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Abstract 

Background: Multiple single-nucleotide polymorphisms (SNPs) located in the intergenic region between estrogen receptor 1 and 
CCDC170 (especially at rs3757318) are thought to be associated with breast cancer risk. additionally, the serum level of vitamin D is 
believed to be linked to different aspects of breast carcinogenesis. Objectives: To assess the potential association between rs3757318 
SNP and breast cancer pathogenicity, specifically in relation to serum vitamin D levels. Materials and Methods: For addressing this 
issue, 100 subjects were enrolled in this work, including 50 female patients diagnosed with breast cancer recruited from the Oncology 
Hospital, Baghdad, Iraq and 50 apparently healthy women with no malignancies as a control group. The serums level of vitamin D 
was measured for breast cancer patients and healthy controls groups, whereas, CCDC170 rs3757318 SNP genotypes were assessed 
using TaqMan SNP genotyping and utilizing genomic DNA extracted from the participants. Results: Vitamin D levels were shown 
to be significantly reduced (P < 0.001) in breast cancer patients than that of the healthy controls (6.604 vs. 22.268, respectively). In 
respect to the CCDC170 gene rs3757318 SNP genotypes frequency, the mutant genotype (AA) was only identified in the investigated 
breast cancer patients (O.R. (C.I.) = 1.69 (0.86–2.07)) and this seems to confer the increased risk of breast cancer susceptibility. 
Conclusion: Overall, the findings of the present study suggest an association between the reduced vitamin D levels and CCDC170 gene 
rs3757318 SNP genotypes frequency in breast carcinogenesis. 
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Introduction
Researchers are still investigating why the breast is 
the most affected organ with cancer in women’s body. 
Efforts have focused on understanding the underlying 
biological alterations in attempt to solve this puzzle.[1-3] 
At the molecular level, cancer is believed to be a very 
heterogeneous disease.[4,5] However, several lines of 
evidence have highlighted that certain single nucleotide 
polymorphism (SNP, refers to mutations manifest upon a 
single nucleotide “A, T, C, or G” in the genome is altered) 
are associated with different aspects of  breast cancer 
pathogenicity. Taking into account their ubiquitous 
distribution throughout the human genome, SNPs are 
the most commonly studied molecular markers for 
their association with various aspects of  cancer biology. 
Depending on their genomic location, SNPs mapping 

to the coding regions of  the genome are potentially 
employed as molecular markers in genetic disease 
research. SNPs could have key biological influence on 
gene’s function as they can modify the encoded amino 
acids. In these cases, they have the potential to alter 
promoter accessibility, messenger RNA, and protein 
configuration (stability), and hence cause illness.[6] Gene 
expression abnormalities have recently been explored 
as being potential molecular predictors for malignancy 
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progression in breast cancer patients[7-11] as well as other 
malignant diseases.[12-14]

Although many SNPs do not affect cell biology, some 
can predispose individuals to particular diseases, impact 
their immunological response to drugs, which is why 
they are used as biomarkers for disease susceptibility.[15] 
Some of the reported SNPs have been linked to breast 
cancer vulnerability and treatment responses. Genome-
wide association (GWA) studies have been adapted as 
an approach for identifying genetic variants linked to 
cancer development. Since the first GWA study about 
breast cancer was reported in 2007,[16] several GWA 
studies have reported a number of SNPs associated with 
breast cancer pathogenicity. Of these, rs3757318 that is, 
located at 6q25.1, in proximity to the estrogen receptor 1 
gene (ESR1), and maps ~200 kb upstream in an intron of 
coiled-coil domain containing 170 (CCDC170). CCDC170 
has been linked to estrogen resistance which increases the 
risk of breast cancer development.[17-19] Also a number of 
GWA studies have engaged the genomic region located 
around this gene in regulating bones’ mineral content.[20] 
Although there were many statistical evidences, including 
some meta-analysis studies,[21] that mutated rs3757318 
confer breast cancer risk, however, conflicting findings 
have emerged in respect to the rs3757318 involvement in 
breast cancer susceptibility, especially among the different 
studied ethnic groups.[21] Locally, in Iraq, where breast 
cancer accounts for the most common women-affecting 
malignancy,[22] yet no previous study has investigated 
rs3757318 association with this disease.

On the other hand, other factors, such as vitamin D level, 
affect the breast cellular microenvironment and have the 
potential to modulate the immune system activity.[23,24] 
Vitamin D deficiency appears to be attendant with 
multiple types of cancer, including thyroid cancer,[25] 
colorectal,[26] and breast cancer.[27,28] Plethora of evidence 
have revealed an inverse relation between vitamin D levels 
and cancer mortality,[29,30] whereas others have considered 
its level as a potential cancer risk factor.[31,32] Additionally, 
in vitro and in vivo preclinical studies have demonstrated 
significant impact of vitamin D in modulating key 
breast cancer associated-cellular processes including 
proliferation, apoptosis, autophagy and the epithelial 
mesenchymal transition.[33,34] Interestingly, the metabolism 
of cancer stem cells, that represents the root of cancer 
initiation and progression, seems to be profoundly 
affected by vitamin treatment.[35] Additionally, several 
epidemiological studies have demonstrated an association 
between low levels of vitamin D and the increased risk of 
breast cancer development.[36] However, studies have often 
conflicting discourses emerged largely failed to confirm 
the association between SNPs in genes related with lower 
serum vitamin D levels and breast cancer risk.[34,37] All 
the above mentioned evidences that are supporting the 
involvement of rs3757318 and vitamin D in breast cancer 

pathogenicity constitute the rationale behind conducting 
this study due to the scarcity of studies addressed the 
association of these potential biomarkers (rs3757318 and 
vitamin D) with Iraqi breast cancer patients.

Materials and Methods

Subjects
Peripheral blood samples were taken from 50 women 
diagnosed with breast cancer (mean age 47.64 years 
range 43–69 years) and 50 age-matched women with 
no malignancies who designated as apparently healthy 
controls. The inclusion criteria that have been followed 
for recruiting cases in this study were involving female 
patients newly diagnosed with stages I-III breast primary 
tumors aged 30–70 years. On the other hand, control 
individuals involved women who were apparently healthy 
with almost similar age range mentioned above. However, 
female patients with breast secondary cancers and those 
out of the age range mentioned above as well as males 
were excluded. Breast cancer patients were recruited from 
the Oncology Hospital, Baghdad, Iraq and the patients’ 
clinical data were obtained from the hospital records 
including age, family history, and tumor stage. All breast 
cancer patients in this study were selected on the basis 
of clinical and laboratory examination and diagnosed by 
specialist doctors in Oncology hospital.

Vitamin D total assay (cobas e411)
Vitamin D serum levels were measured utilizing vitamin 
D total assay (Roche Diagnostics GmbH, Mannheim, 
Germany) employing vitamin D binding protein (VDBP) 
to capture both 25-hydroxyvitamin D3 and D2. This assay 
is intentional for the quantitation of total vitamin D (25-
OH) in human serum using cobas e411 automated system. 
According to the manufacturing protocol, serum samples 
were taken from the refrigerator and allowed to reach to 
room temperature for 30 min. A total of 500 μL of breast 
cancer patients’ serum were drawn using a micropipette, 
into the sample cobas e411 system well, also 500 μL of 
serum samples of control were drawn using a micropipette, 
into the sample cobas e411 well. Vitamin D levels were 
considered sufficient when 25-(OH)D concentration was 
≥30 ng/mL, insufficient when it was between 20 and 29 ng/
mL, and deficient when it was below 20 ng/mL.

DNA extraction and CCDC170 rs3757318 SNP 
polymorphisms using TaqMan SNP genotyping
Genomic DNA extraction from the whole fresh 
blood samples was directly performed using blood 
DNA extraction kit, Cat. 46300-Norgen®, Canada, 
according to the manufacturing protocol, whereas 
the sequence of CCDC170 rs3757318 was amplified 
using TaqMan fluorescent oligonucleotide forward: 
AAATGTGTTGTTTGGCAGAG, and reverse: 
TCTTGTTCTCAATGACTGCA primers. Primers were 
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designed using NCBI designing tool and lyophilized 
primer were manufactured by Macrogen® (Korea).

For this assay, DNA samples both for breast cancer 
patients and healthy controls were genotyped for the 
above mentioned SNP. The RT-PCR reaction mixture 
total volume was 25 µL composed of 12.5 µL of TaqMan 
master (PROBE), 0.5 µL of each fluorescence probes, 
0.5 µL from each forward and reverse primer (10 μM), 
5 µL of template DNA, and 5.5 µL nuclease-free water. 
RT-PCR amplification reaction was accomplished using 
a programmed thermocycler with one hold cycle of 95°C 
for 15 min, 45 cycles of 95°C for 5 s, 60°C for 20 s and 72°C 
for 15 s, followed by one cycle of 72°C for 5 min.

Ethical approval
This investigation was conducted in compliance with the 
ethical principles originated by the Helsinki Declaration 
of. All patients gave informed consent to participate in 
the study. The study protocol, the subject information 
and consent form were reviewed and approved by the 
Biomedical Research Ethics Committee of the National 
Cancer Research Center, University of Baghdad approved 
this study (Reference no. NCRCEC/01/002).

Statistical analysis
Data analysis was performed using IBM® SPSS® 
statistical software (Version 27.0; IBM SPSS, Armonk, 
New York). Spearman’s rank correlation was used to 
assess the correlation between the investigated parameters. 
Mann–Whitney U test was used to compare significance 
between means, whereas Chi-square test was used to 
compare the observed results of the variables in this study. 
All measures were obtained from three replicates and 
presented as a mean ± SD; P < 0.05 cut off was taking into 
account for significant differences.

Results
The study found that breast cancer patients had 
significantly lower levels of vitamin D compared to healthy 
controls (6.604 ± 2.523 vs. 22.268 ± 5.811, respectively). The 
mean level of vitamin D in the investigated breast cancer 
patients was reduced by 70.34% in comparison to healthy 
controls. Interestingly, the serum vitamin D levels were 
able to clearly distinguish between breast cancer patients 
and healthy controls [Figure 1].

As for the CCDC170 gene rs3757318 SNP genotypes 
frequency, the results showed that wild genotype (GG) 
was the predominant pattern in the healthy individuals, 
where 72% (36/50) showed to have the aforementioned 
genotype. However, none of the investigated breast cancer 
patients appeared to have the wild genotype (GG) for the 
assessed SNP [Figure 2].

This is a quite interesting finding as the genomic variance 
in this region could differentiate breast cancer patients 

from healthy counterparts. However, large scale studies 
are needed to validate such findings.

Additionally, the mutant genotype (AA) is only identified 
in the investigated set of breast cancer patients. In contrast, 

Figure 1: Comparison between the vitamin D levels (ng/mL) in blood 
samples of breast cancer patients and individuals with no malignancies 
(healthy controls). The boxplot elucidates that the vitamin D levels are 
significantly decreased (P < 0.001) in blood samples of the patients 
with breast cancer compared with the healthy controls. The P value is 
derived from Mann–Whitney test

Figure 2: Bar-chart depicting SNPs genotypes of CCDC170 gene 
rs3757318 among the studied breast cancer patients and non-malignant 
cases. The bar-chart shows that the wild type (GG) was the dominant 
pattern in the healthy individuals, whereas the mutant genotype (AA) 
is only detected in the breast cancer patients. On the other hand, the 
heterozygous genotype (GA) is more prevalent in the patients than non-
malignant cases
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the heterozygous genotype (GA) is more pronounced 
in the breast cancer patients than non-malignant cases. 
This is obvious where it frequency was approximately 
two folds higher in the breast cancer patients’ group than 
that of their healthy counterparts [Table 1]. Considering 
the odd ratio value of obtained results, mutant genotype 
(AA) seems to confer increased the risk of breast cancer 
susceptibility. While the heterozygous genotype (GA) 
indicates a protective effect [Table 1].

In respect to the relation between the assessed 
CCDC170 gene rs3757318 SNP and the investigated 
vitamin D levels, the present study results showed 
inverse significant correlation between vitamin D 
levels (ng/mL) and the SNP rs3757318 pattern “AA” 
of  CCDC170 gene (rho = -0.672, P < 0.001) of  the 
recruited breast cancer patients and individuals with no 
malignancies. Similarly, CCDC170 gene rs3757318 SNP 
“AA” seemed to be negatively correlated (rho = -0.573, 
P < 0.001) with the age of  the assessed participants 
but with lower correlation coefficient rate (rho = 
0.316) [Table 2]. Nevertheless, there was no significant 
correlation between the vitamin D levels identified in 
the breast cancer patient and progressing TNM stages 
histologically scored in their malignant breast tissues 
(rho = -0.1, P = 0.49).

Discussion
A number of SNPs which are associated with breast 
cancer risk have been reported by recent GWA studies. 
However, it is often uncertain how these SNPs are related 

to breast cancer. Analysis of associations between SNPs 
and phenotypic variations of key cellular components may 
be important in determining the potential mechanisms 
of action, including carcinogenesis. Thus, vitamin D 
deficiency has been proposed to be linked to a number of 
serious health issues including cancer. Our study results 
showed a significant reduction in the vitamin D serum 
of breast cancer patients in comparison to the healthy 
control group. The lower serum levels of vitamin D were 
able to discriminate between the two assessed groups. 
This quite interesting observation seems to be consistent 
with proposed involvement of vitamin D deficiency in 
different forms of autoimmune diseases related cancer.[32] 
Indeed, a recent finding of meta-analyses based on 
randomized controlled trials have confirmed a substantial 
drop in cancer-related mortality by almost 30,000 
cancer deaths per year in Germany owing to vitamin D 
supplementation.[38] Tumor invasiveness and tendency 
to metastasize are believed to be decreased in those with 
higher serum vitamin D levels at diagnosis, leading to 
reduced cancer mortality.[39]

In respect to the investigated CCDC170 gene rs3757318 
SNP, our study findings indicate that A allele of rs3757318 
correlates with breast cancer susceptibility, especially 
the homozygous genotype (AA) that occurs only in the 
breast cancer patients but not in the non-malignant cases. 
Although no pervious local study has addressed the 
association between CCDC170 gene rs3757318 SNP and 
breast carcinogenesis, yet, the results of the present study 
seem to be in line with that recently reported international 
studies that are linked rs3757318 SNP to breast 

Table 1: Genotype and allele frequency of at rs3757318 (G>A) SNP Polymorphisms gene in control and breast cancer groups

Genotype Group χ2 P-value OR (CI) 

Control (N = 50) Patients (N = 50) 
GG: Wild 36 (72.00%) 0 (0.00%) 10.027 0.0001** 1

GA: Hetero. 14 (28.00%) 26 (52.00%) 1.80 0.179NS 0.577 (0.29–1.33)

AA: Mutant 0 (0.00%) 24 (48.00%) 8.934 0.0025 ** 1.69 (0.86–2.07)

Alleles Frequencies

G 0.84 0.26 -

A 0.14 0.74 -
NS: non-significant
** P ≤ 0.01

Table 2: The correlation between Vitamin D levels (ng/mL) and both SNPs rs3757318 pattern “AA” of CCDC170 gene and the 
age the recruited breast cancer patients and individuals with no malignancies

SNPs of rs3757318 Vit. D level (ng/mL) 

Spearman’s rank correlations rho (ρ) Vit. D level (ng/mL) Correlation coefficient -0.672**

Sig. (2-tailed) <0.001
Age Correlation coefficient 0.316** -0.573**

Sig. (2-tailed) 0.001 <0.001
** Correlation is significant at the P ≤ 0.01 level (2-tailed)
Bold value indicates P ≤ 0.001
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cancer.[40,41] Recent evidences also showed that CCDC170 
affects breast cancer apoptosis through inositol-requiring 
enzyme 1 (IRE1) pathway suggesting a key role for SNP in 
the intergenic region between ESR1 and CCDC170 with 
breast cancer risk.[42]

Additionally, as CCDC170 rs3757318 SNP “AA” 
genotype was shown to be negatively correlated with age 
in breast cancer patients, this could be explore further 
for its potential utility in the predication of the disease 
occurrence at early ages. In the same vein, a number of 
genetic variations have been linked to different types of 
malignancies.[43-45]

Overall, these findings suggest the involvement of both 
CCDC170 gene rs3757318 and vitamin D in breast 
carcinogenesis. These potential biomarkers can be useful 
tools in breast cancer risk assessment and management; 
highlighting the need of large-scale studies to validate the 
findings of present investigation.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1.	 Hanker AB, Sudhan DR, Arteaga CL. Overcoming endocrine 

resistance in breast cancer. Cancer Cell 2020;37:496-513.
2.	 Ali CA, Lafta FM, Al Sayyid MM, Al-Rekabi A-ANG. BRCA1 

gene expression is down regulated in both familial and sporadic 
breast cancer cases in Baghdad-Iraq. Iraqi J Sci 2020;61:34-41.

3.	 Al-Alawchi M, Alkafaji H. Evaluation of immunohistochemical 
expression of topoisomerase II alpha protein in patients with 
breast cancer and its correlation with different prognostic factors. 
Med J Babylon 2022;19:210-8.

4.	 Sun X, Liu K, Lu S, He W, Du Z. Targeted therapy and 
immunotherapy for heterogeneous breast cancer. Cancers 
2022;14:5456.

5.	 Schwalbe EC, Lafta F, Barrow TM, Strathdee G. Integration of genome-
level data to allow identification of subtype-specific vulnerability genes 
as novel therapeutic targets. Oncogene 2021;40:5213-23.

6.	 Zhao Y, Wu D, Jiang D, Zhang X, Wu T, Cui J, et al. A sequential 
methodology for the rapid identification and characterization 
of breast cancer-associated functional SNPs. Nat Commun 
2020;11:3340.

7.	 Al‑Khafaji AS, Hade IM, Al‑Naqqash MA, Alnefaie GO. Potential 
effects of miR‑146 expression in relation to malondialdehyde as 
a biomarker for oxidative damage in patients with breast cancer. 
World Acad Sci J 2023;5:1-9.

8.	 Singh M, Patil BU, Ghongade P, Gupta A. The significance of 
heat shock protein 27 in breast cancer: A signature to predict the 
outcome. Med J Babylon 2023;20:451-6.

9.	 Adel C, Lafta FM, Al-Naqqash MA, Al-Rekabi A-ANG. Loss 
of the epigenetically inactivated-X-chromosome (Barr body) a 
potential biomarker for breast cancer development. Indian J Public 
Health 2019;10:2911.

10.	 Hasan AK, Babaei E, Al-Khafaji ASK. Hesperetin effect on 
MLH1 and MSH2 expression on breast cancer cells BT-549. J Adv 
Pharm Technol Res 2023;14:241-7.

11.	 Saleh NH, Al-Khafaji ASK, Babaei E. Study of hesperetin effect 
on modulating transcription levels of MLH1 and MSH2 genes 

in SKBR3 breast cancer cell line. J Adv Pharm Technol Res 
2023;14:338-44.

12.	 Al‑Khafaji AS, Pantazi P, Acha‑Sagredo A, Schache A, Risk JM, 
Shaw RJ, et al. Overexpression of HURP mRNA in head and neck 
carcinoma and association with in vitro response to vinorelbine. 
Oncol Lett 2020;19:2502-7.

13.	 Al-Khafaji AS, Davies M, Risk JM, Marcus MW, Koffa 
M, Gosney JR, et al. Aurora B expression modulates 
paclitaxel response in non-small cell lung cancer. Br J Cancer 
2017;116:592-9.

14.	 Al‑Khafaji AS, Marcus MW, Davies M, Risk JM, Shaw RJ, Field 
JK, et al. AURKA mRNA expression is an independent predictor 
of poor prognosis in patients with non-small cell lung cancer. 
Oncol Lett 2017;13:4463-8.

15.	 Wendt C, Margolin S. Identifying breast cancer susceptibility genes 
– A review of the genetic background in familial breast cancer. 
Acta Oncol 2019;58:135-46.

16.	 Easton DF, Pooley KA, Dunning AM, Pharoah PD, Thompson 
D, Ballinger DG, et al. Genome-wide association study identifies 
novel breast cancer susceptibility loci. Nature 2007;447:1087-93.

17.	 Yamamoto-Ibusuki M, Yamamoto Y, Fujiwara S, Sueta A, 
Yamamoto S, Hayashi M, et al. C6ORF97-ESR1 breast cancer 
susceptibility locus: influence on progression and survival in breast 
cancer patients. Eur J Human Genetics 2015;23:949-56.

18.	L i L, Lin L, Veeraraghavan J, Hu Y, Wang X, Lee S, et al. 
Therapeutic role of  recurrent ESR1-CCDC170 gene fusions 
in breast cancer endocrine resistance. Breast Cancer Res 
2020;22:1-15.

19.	 Kawada K, Taira N, Mizoo T, Suzuki Y, Kajiwara Y, Hatono M, 
et al. Relationships of physical and breast cancer phenotypes with 
three single-nucleotide polymorphisms (rs2046210, rs3757318, and 
rs3803662) associated with breast cancer risk in Japanese women. 
Breast Cancer 2021;28:478-87.

20.	 Yau MS, Kuipers AL, Price R, Nicolas A, Tajuddin SM, 
Handelman SK, et al. A meta‐analysis of the transferability of 
bone mineral density genetic loci associations from European to 
African ancestry populations. J Bone Miner Res 2021;36:469-79.

21.	 Hong Y, Chen XQ, Li JY, Liu C, Shen N, Zhu BB, et al. Current 
evidence on the association between rs3757318 of C6orf97 and 
breast cancer risk: A meta-analysis. Asian Pacific J Cancer Prevent 
2014;15:8051-5.

22.	 Al-Ganimi AKA, Abd Al-Salam AS. Incidence of breast cancer 
among blood groups of women in the holy Governorate of 
Karbala. Med J Babylon 2023;20:338-40.

23.	 Karkeni E, Morin SO, Bou Tayeh B, Goubard A, Josselin E, 
Castellano R, et al. Vitamin D controls tumor growth and CD8+ T 
cell infiltration in breast cancer. Front Immunol 2019;10:1307.

24.	 El-Sharkawy A, Malki A. Vitamin D signaling in inflammation 
and cancer: Molecular mechanisms and therapeutic implications. 
Molecules 2020;25:3219.

25.	 Zhao J, Wang H, Zhang Z, Zhou X, Yao J, Zhang R, et al. Vitamin 
D deficiency as a risk factor for thyroid cancer: A meta-analysis of 
case–control studies. Nutrition 2019;57:5-11.

26.	 Zhou X, Chen C, Zhong YN, Zhao F, Hao Z, Xu Y, et al. Effect 
and mechanism of vitamin D on the development of colorectal 
cancer based on intestinal flora disorder. J Gastroenterol Hepatol 
2020;35:1023-31.

27.	 Shamsi U, Khan S, Azam I, Habib Khan A, Maqbool A, Hanif M, 
et al. A multicenter case control study of association of vitamin D 
with breast cancer among women in Karachi, Pakistan. PLoS One 
2020;15:e0225402.

28.	 O’Brien KM, Harmon QE, Jackson CL, Diaz‐Santana MV, Taylor 
JA, Weinberg CR, et al. Vitamin D concentrations and breast 
cancer incidence among Black/African American and non‐Black 
Hispanic/Latina women. Cancer 2022;128:2463-73.

29.	 Vaughan-Shaw PG, Buijs LF, Blackmur JP, Theodoratou E, 
Zgaga L, Din FV, et al. The effect of vitamin D supplementation 
on survival in patients with colorectal cancer: Systematic review 
and meta-analysis of randomised controlled trials. Br J Cancer 
2020;123:1705-12.

D
ow

nloaded from
 http://journals.lw

w
.com

/m
jby by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
K

G
K

V
0Y

m
y+

78=
 on 12/29/2024



Hade, et al.: Association between single nucleotide polymorphisms rs3757318 and vitamin D deficiency in Iraqi breast cancer patients

         992� 992    Medical Journal of Babylon  ¦ Volume 21 ¦ Issue 4 ¦ October-December 2024

30.	 Neale RE, Baxter C, Romero BD, McLeod DS, English DR, 
Armstrong BK, et al. The D-Health Trial: A randomised 
controlled trial of the effect of vitamin D on mortality. Lancet 
Diab Endocrinol 2022;10:120-8.

31.	 McCullough ML, Zoltick ES, Weinstein SJ, Fedirko V, Wang M, 
Cook NR, et al. Circulating vitamin D and colorectal cancer risk: 
an international pooling project of 17 cohorts. J Natl Cancer Inst 
2019;111:158-69.

32.	 Carlberg C, Muñoz A. An update on vitamin D signaling and 
cancer. Semin Cancer Biol 2022;79:217-30.

33.	 Ferronato MJ, Serrano MN, Lahuerta EJA, Morales CB, Paolillo 
G, Aliguer AM-S, et al. Vitamin D analogues exhibit antineoplastic 
activity in breast cancer patient-derived xenograft cells. J Steroid 
Biochem Mol Biol 2021;208:105735.

34.	 Vanhevel J, Verlinden L, Doms S, Wildiers H, Verstuyf A. The role 
of vitamin D in breast cancer risk and progression. Endocr Relat 
Cancer 2022;29:R33-55.

35.	 Satheesh NJ, Samuel SM, Büsselberg D. Combination therapy 
with vitamin C could eradicate cancer stem cells. Biomolecules 
2020;10:79.

36.	 Voutsadakis IA. Vitamin D baseline levels at diagnosis of breast 
cancer: A systematic review and meta-analysis. Hematol Oncol 
Stem Cell Ther 2021;14:16-26.

37.	 Azmi H, Jouali F, Najih M, El Ansari F-Z, Faraji SA, Elmzibri M, 
et al. Vitamin D status and gene receptor polymorphisms related to 
breast cancer risks. Teikyo Med J 45:7435-42.

38.	 Niedermaier T, Gredner T, Kuznia S, Schöttker B, Mons U, Brenner 
H. Vitamin D supplementation to the older adult population in 

Germany has the cost‐saving potential of preventing almost 30 000 
cancer deaths per year. Mol Oncol 2021;15:1986-94.

39.	 Robsahm TE, Tretli S, Torjesen PA, Babigumira R, Schwartz 
GG. Serum 25-hydroxyvitamin D levels predict cancer survival: A 
prospective cohort with measurements prior to and at the time of 
cancer diagnosis. Clin Epidemiol 2019;11:695-705.

40.	L oo SK, Yates ME, Yang S, Oesterreich S, Lee AV, Wang 
XS. Fusion-associated carcinomas of the breast: Diagnostic, 
prognostic, and therapeutic significance. Genes Chromosomes 
Cancer 2022;61:261-73.

41.	 Khorshid Shamshiri A, Alidoust M, Hemmati Nokandei M, 
Pasdar A, Afzaljavan F. Genetic architecture of mammographic 
density as a risk factor for breast cancer: A systematic review. Clin 
Transl Oncol 2023;25:1729-47.

42.	 Wang Q, Zhao Y, Zheng H, Wang Q, Wang W, Liu B, et al. 
CCDC170 affects breast cancer apoptosis through IRE1 pathway. 
Aging (Milano) 2020;13:1332-56.

43.	 Archambault AN, Su Y-R, Jeon J, Thomas M, Lin Y, Conti DV, 
et al. Cumulative burden of colorectal cancer–associated genetic 
variants is more strongly associated with early-onset vs late-onset 
cancer. Gastroenterology 2020;158:1274-1286.e12.

44.	 Pei J-S, Chang W-S, Chen C-C, Mong M-C, Hsu S-W, Hsu P-C, et 
al. Novel contribution of long non-coding RNA MEG3 genotype 
to prediction of childhood leukemia risk. Cancer Genomics 
Proteomics 2022;19:27-34.

45.	 Song SH, Kim E, Woo E, Kwon E, Yoon S, Kim JK, et al. 
Prediction of clinically significant prostate cancer using polygenic 
risk models in Asians. Investig Clin Urol 2022;63:42-52.

D
ow

nloaded from
 http://journals.lw

w
.com

/m
jby by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
K

G
K

V
0Y

m
y+

78=
 on 12/29/2024


