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Aim: The pathogenesis of chronic diabetes complications has oxidative stress as
one of the major elements, and single-nucleotide polymorphisms (SNPs) in
genes belonging to antioxidant pathways modulate susceptibility to these
complications. Considering that melatonin is a powerful antioxidant
compound, our aim was to explore, in a longitudinal cohort study of type 1
diabetes (T1D) individuals, the association of microvascular complications and
SNPs in the gene encoding melatonin receptor 1A (MTNRIA).

Methods: Eight SNPs in MTNR1A were genotyped in 489 T1D individuals. Besides
cross-sectional analyses of SNPs with each one of the microvascular
complications (distal polyneuropathy, cardiovascular autonomic neuropathy,
retinopathy, and diabetic kidney disease), a longitudinal analysis evaluated the
associations of SNPs with renal function decline in 411 individuals followed up for a
median of 8 years. In a subgroup of participants, the association of complications
with urinary 6-sulfatoxymelatonin (aMT6s) concentration was investigated.

Results: The group of individuals with a renal function decline > 5 mL min™* 1.73
m~2 year~* presented a higher frequency of the A allele of rs4862705 in comparison
with nondecliners, even after adjustment for confounding variables (OR = 1.84, 95%
Cl =1.20-2.82; p = 0.0046). No other significant associations were found.

Conclusions: This is the first study showing an association between a variant in a
gene belonging to the melatonin system and renal function decline in the
diabetic setting.
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type 1 diabetes mellitus, diabetes-related complications, diabetic kidney disease,
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1 Introduction

Diabetes mellitus is one of the major causes of renal
insufficiency, blindness, and neuropathic dysfunction worldwide
(1). These conditions appear as a result of diabetic
microangiopathy, whose pathogenesis is related to the activation
of four biochemical pathways by hyperglycemia (polyol,
hexosamine, protein kinase C, and the formation of advanced
glycation end-products) and consequent cellular damage.
Although the evolution of these classical microangiopathic
complications, namely, diabetes kidney disease (DKD),
retinopathy, and peripheral neuropathy, is directly related to
hyperglycemia, it is well documented that glycemic control is not
their only predictor (2). For that reason, a more precise definition of
susceptibility to these conditions is necessary to address adequate
treatment goals and medical support for individuals with diabetes.

Numerous single-nucleotide polymorphisms (SNPs) have been
studied in the last two decades, investigating predisposition to
diabetic complications. SNPs in genes belonging to pro- and
antioxidant pathways have been studied (3-6), since oxidative
stress is considered the unifying element of the four biochemical
pathways triggered by hyperglycemia (2). SNPs can modulate the
susceptibility to diseases by influencing the rate of transcription.
Such genetic variants are found in expression quantitative trait loci
(eQTL), which are genomic regions (spanning one or more genes)
that affect the expression of a given gene and, thus, contribute to the
phenotypic variation of a biological trait (7).

Melatonin hormone is synthesized mainly in pinealocytes in a
biochemical process that requires two crucial enzymes:
arylalkylamine N-acetyltransferase (AANAT) and acetyl-
serotonin-O-methyltransferase (ASMT). Melatonin can act either
through nonreceptor-mediated mechanisms or by direct interaction
with melatonin receptors 1A (MTNR1A) and 1B (MTNRIB),
present in most tissues and organs (8).

Once produced by the pineal gland, the hormone is rapidly
metabolized by the liver, mainly by the CYP1A2 enzyme, and is
subsequently conjugated to form 6-sulfatoxymelatonin (aMT®6s), its
principal metabolite that is excreted in the urine, where its
measurement is vastly adopted as an indirect, however accurate,
method to quantify melatonin production (9).

Melatonin circadian production is synchronized to the external
photoperiod; its production is tightly linked to the darkest period of
the day. Circadian variations in the metabolism were already well
described, including in individuals with type 1 diabetes (T1D) (8).

Abbreviations: AANAT, arylalkylamine N-acetyltransferase; aMT6s, urinary 6-
sulfatoxymelatonin; ASMT, acetyl-serotonin-O-methyltransferase; BMI, body
mass index; CAN, cardiovascular autonomic neuropathy; CI, confidence
interval; DKD, diabetic kidney disease; DR, diabetic retinopathy; eGFR,
estimated glomerular filtration rate; eQTL, expression quantitative trait loci/
locus; GTEx, genotype-tissue expression; HDL, high-density lipoprotein; LDL,
low-density lipoprotein; MAF, minor allele frequency; MTNRI1A, melatonin
receptor 1A; MTNRI1B, melatonin receptor 1B; OR, odds ratio; RAS, renin-
angiotensin system; ROS, reactive oxygen species; SNPs, single-nucleotide

polymorphisms; T1D, type 1 diabetes mellitus; T2D, type 2 diabetes mellitus.
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Another important feature of melatonin is its antioxidant
capability; melatonin and its metabolites can act both directly,
scavenging reactive nitrogen and oxygen species (ROS), and
indirectly, controlling the expression of antioxidant enzymes (10)
both in vivo and in vitro. Studies suggest that melatonin-combined
actions exert a role in different diabetic complications, including
DKD (11, 12).

Based on what is already known about melatonin’s participation
in glucose metabolism and considering its antioxidant properties,
studies of genetic variants that could interfere with melatonin
synthesis or action and diabetes have already been published.
Most of them addressed the association with type 2 diabetes
(T2D) or gestational diabetes (13) and evaluated the gene
encoding MTNRIB, even though MTNRIA has been described as
a major mediator of melatonin actions (14).

The main objective of this study was to explore associations
between SNPs on the gene encoding MNTRIA and four
microangiopathic complications in T1D individuals. The possible
association between diabetes complications and genes related to
melatonin actions has been little investigated.

2 Materials and methods

For this longitudinal cohort study, clinical and biochemical data
and blood samples for DNA extraction were collected in a diabetes
outpatient clinic at a tertiary university hospital. From April 2004
until December 2016, a convenience sample of 489 T1D individuals
was engaged. The criteria for T1D diagnosis were hyperglycemia in
the presence of positive autoantibodies (islet cell antibodies,
glutamic acid decarboxylase, or tyrosine phosphatase-like
insulinoma antigen 2) or previous history of diabetic ketoacidosis
and undetectable C-peptide. The inclusion criterion for this study
was T1D diagnosis for at least 10 years, and noninclusion was the
presence of kidney failure (estimated glomerular filtration rate
[eGFR] < 15 mL min™' 1.73 m™ or treatment by dialysis) or
kidney transplantation. All individuals were receiving intensive
insulin therapy. The study protocol was approved by the local
ethics committees of the institution and was conducted in
compliance with the Declaration of Helsinki. All participants
signed an informed consent form.

2.1 Evaluation of diabetic complications

Cardiovascular autonomic neuropathy (CAN), distal
polyneuropathy, and diabetic retinopathy (DR) were evaluated as
previously described (3, 15). An albumin-to-creatinine ratio > 300
mg g ' and/or an eGFR < 60 mL min~"' 1.73 m™>, as calculated by
the CKD-EPI formula (16), defined the presence of DKD. In the
cross-sectional analysis, a total of 485 participants were evaluated
for DKD.

DR was classified according to the International classification of
DR (17); a TRC-NW8 Non-Mydriatic Retinal Camera (Topcon,
Oakland, NJ, USA) was used for the purpose of standardized seven-
field retinal color photographs, which were analyzed by a single
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ophthalmologist. For this analysis, the presence of DR was defined
as moderate and severe nonproliferative DR or proliferative DR,
while the absence of DR was defined as mild nonproliferative DR or
no DR. A total of 395 participants were evaluated in the cross-
sectional analysis.

Distal polyneuropathy was evaluated by the sum of the
neuropathy symptom score and modified neuropathy disability
score (18, 19). Measurement of systolic blood pressure after 3
min of standing, Ewing test, and spectral analysis of the heart rate
variability were used for the diagnosis of CAN (20). A total of 289
and 291 participants were evaluated for distal polyneuropathy and
for CAN, respectively, in the cross-sectional analyses.

The use of antihypertensive drugs not for renal protection
purposes or systolic/diastolic blood pressure > 140/90 mmHg
defined the presence of arterial hypertension. The use of statin or
LDL > 100 mg dL ™" is defined as dyslipidemia.

A longitudinal analysis of the eGFR was conducted from
recruitment until December 2016 or until kidney failure was reached.
A total of 411 individuals, followed by a median time of 8 years, were
included in this analysis. The individuals who lost > 5 mL min™' 1.73
m> yearf1 were defined as decliners, while those who lost < 5 mL
min~' 1.73 m ™ year™' were defined as nondecliners.

2.2 SNP selection and genotyping

DNA was extracted from peripheral blood mononuclear cells
employing a salting-out procedure (21). Eight tag SNPs were
selected using the LD TAG SNP Selection platform (National
Institute of Environmental Health Science) to cover > 95% of the
genetic variability across the gene; a +* > 0.8 and a minor allele
frequency (MAF) > 0.1 were considered. The SNPs were genotyped
by real-time polymerase chain reaction (Step One Plus, Applied
Biosystems, Foster City, CA, USA) as previously described (22),
employing predesigned Human TaqgMan Genotyping Assays 40x:
C_6148222_10 (rs2165666), C_27901105_10 (rs4862705),
C_26399857_10(rs684769), C_27017887_10 (rs117287777),
C_11782809_10 (rs6553010), C_11782814_10 (rs1946977),
C_11824449_10 (rs7687823), and C_31861431_10 (rs13140012)
from Thermo Fisher Scientific (Foster City, CA, USA). The
genotyping success rate was 98% to 99%, and 5% of the samples
were genotyped twice, with a 100% concordance rate. The
distribution of the genotypes was in accordance with Hardy-
Weinberg equilibrium for all SNPs.

2.3 Urinary aMT6s measurement

A subgroup of 94 TID individuals without kidney failure or
kidney transplantation collected all urine from 7:00 pm until the
morning first-void urine; the samples were frozen at —70°C until
analysis. The individuals recorded light exposure, use of electronic
devices, and total duration of sleep during nighttime.

Urinary aMT6s was measured by an enzyme-linked
immunosorbent assay (ELISA) commercially available kit (RE54031,
Minnedorf, Switzerland: IBL International) according to the
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manufacturer’s instructions. On the same urine sample, creatinine
was also measured by a colorimetric assay kit (Rotkreuz, Switzerland:
Roche Cobas-Roche, USA). Results were expressed as nanograms of
aMTé6s per milligram of creatinine.

2.4 Statistical analyses

Continuous variables were expressed as median and interquartile
intervals, and differences between groups were evaluated by the
Wilcoxon/Mann-Whitney U-test. Categorical variables were
expressed as a percentage of cases, and differences were evaluated
by Pearson’s Chi-square test. Genotype analyses were performed
considering the co-dominant model, and the associations with the
complications were evaluated by binary logistic regression analyses to
compute the odds ratio (OR) with 95% confidence interval (CI). All
confounding variables were assessed, and those statistically significant
and with clinical relevance were included as covariates in the
regressive model, as shown in the respective tables. As eight SNPs
were studied, correction for multiple comparisons considered the
number of independent tests (Meff) based on the degree of linkage
disequilibrium between SNPs. Thus, a p-value of < 0.006 was
considered significant. The software JMP (SAS Institute, Cary, NC,
USA) was used for the analyses.

Haplotype analysis was conducted using the online software
SHEsis; haplotypes with a frequency < 0.01 were not considered in
the analysis, and the associations were evaluated using Pearson’s
Chi-square test; a p-value of < 0.05 was considered significant (23).

3 Results
3.1 Clinical results

The last (most recent) characteristics of the 489 participants are
shown in Table 1. The cohort was composed of 43% of men and 57%
of women with a median (interquartile interval) diabetes duration of
25 (18-31.2) years, median HbAlc of 8.3% (7.4%-9.7%) (67 [57-83]
mmol mol™') and median age of 37 (30-45.5) years.

The last (most recent) characteristics of the subgroup of 94
participants with urinary aMT6s measurement are shown in Table 2.
This subgroup was composed of 36.1% of men and 63.9% of women
with a median age of 37 (30.7-47.5) years, a median HbAlc of 8.1%
(7.3%-9.1%) (65 [56-76] mmol mol™"), and a median diabetes
duration of 24 (18-34) years. The prevalence of DKD in this group
was 19.1%. Urinary aMT6s concentrations were not different between
participants with and without any of the evaluated chronic
complications, even after adjustments for light exposure in the night
and for use of electronic devices (data not shown).

3.2 Genotype analyses
No associations were observed between the SNPs and distal

polyneuropathy, CAN, or DKD in the cross-sectional analyses (data
not shown).
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TABLE 1 The last (most recent) characteristics of all participants.

N = 489

Sex (% male/% female) 43/57
Age (years) 37 (30-45.5)
Body mass index (kg m?) 23.8 (21.4-26.4)
Hypertension (%) 44

Dyslipidemia (%) 34

Total cholesterol (mg dL™") 171 (147-196)

LDL cholesterol (mg dL™") 93 (76-118)
HDL cholesterol (mg dL™") 58 (46-69)
Triglycerides (mg dL™") 86 (61-124)
eGFR (mL min~" 1.73 m ™) 95 (55-114)
Diabetes characteristics

Age at diagnosis (years) 11 (7-18)
Diabetes duration (years) 25 (18-31.2)
HbA,C (%) 8.3 (7.4-9.7)
HbA,C (mmol mol™") 67 (57-83)

Insulin dose/weight (UI kg") 0.63 (0.47-0.83)

Diabetic kidney disease (%) 31.2

Use of medications

Angiotensin-converting enzyme inhibitors (%) 26.3
Angiotensin II receptor blockers (%) 11.4
Statin (%) 35.7

Results expressed as median and interquartile interval. HbA,C, glycated hemoglobin; eGFR,
estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-
density lipoprotein.

As for the DR analysis, the most recent characteristics of the
participants stratified according to their DR status are presented in
Table 3. In the group without DR, a higher frequency of the G allele
of 151946977 was observed in comparison to the group with DR
(MAF = 24% vs. MAF = 18.4%, respectively; p = 0.046). After
adjustment for confounding factors in the logistic regression
analysis (sex, age, hypertension, dyslipidemia, triglyceride
concentration, diabetes duration, use of angiotensin-converting
enzyme inhibitors, angiotensin II receptor blockers, and statin), a
nominal association was observed: the rare allele G conferred
protection against DR (OR = 0.63; 95% CI = 0.41-0.96; p =
0.032). The remaining SNPs did not present associations with DR
(data not shown).

Baseline characteristics of the 411 participants included in the
longitudinal analysis and stratified according to renal function
decline status are shown in Table 4. Individuals classified as
decliners had a lower body mass index (BMI; 22.3 kg m™> vs. 23.5
kg m™?, respectively), a higher prevalence of hypertension (33.3% vs.
20.3%, respectively), dyslipidemia (44.5% vs. 19.6%, respectively),
and an eGFR < 60 mL min™" 1.73 m™2 (15.1% vs. 4.4%, respectively)
in comparison to nondecliners. They also had higher
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TABLE 2 The last (most recent) characteristics of the subgroup of
participants with urinary aMT6s measurement.

Sex (% male/% female) 36.1/63.9

Age (years) 37 (30.7-47.5)

Body mass index (kg m2) 25.6 (23.1-28.5)

Hypertension (%) 46.8%
Dyslipidemia (%) 52.1%
Diabetes characteristics

Age at diagnosis (years) 13 (6-18.2)
Diabetes duration (years) 24 (18-34)
HbA,C (%) 8.1 (7.3-9.1)
HbA,;C (mmol mol™) 65 (56-76)

Insulin dose/weight (UL kg ') 0.57 (0.48-0.75)

Diabetic retinopathy (%) 279
Distal neuropathy (%) 26.5
Cardiovascular autonomic neuropathy (%) 18.2
Diabetic kidney disease (%) 19.1
Absence of any diabetes complication (%) 46.3

Medication in use

Beta-blockers (%) 9

Calcium channel blockers (%) 10.6
Diuretics (%) 9.5
Angiotensin-converting enzyme inhibitors (%) 32.9
Angiotensin II receptor blockers (%) 11.7
Statin (%) 51

Selective inhibitors of serotonin reuptake (%) 19.1
Benzodiazepines (%) 53

Results expressed as a median and interquartile interval. HbA,C, glycated hemoglobin.

concentrations of total cholesterol (186 mg dL™" vs. 165 mg dL™",
respectively), LDL-cholesterol (105 mg dL™' vs. 87 mg dL™',
respectively), and triglycerides (105 mg dL™' vs. 66 mg
dL™, respectively).

The A allele of rs4862705 was observed at a higher frequency in
decliners in comparison to nondecliners (p = 0.0114). In the logistic
regression analysis, after adjustment for confounding variables, this
association was confirmed (OR =1.84; 95% CI = 1.20-2.82; p =
0.0046). The remaining SNPs did not present associations with
renal function decline (Table 5).

The haplotype analysis revealed that the haplotype
CACAGGAA (rs2165666, rs4862705, rs684769, rs117287777,
6553010, 151946977, rs7687823, and rs13140012, respectively),
which includes the minor allele A of rs4862705, was associated with
an increased risk of DKD (OR = 4.187; 95% CI = 1.07-17.2; p =
0.031) and of renal function decline (OR = 7.635; 95% CI = 1.39-
41.7; p = 0.005). Although these associations have reached statistical

frontiersin.org


https://doi.org/10.3389/fendo.2024.1331012
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Daher et al.

TABLE 3 The last (most recent) characteristics of individuals with type 1
diabetes stratified according to the status of diabetic retinopathy (DR).

10.3389/fendo.2024.1331012

TABLE 4 The baseline characteristics of individuals with type 1 diabetes
included in the longitudinal analysis stratified according to the status of
renal function decline.

Absence Presence p-
of DR of DR Nondecliners  Decliners p-
N 247 148
N 312 99
Sex (% male/% female) 38.4/61.6 47.2/52.8 0.08
Sex (% male/% female) 42.3/57.7 47.4/52.6 0.36
Age (years) 34 (27-42) 40 (33-49.7) < 0.001
Age (years) 29.5 (22-40) 29 (24-37) 0.95
Body mass index (kg m~2) 24 (21.7-26.8) 234 0.03
(20.8-25.9) Body mass index (kg m?) 23.5 (21.8-25.8) 223 0.05
(20.2-25.3)
Hypertension (%) 27.0 72.9 <
0.0001 Hypertension (%) 20.3 333 0.02
Dyslipidemia (%) 36.1 459 0.05 Dyslipidemia (%) 19.6 44.5 < 0.0001
Total cholesterol (mg du™) 172 (148-195) 166 (145-196) 0.92 Total cholesterol (mg dLh 165 (143-188) 186 < 0.001
(158-223)
LDL cholesterol (mg dLh 93 (75-109) 91 (77-112) 0.62
LDL cholesterol (mg L) 87 (69-104) 105 (82-142) < 0.001
HDL cholesterol (mg dLh 59 (49-72) 55 (43-66) 0.0095
HDL cholesterol (mg del) 60 (52-73) 59 (48-73) 0.31
Triglycerides (mg dL™") 79 (58-112) 86 (65-124) 0.02
Triglycerides (mg L™ 66 (50-96) 105 (72-144) < 0.0001
eGFR < 60 mL min~" 1.73 23.7 76.3 <
m (%) 0.0001 eGFR < 60 mL min"' 1.73 44 15.1 0.001
m~ (%)
eGFR (mL min~' 1.73 m™?) 105 (87-118) 53 (12-96.5) <
0.0001 eGFR (mL min~' 1.73 mfz) 111 (93-125) 105 (77-127) 0.16
Diabetes characteristics Diabetes characteristics
Age at diagnosis (years) 12 (7-18) 11 (6-16) 0.22 Age at diagnosis (years) 12 (7-18) 11 (7-16) 0.76
Diabetes duration (years) 21 (16-29) 28 (23-35) < Diabetes duration (years) 17 (10-24) 16 (12-22) 0.59
0.0001
HbA ¢ (%) 8.4 (7.2-9.9) 8.2 (7.6-10.1) 0.71
HbA,C (%) 8.2 (7.4-9.3) 8.4 (7.6-9.6) 0.19
HbA ¢ (mmol molfl) 68 (55-85) 66 (60-87) 0.71
HbA,C (mmol mol ™) 66 (57-78) 68 (60-81) 0.19 i : — :
Results expressed as median and interquartile interval. HbAlc, glycated hemoglobin; eGER,
Insulin dose/weight (UI kg—l) 0.64 0.62 0.57 estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-
(0.48-0.86) (0.47-0.84) density lipoprotein.
Medications in use
Angiotensin-converting 259 391 0,006 It is well known that melatonin exerts antioxidant and anti-
enzyme inhibitors (%) inflammatory effects and modulates the renin-angiotensin system
) ) (RAS) and the sympathetic tone (12, 25). Melatonin antioxidant
Angiotensin II receptor 10.1 17.5 0.03 . X .
blockers (%) actions are related to pathways, such as sirtuin 1, that are
dependable on MTNRIA signaling (26). MTNRIA activation has
Statin (%) 36.8 49.3 0.015 . . N . . .
also been implicated in the anti-apoptotic as well as in part of the

Results expressed as median and interquartile interval. HbA,C, glycated hemoglobin; eGFR,
estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-
density lipoprotein.

significance, the number of individuals with this haplotype (seven
patients in total) is extremely limited.

4 Discussion

The presence of the minor allele A of rs4862705 in the
MTNRIA gene conferring risk for renal function decline in T1D
individuals was the main finding of this study. Although there is
evidence linking melatonin to DKD (24), to the best of the authors’
knowledge, this is the first study showing an association between a
variant in a gene belonging to the melatonin system and renal
function decline in the diabetic setting.

Frontiers in Endocrinology

anti-inflammatory effects of melatonin (27). Studies on animal
models have demonstrated that melatonin effects on the
sympathetic tone are also mediated by MTNRIA activation. This
receptor is present in vascular tissues, and its activation is associated
with vasoconstriction (28).

Considering that oxidative stress, inflammation, and
sympathetic activation participate in the etiopathogenesis of DKD
(2, 29), it is plausible that variants in the gene encoding MTNRIA
modulate the susceptibility to renal function decline in the context
of diabetes mellitus.

In an in vitro study using mouse podocytes damaged by
angiotensin II—similar to what is found in DKD pathogenesis—
exposure to melatonin attenuated ROS generation, resulting in less
apoptosis and restoration of cell viability, among other protective
effects (11). Thus, in theory, a lower renal action of melatonin
secondary to genetic variants could increase the susceptibility to
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TABLE 5 The genotype frequencies of individuals with type 1 diabetes TABLE 5 Continued
included in the longitudinal analysis stratified according to the status of
renal function decline. Nondecliners  Decliners (0] p-

(95% CI)  value

Nondecliners  Decliners (O]
(95% CI) et
N 312 99 AA 0.131 0.172
MTNR1A AT 0.529 0.475
154862705 1.84 0.0046 TT 0.340 0.353
(12-282) 17687823 0.96 0.8809
AA 0.077 0.091 (0.63-1.46)
AG 0.330 0.485 GG 0.186 0.172
GG 0593 0424 GA 0.500 0.525
MAE 0.241 0.333 AA 0.314 0.303
152165666 124 0.2789 MAF 0435 0.434
(0.83-1.85) CI, confidence interval; MAF, minor allele frequency; OR, odds ratio. Adjusted for arterial
hypertension, estimated glomerular filtration rate, triglycerides, and LDL-cholesterol
T 0423 0.444 concentration at baseline, and use of angiotensin-converting enzyme inhibitors. p < 0.006
was considered significant.
TC 0.433 0.394
ce 0-144 0.162 podocyte injury by local angiotensin II, which is stimulated by high
MAF 0360 0338 glucose concentration (30). Additionally, in vitro, albumin was able
11728777 095 0.8459 to reduce MTNRIA expression in tubular epithelial cells (31). Since
(0.63-1.45) tubular cells are exposed to albumin in individuals with DKD and
albuminuria, it is possible that during the progression of this
AA 0234 0232 o - e .
complication, MTNRIA downregulation participates in renal
AG 0519 0.556 tubular damage by reducing the beneficial effects of melatonin.
GG 0247 0212 We speculate that this process could be exacerbated in individuals
with genetic variants that modulate MTNRIA expression, a
MAF 0.493 0.510 ) ) ) ) )
hypothesis that requires confirmation. Alternatively, this SNP
rs6847693 ( 101 ) 0.8312 may affect another gene. According to the GTEx Consortium
1.0-1.01
Atlas, rs4862705 is an eQTL in the kidney cortex; that is, it affects
TT 0.032 0.020 gene expression by modulating the transcription rate of FATI, the
TC 0276 0293 gene neighbor to MTNRIA. FATI encodes FAT atypical cadherin 1,
c a protein expressed in podocytes and renal tubular cells whose
0.692 0.687
mutations cause glomerulo-tubular nephropathy (32).
MAF 0.169 0.166 The haplotype analysis showed that a haplotype that includes the
151946977 118 0.4945 minor allele A of rs4862705 increased the risk for DKD and renal
(0.72-1.90) function decline. These results were presented considering the
GG 0.045 0.030 exploratory nature of this study, but they should be interpreted with
caution given the limited number of individuals carrying this haplotype.
GT 0301 0384 . .
The presence of the minor allele G of rs1946977 in the
TT 0.654 0.586 MTNRIA gene conferred protection against DR, but the p-value
MAF 0.195 0222 did not reach the threshold corrected for multiple comparisons (<
0.006). We did not find evidence of the involvement of this SNP
16553010 1.28 0.6060 . . . .
(048-3.31) with other medical conditions, and further studies are necessary to
confirm this finding.
Ad 0048 0053 In the urinary analysis, we found no associations between
AG 0.321 0.330 aMT6s concentration and any of the chronic diabetes
GG 0.631 0.617 complications. There are scarce studies exploring the association
between diabetes complications and melatonin concentration.
er groups reported lower concentrations of melatonin in
MAF 0.208 0218 Oth ted 1 trat £ melat
1513140012 0.86 05248 individuals with DR using different methods, and Tutuncu et al.
(0.55-1.33) reported lower serum melatonin concentrations in association with

(Continued) ~ CAN (33, 34). It is important to notice that all these studies were
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performed in individuals with T2D, and, to our knowledge, this is
the first one carried out in T1D individuals.

The main limitations of this study are the absence of validation
in an independent cohort of T1D individuals and functional assays
to establish the mechanisms by which rs4862705 could affect renal
function. Even though this SNP is an eQTL for a gene relevant to
the kidney, its causative role cannot be inferred at this moment;
quantitative traits are complex and can be controlled by several
genes that interact among themselves (35). The main strength is the
longitudinal analysis of the renal outcome, which has the advantage
of using more data than only baseline data, providing stronger
evidence for a causal relationship than a cross-sectional analysis.

A small, double-blind, placebo-controlled study has
demonstrated a decrease in microalbuminuria in T2D individuals
receiving melatonin and zinc (36). The association of rs4862705 in
the gene encoding MTNRIA with renal function decline may revive
interest in studies addressing the use of melatonin in DKD.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors without undue reservation.

Ethics statement

The studies involving humans were approved by Comissdo de
Etica para Anilise de Projetos de Pesquisa - CAPPesq - Hospital das
Clinicas da Faculdade de Medicina da Universidade de Sao Paulo.
The studies were conducted in accordance with the local legislation
and institutional requirements. The participants provided their
written informed consent to participate in this study.

Author contributions

GD: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Validation, Writing - original draft,

References

1. World Health Organization. World Health Organization global report on diabetes.
Geneva: World Health Organizati (2016).

2. Brownlee M. Biochemistry and molecular cell biology of diabetic complications.
Nature. (2001) 414:813-20. doi: 10.1038/414813a

3. Perez RV, MaChado CG, Santos-Bezerra DP, Admoni SN, Patente TA, Monteiro
MB, et al. Allelic variations in genes belonging to glutathione system increase
proliferative retinopathy risk in type 1 diabetes individuals. Gene. (2019) 703:120-4.
doi: 10.1016/j.gene.2019.04.015

4. Admoni SN, Santos-Bezerra DP, Perez RV, Patente TA, Monteiro MB, Cavaleiro
AM, et al. Glutathione peroxidase 4 functional variant rs713041 modulates the risk for
cardiovascular autonomic neuropathy in individuals with type 1 diabetes. Diabetes
Vasc Dis Res. (2019) 16:297-9. doi: 10.1177/1479164118820641

5. Mohammedi K, Patente TA, Bellili-Murioz N, Driss F, Le Nagard H, Fumeron F,
et al. Glutathione peroxidase-1 gene (GPX1) variants, oxidative stress and risk of

Frontiers in Endocrinology

10.3389/fendo.2024.1331012

Writing - review & editing. DS: Data curation, Formal analysis,
Methodology, Validation, Writing - review & editing. AC:
Methodology, Writing - review & editing. TP: Investigation,
Writing - review & editing. SA: Investigation, Writing - review &
editing. RP: Investigation, Writing - review & editing. CM:
Investigation, Writing - review & editing. FA: Conceptualization,
Investigation, Methodology, Resources, Validation, Visualization,
Writing - review & editing. JC: Conceptualization, Data curation,
Formal analysis, Funding acquisition, Methodology, Resources,
Writing - review & editing, Writing - original draft. MC:
Conceptualization, Data curation, Formal analysis, Funding
acquisition, Project administration, Resources, Supervision,
Validation, Visualization, Writing - review & editing, Writing -
original draft.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by Funda¢ido de Amparo a Pesquisa do Estado de Sao
Paulo (FAPESP), Sdao Paulo, Brazil. Grant number 2014/50457-0.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

kidney complications in people with type 1 diabetes. Metabolism. (2016) 65:12-9.
doi: 10.1016/j.metabol.2015.10.004

6. Mohammedi K, Patente TA, Bellili-Mufioz N, Driss F, Monteiro MB, Roussel R,
et al. Catalase activity, allelic variations in the catalase gene and risk of kidney
complications in patients with type 1 diabetes. Diabetologia. (2013) 56:2733-42.
doi: 10.1007/s00125-013-3057-z

7. Albert FW, Kruglyak L. The role of regulatory variation in complex traits and
disease. Nat Rev Genet. (2015) 16:197-212. doi: 10.1038/nrg3891

8. Cipolla-Neto J, Amaral FGD. Melatonin as a hormone: new physiological and
clinical insights. Endocr Rev. (2018) 39:990-1028. doi: 10.1210/er.2018-00084

9. Padkkonen T, Makinen TM, Leppiluoto J, Vakkuri O, Rintamiki H, Palinkas LA,
et al. Urinary melatonin: a noninvasive method to follow human pineal function as
studied in three experimental conditions. J Pineal Res. (2006) 40:110-5. doi: 10.1111/
j.1600-079X.2005.00300.x

frontiersin.org


https://doi.org/10.1038/414813a
https://doi.org/10.1016/j.gene.2019.04.015
https://doi.org/10.1177/1479164118820641
https://doi.org/10.1016/j.metabol.2015.10.004
https://doi.org/10.1007/s00125-013-3057-z
https://doi.org/10.1038/nrg3891
https://doi.org/10.1210/er.2018-00084
https://doi.org/10.1111/j.1600-079X.2005.00300.x
https://doi.org/10.1111/j.1600-079X.2005.00300.x
https://doi.org/10.3389/fendo.2024.1331012
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Daher et al.

10. Manchester LC, Coto-Montes A, Boga JA, Andersen LP, Zhou Z, Galano A, et al.
Melatonin: an ancient molecule that makes oxygen metabolically tolerable. ] Pineal Res.
(2015) 59:403-19. doi: 10.1111/jpi.12267

11. Ji ZZ, Xu YC. Melatonin protects podocytes from angiotensin II-induced injury
in an in vitro diabetic nephropathy model. Mol Med Rep. (2016) 14:920-6. doi: 10.3892/
mmr.2016.5313

12. Afsar B, Elsurer Afsar R, Sag AA, Kanbay A, Korkmaz H, Cipolla-Neto J, et al.
Sweet dreams: therapeutic insights, targeting imaging and physiologic evidence linking
sleep, melatonin and diabetic nephropathy. Clin Kidney J. (2020) 13(4):522-30.
doi: 10.1093/ckj/sfz198

13. Amaral FGD, Andrade-Silva J, Kuwabara WM, Cipolla-Neto J. New insights into
the function of melatonin and its role in metabolic disturbances. Expert Rev Endocrinol
Metab. (2019) 14:293-300. doi: 10.1080/17446651.2019.1631158

14. Picinato M, Hirata A, Cipolla-Neto J, Curi R, Carvalho C, Anhe G, et al.
Activation of insulin and IGF-1 signaling pathways by melatonin through MT1
receptor in isolated rat pancreatic islets. J Pineal Res. (2008) 44:88-94. doi: 10.1111/
j.1600-079X.2007.00493.x

15. Monteiro MB, Santos-Bezerra DP, Thieme K, Admoni SN, Perez RV, MaChado
CG, et al. Thioredoxin interacting protein expression in the urinary sediment associates
with renal function decline in type 1 diabetes. Free Radical Res. (2016) 50:101-10.
doi: 10.3109/10715762.2015.1109083

16. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF, Feldman HI, et al. A
new equation to estimate glomerular filtration rate. Ann Intern Med. (2009) 150:604—
12. doi: 10.7326/0003-4819-150-9-200905050-00006

17. Wilkinson CP, Ferris FL, Klein RE, Lee PP, Agardh CD, Davis M, et al.
Proposed international clinical diabetic retinopathy and diabetic macular edema
disease severity scales. Ophthalmology. (2003) 110:1677-82. doi: 10.1016/S0161-
6420(03)00475-5

18. Moreira RO, Castro AP, Papelbaum M, Appolinario JC, Ellinger V, Coutinho
WF, et al. Tradugéo para o portugués e avaliagio da confiabilidade de uma escala para
diagnostico da polineuropatia distal diabética. Arq Bras Endocrinol Metab. (2005)
49:944-50. doi: 10.1590/50004-27302005000600014

19. Boulton AJ. Management of diabetic peripheral neuropathy. Clin diabetes.
(2005) 23:9-15. doi: 10.2337/diaclin.23.1.9

20. Vinik AL, Maser RE, Mitchell BD, Freeman R. Diabetic autonomic neuropathy.
Diabetes Care. (2003) 26:1553-79. doi: 10.2337/diacare.26.5.1553

21. Lahiri DK, Nurnberger JIJr. A rapid non-enzymatic method for the preparation
of HMW DNA from blood for RFLP studies. Nucleic Acids Res. (1991) 19:5444.
doi: 10.1093/nar/19.19.5444

22. Santos-Bezerra DP, Admoni SN, Mori RC, Pelaes TS, Perez RV, MaChado CG,
et al. Genetic variants in DNMT 1 and the risk of cardiac autonomic neuropathy in
women with type 1 diabetes. J Diabetes Invest. (2019) 10:985-9. doi: 10.1111/jdi.12988

Frontiers in Endocrinology

08

10.3389/fendo.2024.1331012

23. Yong Y, Lin H. SHEsis, a powerful software platform for analyses of linkage
disequilibrium, haplotype construction, and genetic association at polymorphism loci.
Cell Res. (2005) 15:97. doi: 10.1038/sj.cr.7290272

24. Oktem F, Ozguner F, Yilmaz HR, Uz E, Diindar B. Melatonin reduces urinary
excretion of N-acetyl-beta-D-glucosaminidase, albumin and renal oxidative markers in
diabetic rats. Clin Exp Pharmacol Physiol. (2006) 33:95-101. doi: 10.1111/j.1440-
1681.2006.04330.x

25. Campos LA, Cipolla-Neto J, Amaral FG, Michelini LC, Bader M, Baltatu OC. The
angiotensin-melatonin axis. Int ] Hypertension. (2013) 2013. doi: 10.1155/2013/521783

26. Cecon E, Oishi A, Jockers R. Melatonin receptors: molecular pharmacology and
signalling in the context of system bias. Br J Pharmacol. (2018) 175:3263-80.
doi: 10.1111/bph.13950

27. Radogna F, Paternoster L, Albertini MC, Cerella C, Accorsi A, Bucchini A, et al.
Melatonin antagonizes apoptosis via receptor interaction in U937 monocytic cells. ]
Pineal Res. (2007) 43:154-62. doi: 10.1111/j.1600-079X.2007.00455.x

28. Ting K, Blaylock N, Sugden D, Delagrange P, Scalbert E, Wilson V. Molecular
and pharmacological evidence for MT1 melatonin receptor subtype in the tail artery of
juvenile Wistar rats. Br ] Pharmacol. (1999) 127:987-95. doi: 10.1038/sj.bjp.0702612

29. Dronavalli S, Duka I, Bakris GL. The pathogenesis of diabetic nephropathy. Nat
Clin Pract Endocrinol Metab. (2008) 4:444-52. doi: 10.1038/ncpendmet0894

30. Durvasula RV, Shankland SJ. Activation of a local renin angiotensin system in
podocytes by glucose. Am ] Physiology-Renal Physiol. (2008) 294:F830-F9.
doi: 10.1152/ajprenal.00266.2007

31. Huang YS, Lu KC, Chao TK, Chen JS, Chen A, Guo CY, et al. Role of melatonin
receptor 1A and pituitary homeobox-1 coexpression in protecting tubular epithelial cells
in membranous nephropathy. J Pineal Res. (2018) 65:¢12482. doi: 10.1111/jpi.12482

32. Gee HY, Sadowski CE, Aggarwal PK, Porath JD, Yakulov TA, Schueler M, et al.
FAT1 mutations cause a glomerulotubular nephropathy. Nat Commun. (2016) 7:1-11.
doi: 10.1038/ncomms10822

33. Chen W, Cao H, Lu QY, Wang N, Zhao SZ, Xu X, et al. Urinary 6-
sulfatoxymelatonin level in diabetic retinopathy patients with type 2 diabetes. Int J
Clin Exp Pathol. (2014) 7:4317-22.

34. Tutuncu NB, Batur MK, Yildirir A, Tutuncu T, Deger A, Koray Z, et al.
Melatonin levels decrease in type 2 diabetic patients with cardiac autonomic
neuropathy. J Pineal Res. (2005) 39:43-9. doi: 10.1111/j.1600-079X.2005.00213.x

35. Tian J, Chen G, Zhang H, Chen J, Wu P, Zhao Y. Genetic Analyses of Wheat and
Molecular Marker-Assisted Breeding Vol. 1. Dordrecht: Springer Netherlands (2015).
doi: 10.1007/978-94-017-7390-4

36. Kadhim HM, Ismail SH, Hussein KI, Bakir IH, Sahib AS, Khalaf BH, et al. Effects
of melatonin and zinc on lipid profile and renal function in type 2 diabetic patients
poorly controlled with metformin. J Pineal Res. (2006) 41:189-93. doi: 10.1111/§.1600-
079X.2006.00353.x

frontiersin.org


https://doi.org/10.1111/jpi.12267
https://doi.org/10.3892/mmr.2016.5313
https://doi.org/10.3892/mmr.2016.5313
https://doi.org/10.1093/ckj/sfz198
https://doi.org/10.1080/17446651.2019.1631158
https://doi.org/10.1111/j.1600-079X.2007.00493.x
https://doi.org/10.1111/j.1600-079X.2007.00493.x
https://doi.org/10.3109/10715762.2015.1109083
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.1016/S0161-6420(03)00475-5
https://doi.org/10.1016/S0161-6420(03)00475-5
https://doi.org/10.1590/S0004-27302005000600014
https://doi.org/10.2337/diaclin.23.1.9
https://doi.org/10.2337/diacare.26.5.1553
https://doi.org/10.1093/nar/19.19.5444
https://doi.org/10.1111/jdi.12988
https://doi.org/10.1038/sj.cr.7290272
https://doi.org/10.1111/j.1440-1681.2006.04330.x
https://doi.org/10.1111/j.1440-1681.2006.04330.x
https://doi.org/10.1155/2013/521783
https://doi.org/10.1111/bph.13950
https://doi.org/10.1111/j.1600-079X.2007.00455.x
https://doi.org/10.1038/sj.bjp.0702612
https://doi.org/10.1038/ncpendmet0894
https://doi.org/10.1152/ajprenal.00266.2007
https://doi.org/10.1111/jpi.12482
https://doi.org/10.1038/ncomms10822
https://doi.org/10.1111/j.1600-079X.2005.00213.x
https://doi.org/10.1007/978-94-017-7390-4
https://doi.org/10.1111/j.1600-079X.2006.00353.x
https://doi.org/10.1111/j.1600-079X.2006.00353.x
https://doi.org/10.3389/fendo.2024.1331012
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Rs4862705 in the melatonin receptor 1A gene is associated with renal function decline in type 1 diabetes individuals
	1 Introduction
	2 Materials and methods
	2.1 Evaluation of diabetic complications
	2.2 SNP selection and genotyping
	2.3 Urinary aMT6s measurement
	2.4 Statistical analyses

	3 Results
	3.1 Clinical results
	3.2 Genotype analyses

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


