR, hyperglycemia, as well as
overexpression of human ENPP1 in insulin sensitive tissues (40). Pizzuti et al. showed that
the insulin receptor autophosphorylation was reduced (P <0.01) in cultured skin fibroblasts
from K/Q versus K/K subjects. These results suggest a cause-effect relationship between the
Q carrying genotype and the IR phenotype. However, the protein content was similar in both

genotypes (K/Q and K/K) (3).
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The lack of the association of the Q allele with the ENPPI gene expression showed in
the present study can be explained in different ways. It is possible that the ENPPI K121Q
polymorphism might be in linkage disequilibrium with other mutations in the ENPPI gene.
Accordingly, Santoro et al. showed that the rs997509 polymorphism in the ENPPI gene
predispose obese children to metabolic syndrome and impaired glucose tolerance (41). One
possibility is that the T allele of rs997509 could be functional and responsible for the effect of
the risk variant 121Q. If this is the case, the Q121 variant would be a silent marker. Despite
being located in the 3’end of intron 1, the rs997509 single nucleotide polymorphism (SNP) is
in a region that may contain a regulatory element, as suggested by the Five Way Regulatory
Track of the University of California Santa Cruz genome browser (42). We evaluated the
K121Q since this polymorphism is the most frequently associated with DN in the literature.
Besides, the SNP rs997509 has a low allele frequency, accounting for only 10% and it would
limit the effect as a DN candidate gene. Then, studies analyzing if K121Q and rs997509
polymorphisms are in linkage disequilibrium are necessary to confirm this hypothesis.
Another hypothesis is that the K121Q polymorphism might cause changes in the protein
activity, but not necessarily would change ENPP1 expression. As already commented, some
studies in culture cells (16, 18, 42, 45, 46, 47) and in transgenic mice (40) showed that the
ENPP1 activity play a role in the downregulation of insulin sensitivity, rather than gene or
protein expression. Unfortunately, we did not performed activity assays in a lineage of kidney
cells.

As a limitation of this study, we could include the sample size, that possibly was not
large sufficient to show a small effect of this polymorphism in the ENPP1 expression.
However, it is clear the limitation to have access to human kidney tissue, and the local ethics

committee recommends that we should include the smallest sample size that allowed us to
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evaluate a moderate effect. We could also include as a limitation, the fact that the kidney
tissue was selected from non-diabetic subjects. Regarding the non-diabetic origin of the
biopsies, we could argue that if we consider that the K121Q has a major effect on the
development of DN through IR, we would see an effect even in non-diabetic subjects. On the
other hand, if the effect of the polymorphism is in the progression of DN, we could see the
effect only in the presence of DM. Furthermore, some studies about this polymorphism
showed that the risk allele was associated with an advantaged progression of the renal loss of
function and/or the diagnostic for early end stage renal disease (ESRD).

Finally and taking all together these data suggested that the K121Q polymorphism is
not associated with the ENPPI gene and protein expressions in the human kidney. However,
additional studies investigating the association of the K121Q polymorphism with the ENPP1
activity in a human lineage of kidney cells and also studies analyzing ENPPI mRNA and
protein in the kidney of patients with DM are needed to clarify the role of this polymorphism

in the risk to DN.
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Table 1. Clinical characteristics and ENPPI gene and protein relative quantification in human

kidney samples according to the K121Q polymorphism

Q/Q(n=9) K/Q(n =28) K/K(n =20) P

Age 57.5+14.1 56.8+15.0 60.3+9.3 0.799
Gender (male %) 322 46.4 40.0 0.636
Hypertension status 66.7 42.1 78.9 0.063
(%)

Smoker status (%) 33.3 33.3 44 .4 0.753
ENPP1 protein 2.93+0.27 2.84+0.34 2.79+£0.36 0.544
(pixels)

ENPP] gene 1.0(0.10-1.34) 0.88(0.06—-1.58) 0.72(0.10-2.13)  0.689

expression (AU) *

*n =34 (9 for the Q/Q genotype, 12 for the K/Q and 13 for the K/K genotype).
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Figure 1. ENPP1 protein expression in human kidney samples. ENPP1 protein expression in
samples stratified according to the presence of the Q allele (K/K vs. Q/K+Q/Q). P = 0.417

(Student’s t-test). Values are represented as pixels and are presented as median (95% CI for

mean).
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Figure 2. ENPPI mRNA expression in human kidney samples. ENPPI gene expression in
samples stratified according to the presence of the Q allele (K/K vs. Q/K+Q/Q). P =0.483
(Student’s t-test). Values are represented as pixels and are presented as median (95% CI for

mean).
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CONCLUSOES

O presente estudo investigou pioneiramente a expressao génica e protéica do polimorfismo
K121Q no gene ENPPI em rim humano, uma vez que este gene mostrou-se frequentemente
associado a ND na literatura. Entretanto, nossos dados sugerem que o polimorfismo K121Q
ndo esta associado com modificacdo na expressao génica, uma vez que as quantidades de
cDNA da ENPP1 nao diferiram significativamente entre os portadores do alelo de risco K/Q +
Q/Q vs. K/K. Da mesma forma, a expressao protéica da ENPP1 nao mostrou diferenca em
portadores (K/Q + Q/Q) quando comparados a nao portadores (K/K) do genotipo de risco.

A auséncia de associagdo tanto na expressao génica quanto protéica pode ser explicada
de forma alternativa a auséncia de efeito do polimorfismo, pelo tipo de tecido analisado, que
nao foram de individuos com DM. Uma segunda hipdtese, ainda que pouco provavel, estd
relacionada com o desequilibrio de ligacdo do polimorfismo K121Q com outras variantes do
gene ENPPI. Ainda, acredita-se que este polimorfismo pode também influenciar mudangas
na atividade enzimédtica desta proteina, mas ndo necessariamente alteragdes na expressao
génica da ENPPI. Por fim, alguns dos estudos que avaliaram a associagdo deste
polimorfismo, mostraram que o alelo de risco estd associado com progressao mais rapida de
perda de fungdo renal e/ou com diagnodstico de doenga renal terminal mais precoce. Desta
forma, talvez o polimorfismo seja importante uma vez que a ND estd instalada, sendo

determinante de sua evolug@o prognostico.
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PERSPECTIVAS

A partir dos achados deste estudo, torna-se necessario a investigacdo do polimorfismo K121Q
com a atividade da ENPP1 em linhagem de células renais humanas, bem como estudos de
RNAm e expressao protéica da ENPP1 em tecido renal de pacientes com DM em diferentes
estagios de doenca renal. Além disso, iremos avaliar o efeito deste polimorfismo na taxa de
rejeicdo de rins transplantados, uma vez que o polimorfismo pode estar associado a

progressao da doenca renal.
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