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Abstract

Circulating tumor cells (CTCs) are the rich source of ‘liquid biopsy’ for early diagnosis in variety of tumors and 3’-5" methylene
tetrahydrofolate reductase (MTHFR C677T) polymorphism, play a relevant role to evaluate the ‘risk factor’ in during progression
of disease. Present study has been designed with the aims to identify the gene-expression of epithelial - mesenchymal transition
(EMT) markers such as Sox4, CK 19 and EpCAM in circulating tumor cells isolated from breast, colorectal, gall bladder and Wilm'’s
tumors as early diagnostic markers. DNA copy number variations (DNACNV) were also evaluated to assess the genetic susceptibil-
ity of individual tumor bearing patients and correlates with tumor suppressor gene (p53) during angiogenesis. MRHFR C677T gene
polymorphism was also includes to assess the genetic heterogeneity of CT genotype and “risk factor” of the disease. Peripheral blood
samples were collected from clinically diagnosed cases and CTCs were isolated from lymphocytes cultures for the isolation of. DNA
and RNA, quantified by nanodrop spectrophotometer and gene-expression of EMT markers were characterized by RT-PCR and DNA
CNVs by densitometry analysis using in build software of the Gel Doc system. . Interestingly, over-expression of Sox4, in breast and
gall bladder cancer, suggesting to confirm CTCs movement and invasion to the neighbouring tissue and induce metastasis. Findings
also reveals that complete disappear of band 359bp and 573bp of EpCAM and CK19 respectively, were observed in breast, gall blad-
der, and Wilms’s tumors consider as mutation, suggesting tissue-specific transition of the markers during progression of disease.
ARMS-PCR was used to evaluate the frequency of genotype, CC, TT and CT variation of MTHFR C677T polymorphism, where, the Tm
values between GAPDH (89.50) and 86.50 in breast cancer, gall bladder shift significantly confirming the genetic heterogeneity fol-
lowed by risk factor of the disease. p53 gene showing significant (p < 0.05) down - regulation only in gall bladder tumor suggest to

increase genetic susceptibility towards carcinogens.
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Introduction

In women, breast cancer is highly prevalent disease in the
world. Etiopathology is highly complex due to involvement of both
genetic and epigenetic factor during disease progression. Sev-
eral conventional techniques have been established such as his-
topathology, cytochemistry, polymerase chain reaction (PCR) and
flowcytometric analysis that raised conflicting issues such as time
consuming, cell-number, survival and lack of sensitivity for early
diagnosis [1]. Recently, the scientists have developed advanced
technique based on circulating tumors cells (CTCs), a highly sen-
sitive techniques based on early prognosis followed by diagnosis
of primary tumors “biomarker” and becomes relevant for clini-
cians during chemotherapeutic regime. The metastasis is main
cause of mortality in cancer patients due to invasion of CTCs to the

neighbouring organs or tissues. The role of epithelial mesenchy-

mal transition (EMT) markers- Sox4, EpCAM and CK19 regulating
metastasis during tumor progression has not been defined clearly.
However, CTCs are the rich source of “liquid biopsy” and act as an
“information centre” for early diagnosis, during management in
variety of tumors. Recent studies have documented that KRAS mu-
tant develop resistant in wild-type genotypes after chemotherapy
in primary or metastatic stages in variety of cancer like colorectal,

liver and lungs [2].

The identification and characterization of CTCs are very difficult
task because of several factors including sensitivity, (~1%) quan-
tity, and genetic heterogeneity in population [2,3]. The collection
of blood sample (5-10 ml) from their tumor bearing patients raises
the question of ethics, obtained from single patient or if pooled the

samples for the isolation of CTCs using Ficoll’s method and charac-
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terization of EMT markers - Sox4, EpCAM and CK19) during early
diagnosis is poorly understood [4]. Several efforts have been de-
veloped to improve the techniques for both quality and quantity
of cell number to maintain sensitivity for the clinicians to develop
better management to the tumor bearing patients. The character-
istic feature of CTCs shows adaptive niche or “tumor seeds” be-
fore infiltration or invasion to the neighbouring distant organs like
breast, lymph nodes, liver, kidney and nervous system during me-

tastasis.

Folate metabolism play an important role in transformation
from normal to malignant cell during intracellular conversion of 5,
10 methylene tetrahydrofolate reductase (MTHFR) to 5-methyltet-
rahydrfolate maintaining de-novo equilibrium of methionine and
homocysteine. MTHFR C677T gene is assigned on chromosome-
1p36.3 and their polymorphism has been assigned in variety of
cancer as well as non-malignant conditions either in homozygous
or in heterozygous condition [5]. Hence, it's become essential that
such genetic factor to correlate in differential gene-expression of
EMT markers in variety of tumor bearing patients. Efforts have
been developed to improve the quality and quantity of CTCs with
maintaining sensitivity using cell-culture engineering, after mini-
mal use of sample (blood 0.5ml) from clinically diagnosed patients.
The sensitivity was characterized by EMT markers - Sox4, EpCAM
and CK19 and these markers are highly conserved in nature, ex-
tensively used during morphogenetic transformation [6]. Sox4 be-
longs to the member of SRY high mobility transcription factor that
encodes proteins are responsible to decide fate of cell- differentia-
tion and their expression after activation of oncogenes mediating
TGF- signalling [7]. Similarly, epithelial cell adhesion molecule
(EpCAM), cytokeratin (CK19 is also known as mesenchymal EMT
makers of cell surface of stem cells and their expression diverges
during cell invasion during progression of the disease before or af-
ter metastasis [8]. Present study, has been designed with the aims
to evaluate differential gene-expression of EMT markers in CTCs
isolated from four different cancer patients to determine tissue-
specific genetic heterogeneity, and further determine “risk factor”
using MTHFR C677T gene polymorphism either alone or with p53

mediated signalling in a synergistic manner.

Materials and Methods
Subjects

The peripheral venous blood (1.0 ml) was obtained in a sterile
EDTA vial from clinically diagnosed breast cancer patients (n = 28)
with age-matched control, ,gall bladder, colon and Wilms tumor
patients after informed consent. Study was approved by Institute
ethical committee of AIIMS, Patna (AIIMS/Pat/IRC/2020/610),

and informed consent form was dually signed by patients.

Isolation of circulating tumor cells by Ficoll’s gradient meth-
od.

Peripheral blood lymphocytes (PBL) were cultured using
RPMI-1640 media supplemented with 10% foetal bovine serum,
phytohemagglutinin-M (PHA), and antibiotic solution consist of
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streptomycin and penicillin. After Ficoll-Paque density gradient
centrifugation at 400g for 30 minutes, a ring is formed between up-
per and lower layers. Cells were isolated from the ring consist of
CTCs, washed twice with 10 ml RPMI-1640 media and centrifuge
at 300g for 10 min followed by resuspend in 1.0 mL of RPMI-1640
media and stored at -20°C till characterization and identification
of CTCs [9,10].

Isolation of RNA and cDNA Synthesis.

CTCs were fixed in TRIZOL (Invitrogen, Life Technologies, USA)
for isolation of total RNA according to manufacturer’s instruction.
After isolation of mRNA, quality was checked on 1.5% agarose gel
electrophoresis, and quantification was carried out by Nanodrop
(Thermo Scientific USA) instrument at 260nm. The 2pg of total
spectrophotometer RNA was used for cDNA using reverse tran-
scriptase (20U/ul) with Oligo (dT) and random primer (cDNA Kit,
Promega, USA) in a total volume of 20 pl followed by incubation of
5 min at 25°C, 1 hr for 42°C and complementary products were
used for characterization of EMT markers - Sox 4, EpCAM and CK
19 using PCR.

Characterization of EMT Markers - Sox 4, EpCAM and CK-19.

In order to detect the pattern of comparative analysis and sensi-
tivity of epithelial-mesenchymal transition (EMT) markers in CTCs
in different cancers were identify and further characterize by PCR/
RT-PCR procedure. Table 1, showing the specific set of forward
and reverse of primers sequences after confirmation from NCBI
(BLAST/http://blast.ncbi.nlm.nih.gov.) of Sox4, EpCAM and CK-19
markers were used for the identification of CTCs. PCR reaction was
achieved in a 25pl mixture containing 5x Green GoTaq PCR reaction
buffer, ANTPs Mix (10 mM), 1pl each of 10 pmol of CTCs specific
primer i.e. forward and reverse, 0.2ul of GoTaq DNA polymerase
(5U/ul). The template (cDNA-1pg) is mix with reaction mixture be-
fore performing PCR. The reaction profile was different for each of
the CTC’s marker i.e. carried out for 35 cycles comprising, initial
denaturation at 95°C for 5 minutes. There are three EMT markers
showing different PCR stratifies like Sox4 denaturation at 95°C for
30 seconds, annealing at 57.2°C for 30 seconds, elongation at 72°C
for 30 seconds, followed by final elongation at 72°C for 8 minutes.
Similarly, for EpCAM and CK-19, the denaturation at 95°C for 45
seconds, annealing at 60.2°C for 30 seconds and elongation at 72°C
for 1 minute, followed by final elongation at 72°C for 7 minutes as
shown. The amplified products were characterized on 1.5% aga-
rose gel electrophoresis and individual’s bands were visualized on
Gel Doc systems (Bio-Rad USA) for densitometry analysis to enu-
merate DNA copy number variations using inbuilt software system
of gel Doc (Bio-Rad USA).

Analysis of MTHFR C677T gene polymorphism.
Folate-metabolism play an important role during cancer pro-
gression and regulated by methylenetetrahydrofolate reductase
(MTHFR C677T) polymorphism to assess the genetic heterogeneity
followed by “risk factors” of the disease. Allele refractive mutation-

al system (ARMS- PCR) is highly sensitive and reliable technique to
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Table 1: RT-PCR based analysis showing different set of forward and reverse primers for the characterization of epithelial-mesenchymal

transition markers in circulating tumor cells and primers for MTHFR C677T genes polymorphism for breast, colon, gall bladder and

Wilms’s tumor.

S.N. | Type of Genes Forward/Reverse Sequences used for PCR analysis Annl. Temp. (°C) | Size (bp) | Ref.
F 5'-TGA AGT CTC ATG GAA GCCAGC-3’
1 p53 60 279 (11)
R5'-GCT CTTT TTC ACC CAT CTACAG-3’
F GGTCTCTAGTTCTTGCACGCTC
2 SOX4 57.2 183 (12)
R CGGAATCGGCACTAAGGAG
F- 5’-GCCAGTGTACTTCAGTTGGTGC
3. EpCAM 58.7 359 (13)
R- 5’-CCCTTCAGGTTTTGCTCTTCTCC
F- 5’-ATTCCGCTCCGGGCACCGATCT
4 CK 19 60.2 573 (14)
Reverse CGCTGATCAGCGCCTGGATATGCG
F- 5-TGTCATCCCTATTGGCAGGTTACCCCAAA 171
R- 5’-CCATGTCGGTGCATGCCTTCACAAAG
5 MTHFR C667T 58.0 (15)
CpolyGGCGGGCGGCCGGGAAAAGCTGCGTGATGATGAAATAGG 150
T allele GCACTTGAAGGAGAAGGTGTCTGCGGGCGT 105

evaluate SNP analysis using specific primers (tetra plex) as details
of primer are documented in table 1. The primers were designed
and confirmed after BLAST (http:// www.ncbi.nlm.nih.gov/blast)
to determine specificity. These tetra primer selected for ARMS
- PCR of MTHFR C677T genotypes i.e. CC (wild type), TT (rare
mutant, disease causing) either in homozygous or CT (mutant)
heterozygous condition using SYBR green. The reaction mixture
consists of a total volume of 20ul containing 10pl of SYBR Green
PCR master mix, 1.0 pl of each primer per reaction, 1pug of cDNA,
and distilled water was used for RT- PCR analysis. RT-PCR proto-
col initially consist of initial denaturation step (95°C for 5 min)
was followed by amplification and quantification steps repeated
for 40 cycles (95°C for 20 seconds, 58°C for 30 seconds, 70°C for 30
seconds) with a single fluorescence measurement at 530nm. Melt-
ing curves (Tm) were constructed by lowering the temperature to
65°C and later increasing the temperature by 0.2°C/s to 98°C to
measuring the change of fluorescence consistently. After obtaining
Tm values, a plot was developed between fluorescence versus tem-
perature (dF/dT) for the amplification of candidate gene products.
PCR products were further analysed to reconfirm the findings on
1.5% agarose gel electrophoresis by evaluating the appearance of
additional band consist of 105bp, confirming genetic heterozygos-
ity (CT genotype), where, the nucleotide cytosine change to thymi-

dine and confirming “point mutation”.

Statistical analysis.

Data were collected from four different type of cancer patients
and values were calculated in terms of mean # SD to observe the
significance difference (p value) between cases and controls. SPSS
(7.0 version software, USA) and two tailed chi- square test was

used for DNA copy number variations with respect to controls.

Results
PCR based analysis showing variations in the intensity of p53

gene expression (279bp), after using 1.5% agarose gel electropho-

resis as shown in Figure -1A. In case of gall bladder, the gene-ex-
pression apparently showing significant down-regulated (lane-3)
as compared to control (lane-1). This finding was further confirmed
that showing significant (p < 0.05) differences in DNA copy number
variation as shown in bar diagram (Figure -1B, lane-3) with respect
to controls. Figure 2A-D (arrow) showing the differential expres-
sion of epithelial mesenchymal transition markers genes, Sox4,
EpCAM and CK19 either complete disappearance of band consider
as mutation or over expression (up regulation) or (under expres-
sion) down regulation in CTCs isolated from four different type of
tumors. CTCs showing complete disappearance (mutation) in CK19
(573bp) and EpCAM (359bp) as shown in figure - 24, lane-5 and 6
in breast cancer patient (arrow), but lack of changes in Sox4. Simi-
larly, in gall bladder, the expression of CK19 showing down-regu-
lation and mutation of EpCAM (Figure .2B, lane4, arrow). Further,
down-regulation of EpCAM was observed in colorectal case (Figure
.2C, lane 4) and mutation of CK19 (573bp) and EpCAM (359bp)
were observed in Wilms tumor. Statistical analysis showing signifi-
cant correlation (p < 0.05) in CK19 and EpCAM. Interestingly, Sox4

showing lack of cionificant differences in all four different tumaors,
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Figure 1: AB. PCR analysis image showing p53 gene expression

(279bp) on 1.5% agarose gel, after staining with ethidium bromide

followed by characterization on Gel Doc system (Bio Rad USA).

Down-regulation was observed in gall bladder cancer (fig.1A lane-

3). Bar diagram further confirm low DNA copy number variations

and sstatistical analysis showing significant difference (p < 0.05)
with respect to controls.
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Figure 2: A-D. PCR based analysis showing differentialtional expression of epithelial mesenchymal transition markers - Sox4, EpCAM
and CK19 in circulating tumor cells from four differential type of tumors - breast cancer (A), gall bladder (b), colorectal cancer (c), and
Wilms tumor (D).

pears in bar diagram (Figure -3A, B and C).The mean + s.d values

Table 2 showing the comprehensive data of DNA copy number  between case 1847.4 + 675.5 and controls 1487.4 + 120.38 show-
variations of EMT marker gene in CTCs, in four different tumors.  ing lack of significant differences of Sox4, and also shown in bar
The mean # s.d values of cases 209.5 + 41.8 and control (886.3 +  diagram. Figure -3D, apparently showing the down regulation of
99.14) in EpCAM and CK19 927.3 + 13.4 (case) and 279.9 + 36.65  Sox4 and mutation of CK19 and EpCAM (arrow), when compare

(controls), showing significant (p < 0.05) difference as also ap-  with controls in the case of Wilms’ tumor.

Table 2: DNA copy number variations showing significant difference (p<0.05) in epithelial- mesenchymal transition marker in different

tumor patients with their respect to controls

Types SO0X4 EpCAM CK-19
Control Case Control Case Control Case
Breast Cancer 1357.53 1556.81 1010.66 0 2310.73 0
Gallbladder Cancer 1640.46 1757.88 896.14 0 2966.38 858.30
Colorectal Cancer 1437.6 1260.5 769.6 837.9 2754.5 2850.9
Wilm'’s Tumor 15139 2812.8 868.8 0 3165.9 0
Mean + S.D. 1487.4 £120.38 | 1847.0 £ 67.50 | 886.3 +99.14 209.5+41.95 2799.4 + 36.6 927.3+13.4
S.E. 60.19 337.75 49.57 209.48 183.26 672.36
p-values 0.33 0.02* 0.04*

*Showing significant (p < 0.05) difference with respect to controls.
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Figure 3: A-D. Bar diagram showing DNA copy number variations of epithelial mesenchymal transition markers - Sox4, EpCAM and CK19
in circulating tumor cells isolated from four different type of tumors - breast cancer (A), gall bladder (b), colorectal cancer (c), and Wilms
tumor (D). The complete disappearance of band considers as mutation as shown by arrow (—) in all the cancer patients except, colorectal

cancer.
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MTHFR C-T gene polymorphism analysis was carried out us-
ing ARMS-PCR, a highly sensitive technique for genetic heteroge-
neity between cases of breast, colon, gall bladder and Wilms tumor
and Tm values among were compared with GAPDH, consider as
genomic controls. The observed Tm values showing significant dif-
ference after shift from 89.00 (case) to 86.00 in control in breast
cancer patient again Tm values shift from 89.50 to 86.50 and 88.00
to 85.50 between cases and controls, in gall bladder and colon
cancer, respectively as shown in figure 4A, B and C to confirm the

genetic heterogeneity, where, the nucleotide cysteine is substi-
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tuted to thymidine (C — T) of MTHFR gene polymorphism to con-
firm point mutation. In the case of Wilms tumor, Tm values shift
from 86.00 (control) to 85.50 (case), showing lack of significance
(Figure 4D) differences with respect to controls, suggesting other
than folates like p53 might have influence in the development of
tumor progression either alone or with environmental factor like
arsenic. However, the genetic susceptibility in Wilms tumor is diffi-
cult to predict because of multiple factors other than EMT markers,
TGFB1, p53 and MTHFR C677T variants increase “risk factor”, but

fetal-maternal factor can not be ignored.
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Figure 4: A-D. MTHFRC677T gene polymorphism showing genetic heterogeneity in circulating tumor cells isolated in variety of four

different types of tumors. Significant difference was observed in Tm values with respect to GAPDH as controls in breast cancer (A), gall

bladder (B), colon cancer (C), but showing lack of significance in Wilm’s tumor (D).

Discussion

Epidemiological study reveals that breast cancer leads to sec-
ond highest incidence of mortality in the women population [16].
Although, the causative factor associated with the breast cancer re-
mains unclear, it has been hypothesized that multiple factors such
as hepatitis infection, life-style including dietary factors like alco-
hol and contaminated food are the major “risk factor” associated
with the progression of disease [17]. Large number of invasive
and non-invasive techniques are available to diagnose the cancer
patients including histopathological, mammography, radiological
and immunocytochemistry techniques having time consuming,
and lack of sensitivity for early diagnosis of the cancer patients.
Hence, there is need to develop new minimal non-invasive tech-
nique based on CTCs, isolated from the breast cancer patients and
compared the same with three other tumor bearing patients like
gall bladder, colon cancer and Wilms tumor based on cell- culture
techniques using Ficoll's gradient methods [9]. The sensitivity of
CTCs was evaluated using epithelial-mesenchymal transition mark-
ers - CK19, EpCAM and Sox4 in terms of either mutation i.e. com-
plete disappearance of band or over-expression (up-regulation) or
under-expression (down- regulation) using specific primers. DNA
copy number variations of EMT markers showing tissue-specific

genetic susceptibility followed by invasion of CTCs in neighbour-

ing tissues (gall bladder or Wilms tumor) and confirmation of me-
tastasis during progression of disease. The genetic heterogeneity
of genotype (CT) regulating folate-metabolism of MTHFR C677T
gene polymorphism confirm the “risk-factor” of disease in variety

of patients [9].

The most interesting finding is the variation between CTCs of
breast cancer patient and Wilms’ tumor showing mutation of CK19
and EpCAM (Figure 2A and D) as compare to gall bladder and
colorectal cases (Figure 2B and C). This may be either due to tissue
specific susceptibility towards unknown environmental mutagen
or differences in pre/post metastatic stages during tumor progres-
sion. In the case of breast cancer, the Sox-4 expression showing al-
most similar pattern to gall bladder, and colorectal cancer patients,
except over expression in Wilms tumor, suggesting involvement of
transforming growth factor beta R1 (TGFR1) mediated signalling
pathway during angiogenesis, further confirm by DNACNVs (Figure
3D).Bar diagram of DNA copy number variation showing lack of
specific pattern in breast, gall bladder and colorectal cancer except
that confirm mutation that might have either increase the genetic
susceptibility (Figure 3A,B and C) or fail to maintain pluripotency

during progression of disease [18].
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Data of the present findings of CTCs in breast cancer cases are
quite relevant and shows significant genetic alterations i.e. com-
plete disappearance of CK19 and EpCAM, leading to increase ag-
gressiveness during metastasis. Earlier study shows that variation
in the frequency of EMT gene expression in variety of cancer tissue
may be either different tissue specific susceptibility or interaction
with vimentin- due to a marker of metastasis [19]. Although, the
sensitivity of EpCAM is also observed in gall bladder and Wilms’
tumor (mutation), confirming the transition of epithelial cells to
mesenchymal followed by invasion of CTCs to neighboring cell. In
colon cancer, there is lack of definite pattern of EMT maker gene
expression (Figure .3C), probably either due to poor supply of
CTCs to invade target site (tissue specificity) or unfavorable envi-
ronment for the proliferation of malignant cell. The findings also
confirm the genomic instability during tumorigenesis. Genetic
heterogeneity of MTHFR C677T gene polymorphism showing sig-
nificant shift of Tm values with respect to controls in breast, gall
bladder and colon cancer as depicted in Figure -4 A, B and C, except
in Wilms tumor, showing lack of significance changes in Tm values,
suggesting that only 20% cases show genetic heterogeneity based

on individual tissue specific susceptibility.

Conclusion

The variable frequency of epithelial - mesenchymal transition
markers due to loss of polarity and identity of epithelial cells re-
sults showing aggressiveness in tumor cells. These cells detached
from primary tumor and invade to the neighboring tissue of ex-
tracellular matrix and circulates in blood vessels to reach distinct
tissue to induce secondary tumorigenesis. The variation in gene-
expression of EMT markers in different tumors are due to:- 1)
tissue-specific genetic heterogeneity, 2) p53 gene mutation and
over- expression of Sox4 promotes metastasis, 3) genetic hetero-
geneity of MTHFR C677T polymorphism reveals risk-factor based
on genetics-susceptibility. Differential expression of CK19, EpCAM
and Sox4 may be used as “biomarker” for early diagnosis in tumor

bearing patients.

Acknowledgement

AKS is thankful to the Director, AIIMS Patna, for providing valu-
able and critical suggestion. Author is also extend our thanks to
Department of Science and Technology, (Grant number: DST/TDP/
BTDT16/2021), New Delhi for providing financial assistance to
carry valuable research. Moreover, we thankfully like to acknowl-

edge the patients who participated in this study.

Conflict of Interest

There is no conflict of interest between authors.

16

Bibliography

1.

10.

11.

12.

13.

Buim ME,, et al. “Detection of KRAS mutations in circulating
tumor cells from patients with metastatic colorectal cancer”.
Cancer Biology and Therapy 16 (2015): 1289-1295.

Lin D,, et al. “Circulating tumor cells: biology and clinical sig-
nificance”. Signal Transduction and Targeted Therapy 6 (2021):
404.

Jiang M, et al. “Detection and clinical significance of circulat-
ing tumor cells in colorectal cancer”. Biomarker Research 9
(2021): 85.

Deng Z, et al. “Circulating tumor cell isolation for cancer diag-
nosis and prognosis”. Bio Medicine 83 (2022): 104237.

Saxena AK, et al. “Penetrance of MTHFR, MTRR and SHMT
Gene Polymorphism Modulate Folate Metabolism in Maternal
Blood and Increases “Risk Factor” in Neural Tube Defects in
Eastern India”. Human Genetics and Embryology 08 (2018): 9.

Saxena AK. “Genetic Heterogeneity of MTHFR C677T gene
polymorphism increase risk factor using circulating tumour
cells (CTCs) in acute lymphoblastic anaemia-A rare case re-
port”. Cancer Medicine Journal 5 (2022): 60-68.

Zhang ]., et al. “SOX4 Induces Epithelial-Mesenchymal Tran-
sition and Contributes to Breast Cancer Progression”. Cancer
Research 72 (2012): 4597-608.

Obermayr E., et al. “Cancer Stem Cell-Like Circulating Tumor
Cells Are Prognostic in Non-Small Cell Lung Cancer”. Journal of
Personalized Medicine 11 (2021): 1225.

Saxena AK. “Disconcordance Between Stem Cell Oct4, Sox2,
Sox4 and Epithelial Mesenchymal Transition CK 19, EpCAM
Markers in Circulating Tumor Cells-MTHFR C677T Gene Vari-
ant Increase Risk Factor in Pancreatic Tumors”. International
Journal of Cancer 6 (2022): 1-9.

Saxena AK, et al. “Impact of the Y-chromosome gene on SOX9
stem cell expression in non-obstructive azoospermic cases”.
Genetics and Molecular Research 21 (2020): gmr18464.

Saxena AK, et al. “Pretermination Codons of p53 Modulate
Functional Activity of 3D Structure and Genetic Susceptibil-
ity in the Cases of Wilms’ Tumour”. Cancer Medicine Journal 5
(2022): 88-95.

Jafarnejad SM., et al. “Prognostic significance of Sox4 expres-
sion in human cutaneous melanoma and its role in cell mi-
gration and invasion”. The American Journal of Pathology 177
(2010): 2741-2752.

Alowaidi F, et al. “Assessing stemness and proliferation prop-
erties of the newly established colon cancer ‘stem’cell line,
CSC480 and novel approaches to identify dormant cancer
cells”. Oncology Reports. Spandidos Publications 39 (2018):
2881-2891.

Citation: Ajit Kumar Saxena, et al. “Discordance in the Frequency of Epithelial - Mesenchymal Transition Markers Sox4, EpCAM and CK19 Gene

Expression in Circulating Tumor Cells in Variety of Cancer Patients - Significant Correlation with p53 and MTHFR C677T Gene Polymorphism”. Acta

Scientific Cancer Biology 8.11 (2024): 11-17.


https://pubmed.ncbi.nlm.nih.gov/26252055/
https://pubmed.ncbi.nlm.nih.gov/26252055/
https://pubmed.ncbi.nlm.nih.gov/26252055/
https://www.nature.com/articles/s41392-021-00817-8
https://www.nature.com/articles/s41392-021-00817-8
https://www.nature.com/articles/s41392-021-00817-8
https://biomarkerres.biomedcentral.com/articles/10.1186/s40364-021-00326-4
https://biomarkerres.biomedcentral.com/articles/10.1186/s40364-021-00326-4
https://biomarkerres.biomedcentral.com/articles/10.1186/s40364-021-00326-4
https://www.thelancet.com/journals/ebiom/article/PIIS2352-3964(22)00419-4/fulltext
https://www.thelancet.com/journals/ebiom/article/PIIS2352-3964(22)00419-4/fulltext
https://www.hilarispublisher.com/open-access/penetrance-of-mthfr-mtrr-and-shmt-gene-polymorphism-modulatefolate-metabolism-in-maternal-blood-and-increases-risk-factor-inneural-2161-0436-1000151.pdf
https://www.hilarispublisher.com/open-access/penetrance-of-mthfr-mtrr-and-shmt-gene-polymorphism-modulatefolate-metabolism-in-maternal-blood-and-increases-risk-factor-inneural-2161-0436-1000151.pdf
https://www.hilarispublisher.com/open-access/penetrance-of-mthfr-mtrr-and-shmt-gene-polymorphism-modulatefolate-metabolism-in-maternal-blood-and-increases-risk-factor-inneural-2161-0436-1000151.pdf
https://www.hilarispublisher.com/open-access/penetrance-of-mthfr-mtrr-and-shmt-gene-polymorphism-modulatefolate-metabolism-in-maternal-blood-and-increases-risk-factor-inneural-2161-0436-1000151.pdf
https://www.tridhascholars.org/pdfs/genetic-heterogeneity-of-mthfr-c677t-gene-polymorphism-increase-risk-factor-using-circulating-tumor-cells-ctcs-in-acute-lymphoblastic-anemia-a-rare-case-report-CMJ-5-S6-1008.pdf
https://www.tridhascholars.org/pdfs/genetic-heterogeneity-of-mthfr-c677t-gene-polymorphism-increase-risk-factor-using-circulating-tumor-cells-ctcs-in-acute-lymphoblastic-anemia-a-rare-case-report-CMJ-5-S6-1008.pdf
https://www.tridhascholars.org/pdfs/genetic-heterogeneity-of-mthfr-c677t-gene-polymorphism-increase-risk-factor-using-circulating-tumor-cells-ctcs-in-acute-lymphoblastic-anemia-a-rare-case-report-CMJ-5-S6-1008.pdf
https://www.tridhascholars.org/pdfs/genetic-heterogeneity-of-mthfr-c677t-gene-polymorphism-increase-risk-factor-using-circulating-tumor-cells-ctcs-in-acute-lymphoblastic-anemia-a-rare-case-report-CMJ-5-S6-1008.pdf
https://pubmed.ncbi.nlm.nih.gov/22787120/
https://pubmed.ncbi.nlm.nih.gov/22787120/
https://pubmed.ncbi.nlm.nih.gov/22787120/
https://pubmed.ncbi.nlm.nih.gov/34834576/
https://pubmed.ncbi.nlm.nih.gov/34834576/
https://pubmed.ncbi.nlm.nih.gov/34834576/
https://www.tridhascholars.org/pdfs/disconcordance-between-stem-cell-oct4-sox2-sox4-and-epithelial-mesenchymal-transition-ck-19-epcam-markers-in-circulating-tumor-cells-mthfr-c677t-gene-variant-increase-risk-factor-in-pancreatic-tumors-CMJ-6-1061.pdf
https://www.tridhascholars.org/pdfs/disconcordance-between-stem-cell-oct4-sox2-sox4-and-epithelial-mesenchymal-transition-ck-19-epcam-markers-in-circulating-tumor-cells-mthfr-c677t-gene-variant-increase-risk-factor-in-pancreatic-tumors-CMJ-6-1061.pdf
https://www.tridhascholars.org/pdfs/disconcordance-between-stem-cell-oct4-sox2-sox4-and-epithelial-mesenchymal-transition-ck-19-epcam-markers-in-circulating-tumor-cells-mthfr-c677t-gene-variant-increase-risk-factor-in-pancreatic-tumors-CMJ-6-1061.pdf
https://www.tridhascholars.org/pdfs/disconcordance-between-stem-cell-oct4-sox2-sox4-and-epithelial-mesenchymal-transition-ck-19-epcam-markers-in-circulating-tumor-cells-mthfr-c677t-gene-variant-increase-risk-factor-in-pancreatic-tumors-CMJ-6-1061.pdf
https://www.tridhascholars.org/pdfs/disconcordance-between-stem-cell-oct4-sox2-sox4-and-epithelial-mesenchymal-transition-ck-19-epcam-markers-in-circulating-tumor-cells-mthfr-c677t-gene-variant-increase-risk-factor-in-pancreatic-tumors-CMJ-6-1061.pdf
https://geneticsmr.com/articles/impact-y-chromosome-gene-sox9-stem-cell-expression-non-obstructive-azoospermic-cases
https://geneticsmr.com/articles/impact-y-chromosome-gene-sox9-stem-cell-expression-non-obstructive-azoospermic-cases
https://geneticsmr.com/articles/impact-y-chromosome-gene-sox9-stem-cell-expression-non-obstructive-azoospermic-cases
https://www.tridhascholars.org/pdfs/pretermination-codons-of-p53-modulate-functional-activity-of-3d-structure-and-genetic-susceptibility-in-the-cases-of-wilms-tumour-CMJ-05-1054.pdf
https://www.tridhascholars.org/pdfs/pretermination-codons-of-p53-modulate-functional-activity-of-3d-structure-and-genetic-susceptibility-in-the-cases-of-wilms-tumour-CMJ-05-1054.pdf
https://www.tridhascholars.org/pdfs/pretermination-codons-of-p53-modulate-functional-activity-of-3d-structure-and-genetic-susceptibility-in-the-cases-of-wilms-tumour-CMJ-05-1054.pdf
https://www.tridhascholars.org/pdfs/pretermination-codons-of-p53-modulate-functional-activity-of-3d-structure-and-genetic-susceptibility-in-the-cases-of-wilms-tumour-CMJ-05-1054.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC2993272/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2993272/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2993272/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2993272/
https://pubmed.ncbi.nlm.nih.gov/29693155/
https://pubmed.ncbi.nlm.nih.gov/29693155/
https://pubmed.ncbi.nlm.nih.gov/29693155/
https://pubmed.ncbi.nlm.nih.gov/29693155/
https://pubmed.ncbi.nlm.nih.gov/29693155/

Discordance in the Frequency of Epithelial - Mesenchymal Transition Markers Sox4, EpCAM and CK19 Gene Expression in Circulating Tumor

Cells in Variety of Cancer Patients - Significant Correlation with p53 and MTHFR C677T Gene Polymorphism

14.

15.

16.

17.

18.

19.

Citation: Ajit Kumar Saxena, et al. “Discordance in the Frequency of Epithelial - Mesenchymal Transition Markers Sox4, EpCAM and CK19 Gene
Expression in Circulating Tumor Cells in Variety of Cancer Patients - Significant Correlation with p53 and MTHFR C677T Gene Polymorphism”. Acta

Balducci E., et al. “A new nested primer pair improves the
specificity of CK-19 mRNA detection by RT-PCR in occult
breast cancer cells”. The International Journal of Biological
Markers. SAGE Publications Sage UK: London, England 20
(2005): 28-33.

Saxena Ajit K., et al. “ARMS-PCR based SNP analysis of MTHFR
C677T allele using Syber green in pancreatic tumor”. British
Journal of Medical and Health Research 11 (2016): 1-6.

Lei S., et al. “Breast cancer incidence and mortality in women
in China: temporal trends and projections to 2030”. Cancer Bi-
ology and Medicine 18 (2021): 900-909.

Rahman MS,, et al. “Risk Factors for Cancer: Genetic and En-
vironment”. In: Waly MI, Rahman MS, editors. Bioactive Com-
ponents, Diet and Medical Treatment in Cancer Prevention.
Cham: Springer International Publishing (2018): 1-23.

Saxena AK,, et al. “MTHFR New Gene Variants Increase Risk
Factor in Wilms’ tumor and Prediction of 3D Structure Modu-
lates Functional Activity during Drug - Protein Interaction”.
Journal of Integrative. Oncology 10 (2020): 6-11.

Saxena Ajit K, et al. “Differential expression of Vimentin gene
modulated by MTHFR C677T gene polymorphism in circulat-
ing tumor cells isolated from breast cancer patient”. Genetics
and Molecular Research 23.1 (2024): 1-10.

Scientific Cancer Biology 8.11 (2024): 11-17.

17


https://pubmed.ncbi.nlm.nih.gov/15832770/
https://pubmed.ncbi.nlm.nih.gov/15832770/
https://pubmed.ncbi.nlm.nih.gov/15832770/
https://pubmed.ncbi.nlm.nih.gov/15832770/
https://pubmed.ncbi.nlm.nih.gov/15832770/
https://journaljammr.com/index.php/JAMMR/article/view/2358
https://journaljammr.com/index.php/JAMMR/article/view/2358
https://journaljammr.com/index.php/JAMMR/article/view/2358
https://pmc.ncbi.nlm.nih.gov/articles/PMC8330522/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8330522/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8330522/
https://squ.elsevierpure.com/en/publications/risk-factors-for-cancer-genetic-and-environment
https://squ.elsevierpure.com/en/publications/risk-factors-for-cancer-genetic-and-environment
https://squ.elsevierpure.com/en/publications/risk-factors-for-cancer-genetic-and-environment
https://squ.elsevierpure.com/en/publications/risk-factors-for-cancer-genetic-and-environment
https://www.hilarispublisher.com/open-access/Journal%20of%20Integrative%20Oncology%20355%20(22)..pdf
https://www.hilarispublisher.com/open-access/Journal%20of%20Integrative%20Oncology%20355%20(22)..pdf
https://www.hilarispublisher.com/open-access/Journal%20of%20Integrative%20Oncology%20355%20(22)..pdf
https://www.hilarispublisher.com/open-access/Journal%20of%20Integrative%20Oncology%20355%20(22)..pdf
https://geneticsmr.com/2024/03/13/differential-expression-of-the-vimentin-gene-modulated-by-mthfrc677t-polymorphism-in-circulating-tumor-cells-isolated-from-breast-cancer-patients/
https://geneticsmr.com/2024/03/13/differential-expression-of-the-vimentin-gene-modulated-by-mthfrc677t-polymorphism-in-circulating-tumor-cells-isolated-from-breast-cancer-patients/
https://geneticsmr.com/2024/03/13/differential-expression-of-the-vimentin-gene-modulated-by-mthfrc677t-polymorphism-in-circulating-tumor-cells-isolated-from-breast-cancer-patients/
https://geneticsmr.com/2024/03/13/differential-expression-of-the-vimentin-gene-modulated-by-mthfrc677t-polymorphism-in-circulating-tumor-cells-isolated-from-breast-cancer-patients/

