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Background: The cannabinoid receptor 1 (CNR1) gene polymorphism is reportedly asso-
ciated with components of metabolic syndrome and coronary artery diseases in patients with
type 2 diabetes mellitus (T2DM). We investigated whether the common variant rs10493353
polymorphism is associated with diabetic nephropathy (DN) in T2DM patients.

Patients and Methods: T2DM patients with DN were enrolled as a case group, and
patients with only T2DM as a control group. Demographic data and biochemical parameters
were collected. The polymerase chain reaction-based restriction fragment length polymorph-
ism technique was used for genotyping. The odds ratio and 90% confidence interval were
calculated to assess the association between genotypes and the risk of DN.

Results: In total, 320 T2DM patients and 320 DN patients were enrolled. Compared with
T2DM patients, the DN patients have a significantly larger body mass index (BMI), longer
duration of disease, and higher proportions of smokers, drinkers, and hypertension. The risk
of DN was significantly decreased by genotypes AA (OR=0.39, 95% CI=0.23-0.67) and GA
(OR=0.53, 95% CI=0.37-0.75) vs GG (codominant model), GA/AA vs GG (OR=0.49, 95%
CI=0.35-0.67; dominant model), AA vs GG/GA (OR=0.47, 95% CI=0.28-0.80; recessive
model), and the A allele (OR=0.52, 95% CI=0.40-0.68; allele model). Multiple logistic
regressions still show significant levels. Negative interactions were found between gene and
clinical parameters, including drinking, smoking, BMI, and hypertension.

Conclusion: The A allele of CNRI1 gene rs10493353 may be a protective factor for DN in
T2DM patients. The risk factors of DN can affect the protective role of A allele in the
progression of DN.

Keywords: diabetes mellitus, diabetic nephropathy, gene polymorphism, cannabinoid
receptor 1

Introduction

Due to unhealthy eating habits and lifestyles, the global prevalence of diabetes has
increased dramatically. Diabetes has become the second major type of diseases
after high blood pressure, and has brought heavy living and economic burdens to
patients.! Diabetic nephropathy (DN), one of the main chronic microvascular
complications of diabetes mellitus, is the primary cause of dialysis in developed
countries and the main cause of dialysis in patients with kidney diseases.”” With
the accelerated aging and significant changes in diet and lifestyle in China, the
prevalence of diabetes mellitus has increased significantly, and more than 1/3 of
patients with type 1 diabetes mellitus (T1DM) and 20% of patients with type 2
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diabetes mellitus (T2DM) eventually develop to DN.* DN
is characteristic of glomerular hypertrophy, proteinuria,
progressive decrease of glomerular filtration rate (GFR),
and renal fibrosis, which lead to the loss of renal function.
Intraglomerular hypertension and high filtration are
caused by abnormal glucose metabolism, hemodynamics,
genetic susceptibility, and other abnormalities.” The
diminished renal function caused by DN will shorten the
life expectancy and increase the risk of cardiovascular
diseases, thereby seriously lowering the quality-of-life.
At present, there is no specific effective drug for the
treatment of DN.® The progress of DN is mainly delayed
by improving lifestyles, controlling blood glucose and
blood pressure, and correcting lipid metabolism disorders.
The specific molecular mechanism leading to DN is not
fully understood. Due to the complex background of meta-
bolic diseases, the prevention and treatment of DN are
more challenging than other kidney diseases. DN has
become an important scientific and social problem.
Therefore, early risk assessment and prevention of DN in
T2DM patients are important.

DN is also affected by gene factors in addition to
environmental risk factors. Cannabinoid receptor 1
(CNR1) is a polypeptide composed of 473 amino acids
encoded by CNRI1 genes. It belongs to the inhibitory
G protein coupled receptor family. The rs10493353 poly-
morphism (also called G1359A) is reportedly associated
with some components of metabolic syndrome, such as
decreased high-density lipoprotein cholesterol, obesity,
elevated triglyceride, and insulin levels, which are all
risk factors of T2DM.”'° This common polymorphism is
associated with risk of T2DM.!! However, rs10493353
may not be associated with T2DM, but may contribute
the genetic risk of diabetic complications, such as coron-
ary artery disease.'” Animal experiments suggest that the
blockade of CNRI1 can increase the albuminuria level in
diabetic mice compared with the controls.'®> Furthermore,
high-glucose stimulates the upregulation of CNR1-related
receptor expression, and blockade of CNR1 decreases the
urinary 8-isoprostane, renal lipid hydroperoxide, and renal
lipid levels."* These results imply that the CNR1-related
receptor is involved in the development of DN. Despite the
association studies above, no data about the association
between 1510493353 polymorphism and DN in T2DM
patients are available. In the present study, we investigated
whether the rs10493353 polymorphism is associated with
DN in T2DM patients.

Patients and Methods

Study Population

We enrolled T2DM patients from the Department of
Endocrinology,
Department of Endocrinology, Emergency General
Hospital from 2018 to 2019. T2DM patients with DN
were included as a case group, and T2DM patients without

China-Japan Friendship Hospital, and

DN were set as a control group. T2DM was diagnosed
according to the criteria recommended by World Health
Origination: Diabetic symptoms (so-called typical clinical
polydipsia, polyuria, and more food and weight loss), blood
glucose >11.1 mol/L at any time or fasting blood glucose
>7.0 mol/L, or 2-hour postprandial plasma glucose level
>11.1 mol/L."> DN was diagnosed in accordance with the
consensus reached by the American Diabetes Association
and National Kidney Foundation: GFR<60 mL/min*1.73*
or albumin creatinine ratio>30 mg/g lasting for more than 3
months.' !

The following patients were excluded: 1) TIDM; 2)
severe cardiac, liver, and renal function failure; 3) drug
intoxication, infection and multiple myeloma, macroglo-
bulin, urinary tract infection, ureteral calculi and tumors,
renal disease, and other diseases that cause proteinuria; 4)
experience of strenuous exercise within 24 hours; 5) his-
torical exposure to radiation; 6) pregnancy or nursing; and
7) in relation to another study population. This study was
approved by the Ethics Committee of China-Japan
Friendship Hospital, and all subjects provided written
informed consent. The research has been carried out in
with the World Medical
Declaration of Helsinki.

accordance Association

Data Collection

Demographic data including gender, age, height, weight,
body mass index (BMI=weight/(heightxheight), kg/m?),
waist, duration of DM, blood pressure for hypertension
diagnosis, and history of medication, smoking, or drink-
ing. Venous blood was collected on an empty stomach at
early morning for detection of biochemical parameters:
triglyceride (TG), total cholesterol (TC), low-density lipo-
protein cholesterol (LDL-C), high-density lipoprotein cho-
lesterol (HDL-C), HbA1c%, fast blood glucose, creatinine,
and albumin for albumin/creatinine ratio. Morning urine
was collected for urinary albumin detection. The eGFR
was calculated as follows: 186xSCr-''>* age in years =
—-0.203x1.210 (if black) or x0.742 (if female).'®
Hypertension was defined as systolic BP (SBP)>140
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mmHg or diastolic BP (DBP)=90 mmHg or previous
intake of anti-hypertensive drug, and BMI>24 was judged
as overweight.'® Smoking was defined as current smoking
or previous daily smoking.?’ Drinking was defined as 2—4

times a month.>?!

SNP Genotyping

Another 5 mL of venous blood was collected for DNA
extraction via a Chelex-100 device (Rio-Rad, Hercules,
CA). The polymerase chain reaction (PCR)-based restric-
tion fragment length polymorphism technique was used.
The extracted DNA was stored at —20°C, and DNA ampli-
fication of a single nucleotide polymorphism (SNP) was
performed with primers (forward 5-TTCACAGGGCCGC
AGAAAG-3', reverse 5'-GAGGCATCAGGCTCA CAGA
G-3'). Real-time PCR conditions were as follows: 95°C for
10 minutes; 40 cycles of 95°C for 15 seconds, and 60 °C
for 1 minute; final extension at 72°C for 10 minutes. The
PCR products were separated by 2% agarose gel electro-
phoresis. Results were analyzed using TYPER 4.0.

Statistical Analysis

All analyses were performed on SPSS 23.0. Continuous
data were expressed as meantstandard deviation, and
compared between cases and controls by independent
t-test.
and percent, and compared by the Chi-square test. The

Category data were expressed as count
associations between gene polymorphism and the risk of
DN were assessed by codominant model (GG/GA/AA),
dominant model (GA/AA vs GG), recessive model (AA vs
GG/GA), and allele model (A vs G). Univariate and multi-
ple logistic regressions (adjusted for age, gender, smoking,
drinking, BMI, hypertension, diuretics, duration of dis-
ease) were used to calculate the odds ratio (OR) and
their 95% confidence interval (CI). The multiple compar-
isons were corrected by the false-positive report probabil-
ity analysis with a prior probability of 0.01 being assigned
to detect an OR of 1.5 (risk allele) or 0.67 (protective
allele). Subgroup analysis was performed by gender,
hypertension, smoking, drinking, BMI, and diuretics
usage. The crossover analysis was used to assess the
interaction between gene and environment. The interaction
analysis only involved these significant variables in uni-
variate analysis, including smoking, drinking, BMI, and
hypertension. P<0.05 was considered as the significant
level.

Results
Comparisons of General Characteristics

Between Groups

The comparisons of general characteristics between the
case group and the control group are presented in Table 1.
In total, 320 T2DM patients and 320 DN patients were
enrolled. No significant differences between groups were
found in age (54.1+7.0 vs 53.9+£7.2, P=0.860), gender
rate (male: 42.2% vs 49.1%, P=0.081), or waist (90.4
+9.8 vs 89.7£9.8, P=0.374). The DN patients compared
with the T2DM patients had significantly larger BMI
(28.942.2 vs 28.5+2.3, P=0.031) and longer duration of
disease (6.2+2.2 vs 4.5£2.0, P<0.001), and were more
likely to be smokers (32.2% vs 21.9%, P=0.003) and
drinkers (35.9% vs 23.4%, P=0.001). The hypertension
rate was also higher in the DN group than in the T2DM
group (33.4% vs 24.7%, P=0.015). No significant differ-
ences were found in TG (P=0.230), TC (P=0.466),
LDL-C (P=0.931), HDL-C (P=0.106), fast blood glucose
(P=0.409), HbAlc (P=0.194), or creatinine (P=0.301).
However, eGFR was significantly lower in the DN
group than in the T2DM group (62.9+6.2 vs 74.7£5.8,
P<0.001), while the albumin/creatinine ratio was extre-
mely higher in the DN group (81.9+£14.4 vs 30.5£5.1,
P<0.001). We also compared the medication usage
between two groups, including angiotensin-converting
enzyme inhibitor (ACEI), angiotensin II receptor blocker
(ARB), calcium channel blocker (CCB), diuretics, beta-
blocker, alpha-blocker, and lipid-lowering. No significant
differences were found in these medications, expect for
the diuretics (35.0% vs 27.5%, P=0.041).

Association Between Gene
Polymorphism and DN

Table 2 presents the association between CNR1 gene poly-
morphism and risk of DN in different genetic models. In
the codominant model, the AA (OR=0.39, 95%
CI=0.23-0.67, P=0.001) and GA (OR=0.53, 95%
CI=0.37-0.75, P<0.001) genotypes decreased the risk of
DN compared to GG genotype. In the dominant model, the
GA/AA genotypes had lower risk of DN than GG geno-
type (OR=0.49, 95% CI=0.35-0.67, P<0.001). In the
recessive model, the AA genotype decreased the risk of
DN compared to GG/GA (OR=0.47, 95% CI=0.28-0.80,
P=0.0006). In the allele model, the A allele was a low-risk
factor for DN (OR=0.52, 95% CI=0.40-0.68, P<0.001).
Furthermore, multiple logistic regressions were performed.
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Table | Comparisons of General Characteristics Between the DM Group and DN Group

Parameters DM Group DN Group t/x? P
Age (years) 53.9+7.2 54.1x7.0 —-0.177 0.860
Gender 3.048 0.081
Male, n (%) 135 (42.2%) 157 (49.1%)
Female, n (%) 185 (57.8%) 163 (50.9%)
Waist, cm 89.7+9.8 90.4+9.8 —0.890 0.374
BMI, kg/m? 28.5+2.3 28.9+2.2 -2.163 0.031
Smoking, n (%) 70 (21.9%) 103 (32.2%) 8.627 0.003
Drinking, n (%) 75 (23.4%) 115 (35.9%) 11.977 0.001
Hypertension, n (%) 79 (24.7%) 107 (33.4%) 5.942 0.015
TG, mg/dL 151.5£62.3 145.7£59.9 1.203 0.230
TC, mg/dL 186.4£32.2 184.6+£32.7 0.730 0.466
LDL-C, mg/dL 122.5£36.7 122.2+38.8 0.087 0.931
HDL-C, mg/dL 47.2+11.4 45.7£12.7 1.617 0.106
Fast blood glucose, mg/dL 139.3+20.1 140.6+20.1 —0.827 0.409
HbAlc, % 8.1+1.4 7.9%1.5 1.300 0.194
Creatinine, mg/dL 1.1£0.3 1.1£0.3 1.305 0.301
eGFR, mL/min*1.73m? 74.7+5.8 62.916.2 2.882 <0.001
Albumin/Creatinine, mg/g 81.9+14.4 30.545.1 —60.368 <0.001
Duration of disease, year 45+2.0 6.2+2.2 9917 <0.001
Medication usage, n (%)
ACEI 50 (15.6%) 51 (15.9%) 0.012 0914
ARB 159 (49.7%) 140 (43.8%) 2.266 0.132
CCB 92 (28.7%) 86 (26.9%) 0.280 0.597
Diuretics 112 (35.0%) 88 (27.5%) 4.189 0.041
B-blocker 111 (34.7%) 101 (31.6%) 0.705 0.401
a-blocker 56 (17.5%) 59 (18.4%) 0.095 0.757
Lipid-lowering 161 (50.3%) 162 (50.6%) 0.006 0.937

Abbreviations: DM, diabetes mellitus; DP, diabetic nephropathy; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; eGFR, estimated
glomerular filtration rate; TG, Triglyceride; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; ACEI, angiotensin-
converting enzyme inhibitor; ARB, angiotensin Il receptor blocker; CCB, calcium channel blocker.

The adjusted results still show significant levels (Table 2).
With the corrected multiple tests, the false-positive report
probability was analyzed (Table 3). Results indicated the
effect of SNP remained noteworthy with a priority of 0.1.

Subgroup analyses were performed to assess the differ-
ential effect of clinical parameters on the DN associated
with the gene polymorphism. Generally, the AA genotype
still led to low risk of DN in all subgroups. Gender,
hypertension, smoking, drinking, BMI, and diuretics all
affected the association between gene polymorphism and
the risk of DN in some gene models, including GA vs GG
and AA vs GA/GG of gender, hypertension, smoking, or
drinking.

For patients with BMI>24, the A allele was not asso-
ciated with the risk of DN (A vs G: OR=0.93, 9%
CI=0.55-1.57, P=0.782). The details are presented in
Table 4.

Interaction Analysis

The interactions of gene with smoking, drinking, hyper-
tension, or BMI were investigated using crossover analy-
sis. The AA and GA genotype was found in a negative
interaction with smoking for the risk of DN. Only smoking
was associated with the risk of DN compared to those
without A allele or smoking (OR=1.94, 95%
CI=1.21-3.069), while the A allele reduced the risk of
DN compared to patients without A allele or smoking
(AA: OR=0.43, 95% CI=0.23-0.79), and the association
was insignificant in patients with A allele and smoking.
Both the A allele and only drinking were associated with
DN. The A allele lowered the risk of DN (AA: OR=0.37,
95% CI=0.19-0.73; GA: OR=0.54, 95% CI=0.35-0.82),
and smoking increased the risk of DN. Moreover, smoking
weakened the association between gene and DN (AA:
OR=0.70, 95% CI=0.30-1.65; GA: OR=1.00, 95%
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Table 2 Association Between CNRI Gene Polymorphism and Risk of DN in Different Genetic Model
Genetic Model DN DM OR (95% CI) P Adjusted OR (95% CI) Padjusted
Codominant model GG 225 (70.3%) 171 (53.4%) 1.00
GA 72 (22.5%) 104 (32.5%) 0.53 (0.37-0.75) <0.001 0.50 (0.33-0.74) 0.001
AA 23 (7.2%) 45 (14.1%) 0.39 (0.23-0.67) 0.001 0.44 (0.24-0.81) 0.008
Dominant model GG 225 (70.3%) 171 (53.4%) 1.00
GA/AA 95 (29.7%) 149 (46.6%) 0.49 (0.35-0.67) <0.001 0.48 (0.34-0.69) <0.001
Recessive model GG/GA 297 (92.8%) 275 (85.9%) 1.00
AA 23 (7.2%) 45 (14.1%) 0.47 (0.28-0.80) 0.006 0.54 (0.28-0.98) 0.043
Allele model G 522 (81.5%) 446 (69.7%) 1.00
A 118 (18.5%) 194 (30.3%) 0.52 (0.40-0.68) <0.001 - -
Note: Adjusted for age, gender, smoking, drinking. BMI, hypertension, diuretics, duration of disease.
Abbreviations: DM, diabetes mellitus; DN, diabetic nephropathy; OR, odds ratio; Cl, confidence interval.
Table 3 False-Positive Reports Probability Values of Associations Between Gene and DN
Genetical Model OR (95% CI) Power Prior Probability
0.2 0.1 0.01
GA vs GG 0.53 (0.37-0.75) 0.937 0.002 0.004 0.044
AA vs GG 0.39 (0.23-0.67) 0.929 0.021 0.045 0.343
GA/AA vs GG 0.49 (0.35-0.67) 0.992 0.001 0.002 0.024
AA vs GA/GG 0.47 (0.28-0.80) 0.792 0.019 0.042 0.324
Gvs A 0.52 (0.40-0.68) 0.998 <0.001 0.001 0.010

CI=0.53-1.88). For patients with BMI>24, BMI seemingly
was not related to the risk of DN, and the AA genotype
decreased the risk of DN. A negative interaction was
identified between AA genotype and BMI for the elevated
risk of DN (OR=1.25, 95% CI=0.36-4.36). No interaction
was found between GA genotype and BMI for suscept-
ibility to DN. Similarly, the A allele was associated with
the risk of DN, and insignificant interactions were found
between AA (OR=1.04, 9% CI=0.48-2.25)/GA (OR=1.00,
95% CI=0.54-1.82) and hypertension for the decreased
risk of DN. The details are presented in Table 5.

Discussion

1) The A allele has lower frequency in the DN patients
than in the DM patients. 2) The A allele of CNR1 gene is
associated with a decreased risk of DN in T2DM patients.
3) Subgroup analysis suggests that gender, hypertension,
smoking, drinking, BMI, or diuretics does not affect the
association between gene polymorphism and the risk of
DN. 4) Negative interactions exist between the CNRI1
gene and some parameters for the increased risk of DN,
including drinking, smoking, BMI, and hypertension. To
the best of our knowledge, this is the first study on the

association between rs10493353 of CNR1 gene and the
risk of DN.

DN is one of the major microvascular complications of
diabetes mellitus and the primary cause of end-stage renal
disease.”” The DN ratio caused by T2DM accounts for the
vast majority. Due to its inconspicuous early symptoms and
limited clinical treatment methods, most patients rapidly
progress to chronic renal failure, which become heavy
social, medical, and economic burdens.?? Therefore, it is
of great importance to identify other factors that may affect
the progress of DN. A previous study confirms that DN is
induced by the combination of genetic and environment
factors.** The present study indicates that the A allele
level is lower in the T2DM group than in the DN group,
and univariate and multiple logistic regressions show that
the AA genotype is significantly related to a decreased risk
of DN in T2DM patients. Our results provide important
evidence for the role of rs10493353 (G/A) polymorphism
in the progression of DN. Reportedly, the rs10493353 (also
called G1359A) is involved in the mechanism of metabolic
syndromes. Compared with GG genotype, patients with the
AA genotype have lower BMI, blood pressure, and insulin
resistance.” A previous study suggests that the endogenous
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Table 5 Interactions Between Gene and Environmental Factors Analysis

Gene Environment Case Control OR (95% CI) Reflecting Information

AAIGG Smoking

- - 152 137 1.00 E (-), the role of G

- + 73 34 1.94 (1.21-3.09) E (+), the role of G
- 17 36 0.43 (0.23-0.79) G (), the role of E
+ 6 9 0.60 (0.21-1.73) G (+), the role of E

GA/GG Smoking

- - 152 137 1.00 E (-), the role of G

- + 73 34 1.94 (1.21-3.09) E (+), the role of G
- 48 77 0.56 (0.37-0.86) G (), the role of E
+ 24 27 0.80 (0.44—1.45) G (+), the role of E

AA/GG Drinking

- - 143 130 1.00 E (-), the role of G

- + 82 41 1.82 (1.17-2.83) E (+, the role of G
- 13 32 0.37 (0.19-0.73) G (), the role of E
+ 10 13 0.70 (0.30-1.65) G (+), the role of E

GA/GG Drinking

- - 143 130 1.00 E (-), the role of G

- + 82 41 1.82 (1.17-2.83) E (+), the role of G
- 49 83 0.54 (0.35-0.82) G (), the role of E
+ 23 21 1.00 (0.53-1.88) G (+), the role of E

AA/GG BMI

- - 175 125 1.00 E (-), the role of G

- + 50 46 0.78 (0.49-1.23) E (+), the role of G
- 16 41 0.28 (0.15-0.52) G (), the role of E
+ 7 4 1.25 (0.36-4.36) G (+), the role of E

GA/GG BMI

- - 175 125 1.00 E (-), the role of G

- + 50 46 0.78 (0.49—1.23) E (+), the role of G
- 51 41 0.89 (0.55-1.42) G (), the role of E
+ 21 30 0.50 (0.27-0.91) G (%), the role of E

AAIGG Hypertension

- - I51 128 1.00 E (-), the role of G

- + 74 43 1.46 (0.94-2.27) E (+), the role of G
- 17 32 0.45 (0.24-0.85) G (), the role of E
+ 16 13 1.04 (0.48-2.25) G (+), the role of E

GA/GG Hypertension

- - 151 128 1.00 E (-), the role of G

- + 74 43 1.46 (0.94-2.27) E (+), the role of G
- 45 8l 0.47 (0.31-0.73) G (-), the role of E
+ 27 23 1.00 (0.54-1.82) G (+), the role of E

opioid system may play a role in some metabolic events
associated with potential obesity, such as plasma [-
endorphin related to marked B-cell and o-cell hormonal
reactivity in subjects at high risk for obesity. The opioid
receptor blockade by naloxone may revert the hyperglyce-
mic response and exaggerate/3- and a-cell production

secondary to p-endorphin infusion in obese subjects, and
essentially decrease both plasma insulin and glucose
levels.”> Like the opioid system, the blockade of CNRI
receptor not only facilitates weight loss, but also improves
insulin clinical of lipid

sensitivity and measures

homeostasis.®
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On the contrary, the HDL-C level was elevated in
patients with AA genotype. The AA genotype may be
associated with a decreased risk of metabolic syndromes.”
It is well-known that the components of metabolic syn-
dromes are risk factors of T2DM and lead to the progres-
sion of T2DM.?**” QOur study demonstrates that the AA
genotype reduces the risk of DN. Probably, the variation of
CNRI gene decreases the expression or activity of CNR1
receptor, which reduces stimulation to the endocannabinoid
receptor by endocannabinoid. The endocannabinoid system
affects the dietary behavior of patients through central and
peripheral mechanisms. The elevated expression of CNR1
will directly increase the appetite of patients, which also
explains the influence of higher mRNA expression in
patients with GG genotype.”® Previous studies show that
another genetic locus (1260G>A) plays an important role in
the clinical outcomes of early-stage T2DM treated with
liraglutide. Mean levels of BMI, FPG, and HbAlc decrease
more significantly in GA/AA genotype patients than GG
genotype patients (P<0.05). Mean levels of BMI, FPG,
2hPG, and HbAlc decrease significantly after treatment in
GA/AA and GG genotype patients. The mean mRNA
expression of CNRI in GG genotype patients is signifi-
cantly higher than in GA/AA genotype patients. The AA
genotype reduces the insulin resistance and weight, which
affect the clinical efficacy of liraglutide.”® Since the
rs10493353 polymorphism is also associated with metabolic
components such as GI1260A, the AA genotype of
rs10493353 may affect the development of DN in T2DM
patients through a similar mechanism. In recent years, it is
suggested that the endocannabinoid system affects the
secretion function of the pancreas. The cannabinoids show
pharmacologic action under the combination of CNR1 and
CNR2. In-vivo experiments show that CNR1 is expressed
in A cells. The CNR1 agonist (anandamide and arachido-
nylcyclopropylamide) can exhibit the cytosolic Ca oscilla-
tion induced by glucose, and inhibit the insulin secretion.
The blockade of CNR1 enhances the insulin receptor sig-
naling and elevates the A cell proliferation through gene
and pharmacology.®® The blood glucose level decreases,
and A-cell proliferation and insulin receptor signaling are
enhanced after CNR1 antagonism treatment in mice. These
results indicate DNR1 can be a therapeutic target for DN.*!
Our study also indicates some negative interactions between
A allele and environmental factors. Specifically, smoking,
drinking, overweight, and hypertension all affect the pro-
tective role of A allele in the development of DN, meaning
that these metabolism-related risk factors will increase the

risk of DN with GG genotype. This is because the GG
genotype accounts for the majority of patients and increases
the mRNA expression. The blockade for CNR1 can be an
effective treatment method.”*>*

Our study has several limitations. First, despite the
sufficient statistical power (more than 90%), the subgroup
analyses have some restrictions because of the small sample
size. Second, this study was performed in the populations of
northern China, the results should be explained cautiously
in other population settings. Third, we did not perform
genotyping in normal healthy controls because of our
study objective and the fact that previous studies have
confirmed the association between rs10493353 polymorph-
ism and T2DM. Finally, we did not explore the specific
molecular mechanism, so further research is needed.

In conclusion, the rs10493353 polymorphism of the
CNRI1 gene is associated with DN in T2DM patients,
and the A allele decreases the risk of DN. Some environ-
mental factors can counteract the effect of gene in the
progression of DN. The rs10493353 G/A polymorphism
may be an independent marker of DN in T2DM patients.
The blockade of CNR1 can be used for treatment of DN in
T2DM patients.
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