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Abstract. Given the recent findings on the importance of CD38 signaling in the pathogenesis of colon cancer. We

hypothesized that single nucleotide polymorphisms (SNP) in the CD38 gene may be related to colon cancer risk.
CD38 has a genetic polymorphism, characterized by a C>G variation in the regulatory region of intron 1. The working
hypothesis is that the presence of different alleles in colon cancer patients accounts for some of the clinical heterogeneity.
CD38 is considered a marker of prognosis and as an indicator the activation and proliferation of cells. We hypothesized
that single nucleotide polymorphisms (SNP) in the CD38 gene may be related to colon cancer risk. We evaluated one
potentially functional CD38 SNP, intronic rs6449182 in two cases patients and controls. Genotyping was done using
PCR-based assays in a total of 93 patients with colon cancer and 100 controls. We found that frequencies of variant allele
(rs6449182 G) were significantly higher in colon cancer. Logistic regression analysis revealed an association between
colon cancer and genotypes: rs6449182 CC [odds ratio (OR), 0.57; 95% confidence interval (95% CI), 0.32 – 1.01], rs6449182
CG (OR, 1.47; 95% CI, 0.83 – 2.60), and rs6449182 GG (OR, 2.26; 95% CI, 0.66 – 7.77). We observed that rs6449182 G carriers
had more advanced clinical stage (P = 0.04). In conclusion, our data show that CD38 SNP may affect CD38 expression and
contribute to the increased risk of colon cancer carcinogenesis.

Keywords: CD38 gene; pathogenesis; genetic polymorphism; colon cancer; SNP; CD38 expression; carcinogenesis.
Introduction
Colorectal cancer (CRC) remains one of the most
widespread malignancies in the world. According
to the last global oncoepidemiological analysis1, 2, 3,
although, it has been estimated that worldwide there are
1.2 million new cases a year. Globally, CRC is the fourth
most common cause of cancer related deaths in men and
third in women, killing an estimated 320,600 men and
288,100 women annually3. The conventional prognostic
factors for patient survival are histologic tumor grade
(differentiation) and tumor stage (TNM, tumors/nodes/
metastases, stages I–IV) 4, 5. CRC is less common in
people under the age of 50 years, with the median age
at diagnosis being 70 6. Mutations in several different
genes seem to be needed to cause CRC. Human CD38
is a 45 kDa single-chain transmembrane glycoprotein
with a short amino-terminal cytoplasmic tail, a single
membrane-spanning region, and a long extracellular
carboxy-terminal domain, the carboxyl-terminal of the
molecule harbors the catalytic site (CD38 is defined as
an ecto-enzyme) and the binding site for CD31, the nonsubstrate CD38 ligand7. The molecule may also exist
in a soluble form present in biologic fluids in normal,
paraphysiologic, and pathologic conditions8. The
gene that encodes human CD38 has been mapped to
chromosome 4 by means of somatic cell genetics9. More
recently, the sub-chromosomal localization of the human
CD38 gene (4pl5) has been achieved in the course of studies
aimed at the genetic analysis of the molecule10. Human
CD38 gene encodes a transmembrane glycoprotein,
which is considered a marker of lymphocyte activation
and possesses enzymatic activity against ADP-ribose11.
Recent studies demonstrated that B-CLL patients can be

subdivided into two groups depending on the presence
or absence of CD38 on malignant cells12. In studies of
the association between CD38 and colon cancer, we
analyzed 1 single nucleotide polymorphisms (SNP).
SNP is a single nucleotide variation in genomic DNA
rare allele frequency of at least 1% 13. SNP rs6449182
located at the 5'-end of the first intron and can affect the
expression of CD38 gene. rs6449182, that leads to the
presence or absence of a PvuII restriction site. The SNP
is located within a putative E-box, a region of binding
of the E proteins with a consequent regulation of gene
transcription. In the B cell compartment a relevant role
is played by E2A that controls the expression of several
B lineage genes. E2A was demonstrated to bind to the
E-box of the CD38 gene, regulating its expression, and
the binding of the protein is influenced by the CD38
genotype, with the G allele resulting in a stronger
binding of E2A 14. It is shown that the SNP rs6449182 GG
genotype increased the risk of developing cell chronic
leukemia15. However, we analyzed CD38 gene SNP for
estimate the genetic contributions to complex diseases,
such as colon cancer.

Materials and Methods
Patient Material and Normal Controls
The study included 100 samples of peripheral blood of
healthy donors, 93 peripheral blood samples of patients
with colon cancer from Nizhny Novgorod. Among the
patients with CRC, there were 52 (56%) males and 41
(44%) females with a median age of 62 years (range, 4284). The stage distribution for colon cancer is similar for
both sexes.
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CD38 genotyping

Results and Discussion

Genomic DNA used for CD38 genotyping was isolated
from peripheral blood samples in 93 patients and 100
controls. DNA was isolated by phenol-chloroform
extraction. SNP rs6449182 gene CD38 was detected
by allele-specific PCR. For each sample, two separate
PCR reactions were carried out by using the primers F
5′- CCGCCGGGTGGTGCTGAGTA-3′ (forward), RC
5′-ACGCTCGGTGCCAAGGCCAG-3′ (reverse) and
RG 5′-ACGCTCGGTGCCAAGGCCAC-3′ (reverse).
Amplification conditions were: denaturation at 94 °C
for 3 min, followed by 45 cycles of 94 °C for 30sec, 72 °C
for 29 sec, and 72 °C for 1 sec, followed by an extension
step of 72 °C for 5 min on an Authorized Thermal
Cycler. In all patients, genomic DNA was isolated
from peripheral blood at the time of diagnosis. SNPs
included in this investigation were chosen based on
the literature review and their potential functionality.
At the time of the study designing the literature search
did not reveal any links between CD38 SNPs and colon
cancer. The SNP rs6449182 is located at the 5′-end of
intron 1 in the proximity of the CpG island and retinoid
acid–responsive element, and thus in the region
potentially involved in the regulation of CD38 gene
expression16. The rs6449182 genotypes were detected
following electrophoresis in a 1.5% and identified as
rs6449182 CC or GG homozygous or CG heterozygous
in case of the presence of a product in respective tube or
as rs6449182 CG heterozygous if products were shown
in both tubes.

Our studies shows that men tend to develop colon cancer
at an earlier age than women with a percentage of 52%
men and 41% women (figure. 1), As with most cancers, the
risk of colorectal cancer increases with age. Before 40 years,
colorectal cancers are very rare. The risk starts to increase
from 50 years to 80 years. According to Canadian Cancer
Society in 201019, the incidence of CRC increases with age
and is higher in men than in women. Compared to the
US, and Canada there is a convergent percentage of CRCs
diagnosed, data using the same classification as used in
the US and Canada (23.2%, 19.7% vs. 20%) 20 (figure. 2).
Healthy donors living in the Nizhny Novgorod region
had the following distribution of allelic variants of SNPs
rs6449182: CC 0.580, 0.380 CG, and GG 0.040. Investigation
frequency of allelic variants of SNP rs6449182 in patients
with colon cancer, showed the following distribution:
0.441 CC, CG 0.473, GG 0.86. We are conducting a study
of samples of healthy donors and cancer patients on
the deviation from Hardy-Weinberg equilibrium. Both
samples showed compliance with Hardy-Weinberg
equilibrium. No differences in the incidence of genotypic
variants of SNPs rs6449182 cancer patients and healthy
individuals have been identified. However, it was found
that the G allele in patients with colon cancer occurs
significantly more likely than healthy donors (χ2 = 4.44, p =
0.04).In our study, regarding rs6449182 SNP, we observed
an association between colon cancer and heterozygous
CG genotype with an OR of 1.47 (95% CI, 0.83 – 2.60).
Interestingly, the colon cancer risk was further elevated
with rs6449182 GG homozygous genotype (OR, 2.26; 95%
CI, 0.66 – 7.77), suggesting an allele-dose effect. Given the
recent findings on the importance of CD38, it is conceivable
that polymorphisms of the molecules involved in the
CD38 signaling pathway might serve as determinants
of colon cancer predisposition. In this investigation, we
found that the associations between colon cancer risk and
CD38 SNPrs6449182. According to our results the gene
frequencies in the healthy population are 0, 77 and 0, 23 for
the C and G allele respectively (CC 58%, GC 38% and GG

Statistical analysis
Accordance with the Hardy-Weinberg equilibrium
within each case and control group was analyzed by
χ2 test. For all calculations, P < 0.05 was considered
significant. The practical application of this research
is related development of methods for predicting the
course of disease. Undoubted progress in this direction
has been made in the field of onco-hematology 17, 18.

Figure 1. Patient's distribution by age and sex
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4%), these results are comparable with data derived from
larger series from Spain (CC 53%, GC 40% and GG 7%)
with frequencies of C 0,73 and G 0,23 21,Ireland (CC 64%,
GC 30% and GG 6%) with frequencies of C 0,79 and G 0,21
22 or Italy(CC 62%, GC 34% and GG 4%) with frequencies
of C 0,79 and G 0,21 23. The results obtained show that the
G allele of the gene CD38 rs6449182 SNP is likely linked to
colon cancer. Our data are consistent with the literature,
which shows the role of GG genotype in the risk of chronic
leukemia. However, the results should be interpreted
with caution. The analysis of this polymorphism in a
large cohort of Chronic lymphocytic leukemia (CLL)
patients indicate that the G allele is significantly associated
with molecular markers of unfavorable prognosis and
represents a significant risk factor for RS transformation
because the gene frequencies in the healthy population
are 0, 78 and 0, 22 for the C and G allele respectively (CC
61%, GC 33% and GG 6%) 23. The correlation between
this polymorphism and genetic susceptibility has been
studied also for other diseases, including Systemic Lupus
Erythematosus (SLE), where the CC genotype causes
susceptibility and the CG genotype confers protection for
discoid rash development24. One of these tools is CD38, a
reliable and independent negative prognostic marker25,
which is also involved in the delivery of growth and
survival signals to the neoplastic cells26. In this context,
the analysis of CD38 polymorphism in CRC patients
may offer insights into the regulation of the molecule’s
expression, and it may provide clinicians with a novel
diagnostic/prognostic marker.

Conclusions
The biological mechanisms underlying these associations
are unknown. Interestingly, we found that CD38 gene
and protein expression are elevated in colon cancer cells
from carriers of rs6449182 G. The marked heterogeneity
observed in that study could now be attributed to the
quantitative presence or absence of the G allele. A reading
of these results from a clinical standpoint these results
suggest that the G allele may represent an independent
risk factor for CRC development with potential relevance
as a prognostic tool. This is in line with growing evidence
of the involvement of CD38 signaling in colon cancer
pathogenesis. It was shown that signals through CD38
receptors induce proliferation and increase survival of
colon cancer cells27.The rs6449182 polymorphisms is noncoding, although its localization in the regulatory region
at the 5′-end of intron 1 in proximity to the CpG island
and retinoid acid–responsive element may potentially
affect gene expression28. Furthermore, it is not unlikely
that association between colon cancer and CD38 SNP
may be modified by well-known functional SNP27. The
major strengths of our investigation are the design, which
has enabled the results to be confirmed in a validation
study, and functional findings that are in line with the
observed disease associations. However, some limitations
of the study should also be mentioned. It should also be
underlined that we applied the candidate gene approach,
and focused on SNP with functional effects as suggested

Figure 2. Stage distribution of Colon Cancer Cases from Nizhny
Novgorod

by previous reports. Therefore, we cannot rule out the
possibility that CD38 SNP other than those included in our
study may be related to colon cancer risk. In conclusion,
in this study, we found some evidence that CD38 SNP
rs6449182 affects CD38 expression in colon cancer cells
and contributes to colon cancer predisposition.
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