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INTRODUCTION

Type 2 diabetes is prevalent for all age groups throughout the 
world, and it was estimated to be 2.8% in 2000, and this percentage 
grew significantly to 4.4% in 2030(1). Probably, the rate of diabetes 
will increase to 366 million people by 2030(1,2). Hence, identification, 
taking care, education about symptoms of diabetes is necessary(2). 
The current study, which we focused, is the association between 
type 2 diabetic and intestinal cancer. Several studies showed that 
there is a relationship between diabetes type 2 and human cancer, 
especially colorectal cancer(3,4). Moreover, the progression of the 
colon tumor becomes faster when the amount of  insulin in the 
blood gets more(5,6). The concept of increasing insulin levels and 
insulin-like growth factor (IGF) in the blood with type 2 diabetes 
are stimulated with the growth and depletion of cloned cell walls, 
and the continuation of this process leads to the cellular deforma-
tion(7-9). This is the evidence for intestinal cancer in type 2 diabetes 
in population(10). At this time, we studied mutations in CD38 gene in 
the intestinal cancer population. CD38 is known as the cyclic ADP 
ribosome hydrolase. A glycoprotein that is found on the surface of 
many immune cells (white blood cells), including CD4+, CD8+,  
B lymphocytes, and natural killer cells. CD38 also acts in cell ad-
hesion, signal transduction, and calcium signaling(11,12).
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In humans, the CD38 gene located in the short arm of chro-
mosome 4. This gene has eight exons in 15 p4, and it has a length 
of  70 kbp(13,14). The genetic and autoimmune characteristics of 
CD38 protein are associated with diabetes. A study of  the po-
tential pathological pathways of  insulin secretion by CD38 was 
discovered in a CD38 (Arg140Trp) gene mutation among 13% of 
Japanese type 2 diabetic patients with family history(15-17). From 
1990 to 2013 the rate of  colorectal cancer increased by death 
(around 57%). The epidemiological studies suggest that diabetic 
mellitus especially diabetic type 2 mellitus (T2DM), associated 
with increased risk of cancer at several sites, including colorectal 
and intestinal cancer(18-20). Furthermore, Ma et al., 2008 proposed 
that prostate tumors contained multiple Gleason grades as well as 
multiple cancer cell types that were distinguishable by their cluster 
designation (CD) phenotypes(21). Generally CD38 related to risk 
of  diabetics associated with most cancers like, the breast, liver, 
pancreas, Colorectal, endometrium, kidney and urinary bladder(22).

Moreover, the underlying mechanisms for a higher risk of 
cancer in patients with diabetes may be concerned with the insulin 
resistance, poor glycemic control, oxidative stress and pro-inflam-
matory status(23). Studies on the intestinal cancer is very low but 
regarding to the same cancer, specially colorectal cancer, which 
was reported, the related risk factors are shared by diabetic type 
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2 mellitus, and the targeted organ damage may be confounders in 
epidemiological studies(24). Obesity is a major risk factor for diabetic 
type 2 mellitus, cancer and diabetic kidney disease (DKD)(10). In 
this study, we can consider two parameters including: A) is there a 
relationship between diabetics and CD38 gene? B) Is there a rela-
tionship between CD38 and intestinal cancer? However, studies by 
researchers confirmed association between diabetics and intestinal 
cancers; however, we focus on both the diabetic and intestinal cancer 
in a case what would happen about it.

METHODS

Sample preparation
The samples were provided from 200 people including 100 

control cases and 100 patients from the North of Iran. (TABLE 1). 

The patients with at least three criteria were acquired for lab meas-
urement including the subjects:obesity, fasting blood glucose, the 
level of  LDL (low-density lipoprotein) and HDL (high-density 
lipoprotein). The thesis code is 15930503952005.

Extraction of genomic DNA and doing PCR
Genomic DNA of 200 samples above were isolated from 100 

CC of blood with extracted ones using a standard kit GENET Bio. 
In order to make sure ourselves that DNA has the high quality, 
extracted DNA was placed on 1.5% Agarose gel. The concentration 
of DNA genomic was calculated, and it is ready for doing PCR(25). 

Three ARMS-PCR Process
One pair of primer forward and one primer of reverse were de-

signed on the partial fragment of CD38 gene based on rs: 6449181;
Forward1: GGCCCATCAGTTCACACAGGTCCAGC
Forward2: GGCCCATCAGTTCACACAGGTCCAGt
Reverse: AAATGCCAGCTCCCCTTCCCC
Note: Primers after designing were alignment with NCBI Net-

work system (BLAST) and confirmed accuracy current primers 
with CD38 gene based rs6449181.

According to above primers, PCR program and its reaction 
were applied for getting sharp band on the gel electrophoresis as 
TABLE 2. PCR cycle condition is summarized in TABLE 3. PCR 
products were running on 1.5 percent gel electrophoresis to deter-
mine the quantity and quality of PCR products. 

Sequencing and Sequence Analysis of Fragment of CD38 
Gene

For accuracy of amplification of CD38 gene, it was sequenced 
and analyzed by Bioedit software version of 5.0.

Statistical analysis
Data were analyzed by SPSS software (version 20) using one-

way analysis of variance. The Tukey post hoc test was used at the 
significant level of P<0.05.

RESULTS

Hormonal analysis
TABLE 4 revealed that hormonal and biochemical analysis 

can be considered as the means ±SD, and Tuckey’s post hoc test. 
One-way ANOVA calculated the correlation between clinical 
characterizations and four groups (control, diabetics, cancer 
and cancer& diabetics). Due to the comparison between control, 

TABLE 1. Characteristics of patients and healthy controls. 

Sample Number Age (mean)
Gender

Male Female

Patient 100 55 68 32

Normal 100 50 53 47

TABLE 2. PCR program and its reaction for getting sharp band on the 
gel electrophoresis.

Component Volume

Template DNA (100 ng/μL) 4.0 μL

Forward primer (10 pmol/μL) 0.5 μL

Reverse primer (10 pmol/μL) 0.5 μL

dNTP mix (2.5 mM each) 1.0 μL

10X buffer 2.5 μL

MgCl
2

2.5 μL

Taq enzyme (3 U/μL) 0.5 μL

Water 13.5 μL

Total reaction volume 25.0 μL

TABLE 3. PCR cycle condition.

Temperature 94°C 95°C 61.5°C 72°C 72°C

Time 5 min 30 sec 40 sec 30 sec 10 min

Cycles 40 cycle

TABLE 4. Mean value of anthropometric, metabolic program and heritability of control, diabetics, cancer-diabetic population.

Source Normal  
(n=50)

Diabetic  
(n=25)

Cancer  
(n=25)

Cancer-diabetic  
(n=25)

Statistical 
significance

Age (years) 25–80 25–80 25–80 25–80 0.076NS

Body mass index 26.23±3.32
31.56±2.32
30.50±2.80
31.50±2.82

P<0.05

Fasting insulin (µUI/mL) 10.88±2.43 14.65±2.34 14.61±2.20 15.61±2.30 P<0.001
Fasting blood glucose (mg/dL) 92.32±6.55 178.32±9.80 170.45±10.30 171.42±10.30 P<0.001
Heritability Non 55% 57% 57% 0.092NS

HDL-C (mg/dL) 60.65±8.1 54.34±5.45 52.55±4.50 52.34±4.50 P<0.001
LDL-C (mg/dL) 100.65±10.1 165.34±10.45 166.50±1.06 166.30±1.06 NS

HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; NS: not significant.
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diabetics, cancer and the cancer with diabetes, it shows the high 
BMI, HDL cholesterol, fasting insulin and fasting blood glucose 
with significant index, along with the lower LDL cholesterol with 
insignificant index.

Clinical records of  the control and patient groups including 
gender, heritability and history hyperglycaemia is shown in TABLE 
5. By right of, nine samples were randomly selected to study the 
clinical records. The results show that the most cases have had the 
history of the inheritance diseases in family along with the history 
of diabetics and intestinal cancer diseases in family. FIGURE 1 
shows that the status of  distribution of  the intestinal cancer in 
cases. Because of it, the range of incidence was 40 to 80 years old, 
and threshold of incidence was 70–80 years old. 

TABLE 5. Clinical records of the control and patient groups including 
gender, heritability and history hyperglycaemia in patients is shown.

Sex

The history 
of inheritance 

diseases in 
family

The history of 
diabetics and 

intestinal cancer 
diseases in family

Hyper 
glycemic

Male No Yes Yes

Male Heart diseases No No

Male No Diabetics-cancer 
(his sister) Yes

Female Diabetic-Hepatic Diabetics 
(her brother) Yes

Female No No Yes

Male No No No

Female No No Yes

Female No Diabetics-cancer  
(her brother) No

Female No Cancer only  
(her brother and sister) Yes

FIGURE 2 shows that PCR product of CD38 gene is amplified 
by normal primer. The results show a 420bp fragment is related 
with the amplified rs6449181 of CD38 gene. 

FIGURE 2. PCR product of rs6449181 of CD38 gene in normal group 
when used normal primer (F1) (lane 1, 2 and 3 and Ladder). The size of 
PCR product is sharp showing 420bp.

FIGURE 3. PCR product of rs6449181 of CD38 gene in cases group 
when used normal primer (F2) (lane 1, 3 and 4 is mutant and line of 2 is 
control group). The size of PCR product is sharp that was 420bp.

FIGURE 1. The distribution of the intestinal cancer related to the age 
showed that the most of cases belong to the range of 70–80 year old people. 

FIGURE 3 shows that PCR product of CD38 gene is amplified 
by mutant primer (lane 1, 3 and 4). Lane 2 is the control group, 
that is, the group without using primers of CD38 gene. The results 
show a sharp band in 420bp length is related with rs6449181. The 
results show a 420bp fragment related to rs6449181 of the ampli-
fied CD38 gene.
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FIGURE 4 shows the alignment of the partial CD38 gene and 
CD38 gene in GenBank for verifying the results of three, amplifica-
tion. The results show that both sequences have high homology, 
and they verified our PCR amplification. TABLE 6 shows the al-
lelic and genotypic frequencies of CC, CT, and TT nucleotides of 
rs6449181: in CD38 gene in normal and cases group respectively. 
The frequencies of allelic and genotypic by Hardy-Weinberg equi-
librium is insignificant between them (P value>0.05). 

DISCUSSION

Today, various studies have shown that there is a link between 
diabetes and cancers in the gastrointestinal tract. Mellitus dia-
betes may increase the risk of  many cancers, including breast, 
liver, pancreatic, colon, endometrium, kidney, and lymph and 
bladder cancer(26,27).

In addition, most cancers are often related to diabetes and 
cancers. Insulin resistance reduced fat control, oxidative stress, 
and changes in the immune system. One of the most important 
gastrointestinal cancers is the gastric cancer, which is associated 
with age in men and most people(28,29).

Obesity, smoking, salt intake, and infection with helicobacter 
pylori and risk factors associated with gastrointestinal cancers. 
In addition, gastrointestinal cancers, especially gastric cancer, 
are abundant in developing countries such as the Middle East, 
South America. While it is low in North America and some parts 
of  Africa(30,31). 

The aim of this study is to evaluate the relationship between 
diabetes and one of the digestive cancers, such as intestinal cancer, 
based on the part of the CD38 gene in Iran.

The results of FIGURES 2, 3 and 4 shows that there is a rela-
tionship between mutations in rs: 6449181 of the CD38 gene with 
intestinal cancer by help of the ARMS-PCR technique.

In this study, 100 controls and 100 patients were used. The 
patient group was divided into three groups: first, diabetes, second, 
cancer and third, diabetic intestinal cancer. 

Our results in both groups showed that mutation is in position 
rs: 6449181 of CD38 gene. Moreover, our results were evaluated 
with the results of Chin and Farn, 2014 between the diabetic and 
gastric cancer population. The population related to the age increas-
ing with gastric cancer, most of the ones who were over the age of 
30 and suffering from type 1 diabetes(32). 

In addition, in Asian countries with type 2 diabetes, gastroin-
testinal cancers were examined, and then significant relationships 
were observed. Furthermore, Chin and Farn, 2014 were compared 
with control group from 17 cases including 6 patients and 11 
healthy people with gastric cancer disease and diabetes. In this 
study, only the number of  people who died has been investigated 
and there is a significant relationship. There was also a significant 
relationship between the prevalence of  diabetes and gastrointesti-
nal cancers with sex, age, obesity, smoking, salt intake, and infec-
tion with H.pylori(32). These factors vary among different popu-
lations. In generally CD38 is a multi-functional transmembrane 
protein that was originally identified as a cell surface receptor and 
marker of lymphocyte differentiation and maturity. CD38 is also a 
major cellular NADase that can catalyze the synthesis of  a series 

TABLE 6. The allelic and genotypic frequencies of CC, CT, and TT nucleotides of rs:6449181 of CD38 gene in normal and patient samples, respec-
tively. The results showed hardy Weinberg equilibrium that insignificantly between genotypic and allelic of rs:6449181.

rs:6449181 Genotype N 
(n=200)

Frequency 
(%)

Expected genotype 
frequency under  

HWE
Allele Allele frequency 

(%)
HWE 

(P-value)

Normal

CC 10 9.5 9.10 C 66.1 0.24*

CT 48 50 50.00 T 33.9

TT 22 40.5 41.31

Cases 

CC 44 17 16.21 C 31.67 0.21*

CT 28 30 27.23 T 68.23

TT 8 53 54.23

HWE: Halfway wicket value. *Non-significant variation.

FIGURE 4. Results of BLAST analysis shows the relationship between 
partial CD38 gene (query) and CD38 gene in GenBank(Sbjct). According 
to our result between both sequences, the high homology is shown in the 
table, and it confirmed PCR product. TABLE 6. The allelic and genotypic 
frequencies of CC, CT, and TT nucleotides of rs:6449181 of CD38 gene 
in normal and patient samples, respectively.
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of second messengers, including cyclic ADPribose (cADPR) and 
nicotinic acid adenine dinucleotide phosphate (NAADP)(33). At 
least three CD38 SNPs have been reported previously, and they 
were used to perform genotype-phenotype correlation studies. 
Abramenko et al., 2012 reported that rs6449182, a common SNP 
in intron 1 which was not included in their amplicons for that 
intron; a relatively uncommon nonsynonymous SNP, rs1800561, 
in exon 3 that results in an Arg140Trp change in encoded amino 
acid that they did not observe in their samples. rs1130169 of CD38 
gene revealed that significantly associated with basal mRNA ex-
pression(34). Although our studies are not similar, rs6449181 used 
here for the association between diabetic and intestinal cancer. 
However, we could find a relationship between them. In fact, 
there is a significant level of  relationship between diabetic and 
intestinal cancer. TABLE 4 shows the regarding family inherit-
ance. Most of  the patients, who were studied, had a history of 
diabetes or heart disease. That is, there is a relationship between 
heart disease and diabetes in the present study. In addition, Scirica 
et al. 2013 reported that there is a relationship between a diabetes 
risk and the cardiovascular diseases. In fact, they suggested that 
there is a relationship between type 2 diabetes with the reduced 
incidence of  two major aneurismal diseases, abdominal aortic 
aneurysm and subarachnoid hemorrhage(35). Moreover, there are 
some relationships between increasing of blood glucose levels and 
heart disease. In addition, high blood glucose and high cholesterol 
have been observed in 90% of  the heart patients. TABLE 5 shows 
patients’ clinical parameters such as weight, fasting insulin, HDL 
and LDL cholesterol in normal and cases group. As we follow the 
diabetes and diabetic cancer, the level of  blood glucoses, fasting 
insulin and LDL was higher than normal group. That is, the meta 
genomic can be cause of  diseases. Moreover, sexicity is important 
for studies in current research. Most of  population was women 
that apparently sexicity is engaged to relation between diabetics 
and cardiovascular diseases. However, aging is important for 
incidence of  both diabetes and cancer. Beside there are some 
relationships between high Body mass index and risk of  CRC. 
The prior report suggests that becoming overweight/ obese in 
early adulthood might affect the incidence of  CRC and that body 
weight gain over the adult lifespan is associated with a slightly 
elevated CRC risk. These findings offer a significant strategy to 
aid the primary prevention of  CRC in subjects with a high BMI 
starting at early adulthood(36).

The current research shows that most of them are about 40, 
and the threshold of the incidence belong to the patients who are 
70–80 years. Meta-analysis also shows the relative risks for pa-
tients with the coronary heart disease is 2·63 for women and 1·85 
for men who have diabetes. Sex difference in relation with type 2 
diabetes, with outcomes other than coronary heart disease, has less 
been reported with conflicting results for stroke. The participants 
who are younger than 60-year-old people are, we noted the weak 
evidence of a slightly stronger association of type 2 diabetes with 
myocardial infarction. The women, in comparison with men, are 
more consistent with previous reports. However, we saw no other 
sex differences in associations between type 2 diabetes and cardio-
vascular outcomes. 

TABLE 6 shows the frequency of allele and genotype and the 

frequency of heterozygosity in normal and case group, it is higher 
than homozygosity alleles, which increased the risk of incidence 
in healthy populations. Hardy Weinberg equilibrium was also 
investigated, and he could be no significant effect between the 
frequency of the allele and the number of subjects studied. Ap-
parently, the use of  larger populations could cause a change in 
this situation, since most researchers from large populations have 
more than 200 samples and have a meaningful effect; however, 
this parameter cannot be 100% verified. Larsson found that there 
was an increased risk of small intestine cancers (2.1 to 3.1 times) 
among diabetic patients who suffered from obesity for 4 years or 
more. The relationship between the incidence of obesity and the 
increased risk of cancer indicated the long-term effect of insulin 
on the risk of developing cancer(37).

The risk of developing intestine cancers increased with the dura-
tion of obesity and type 2 diabetes. Stattin et al., 2004, also found 
that the age will could have a significant role in the development 
of cancer and its relation with diabetes. In this regard, people aged 
50 to 60 years were about 21.8% more likely than others to have 
cancer and diabetes were(38). The impact of sex is also important 
in the development of cancer and diabetes, some cancers are more 
common in women, such as breast, uterine, and in men, prostate 
cancer, while men are more susceptible to diabetes than women(39). 
Finally, we can conclude that CD38 gene has a relationship with 
type 2 diabetics that associated with intestinal cancer. Our aim in 
this sturvey is to study the situation of association between diabetic 
and cancer based CD38 gene. The functional this gene is autoim-
mune which is related with several human cancers. In the present 
study, we analyze and observe the significant effect of mutation on 
the part of  the CD38 gene, which is rs:6449181, and besides it’s 
associated with cancer and diabetes.

The subjects were often over 40 years old and were collected 
from the Mazandaran Province. ARMS-PCR results indicate 
the evaluated mutation for both patients and healthy subjects. 
FIGURE 4 shows that sequences of  partial fragment of  CD38 
gene while alignment is with BLAST program. However, that is 
not position of rs: 6449181, it is confirmed both the partial CD38 
gene and PCR amplification. Finally, we concluded that there is a 
relationship between intestinal cancer and diabetic syndrome based 
on rs: 6449181 of CD38 gene. Moreover, our result showed that the 
rate of incidence in heterozygote allelic is more than homozygote 
population. Hence, we should study more population in Iran.
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RESUMO – Contexto – O câncer intestinal ocorre frequentemente em pacientes diabéticos tipo 2. O conceito que aumento dos níveis de insulina e fator de 

crescimento semelhante à insulina no sangue com diabetes tipo 2 sejam estimulados com o crescimento e esgotamento das paredes celulares clonadas, 
e a continuação desse processo levaria à deformação celular. Esta é a evidência para câncer intestinal em diabetes tipo 2 na população. Objetivo – 
Neste estudo, buscou-se descobrir a relação entre diabéticos e câncer intestinal com base na mutação genética CD38. Métodos – Foram coletadas 
amostras de duzentos habitantes, incluindo os normais e os casos. Produtos PCR relacionados ao rs 6449181do gene CD38 foi amplificado com a 
técnica ARMS-PCR, e uma banda afiada de 420 bp também foi observada. De acordo com três técnicas ARMS-PCR, três primers foram projetados 
pelo software Oligo7. Os primers incluem F1, F2 e R (amplificando para primer normal, mutante e reverso, respectivamente). Resultados – Esta banda 
foi observada usando um primer F1 que carrega o nucleotídeo do tipo selvagem usando um primer e quando é usado com o primer F2, ele traz o 
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