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Abstract: Mitochondrial transcription elongation factor (TEFM) and mitochondrial transcription termination factor MTERF1 modu-
late and regulate mitochondrial gene transcription and metabolism in most of the cells present in the body. Earlier studies have
indicated that MTERF1 and TEFM play a pivotal role in pathogenesis of different types of cancer. However, the mRNA expression and
prognostic roles of MTERF1 and TEFM in colon cancer patients remains unknown. The current objective was to investigate the altera-
tion in mMRNA expression level using FPKM data available in TCGA database, and evaluation of prognostic roles of MTERF1 and
TEFM in patients with colon cancer using the Human Protein Atlas Database. The mRNA expression levels of TEFM were significantly
increased in colon cancer patients as compared with normal colon tissue samples. the mRNA levels of MTERF1 was significantly de-
creased in colon cancer tissue compared to the normal adjacent tissues. High mRNA expression levels of TEFM and low mRNA
expression levels were strongly associated with an improved overall survival rate (OS) in patients with colon adenocarcinoma. These
results indicate the prognostic values of MTERF1 and TEFM expression levels in colon cancer. The findings from the present study
may be useful for understanding the basic molecular mechanism of colon adenocarcinoma for making effective and efficient therapeu-

tic treatments.
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1. Introduction

In accordance with the data presented by the International
Agency of Research on cancer, headed by The World Health
Organisation, in 2021(1), Colon cancer is observed to be the
third most fatal and fourth most prevalent type of cancer (2,
3). There has been a steady rise in both the incidences and
mortality of patients with this type of cancer, particularly in
western countries due to various reasons such as life style,
obesity, consumption of red meat etc (4), and this is the rea-
son why there is an urgent need for prognostic biomarkers
for predicting overall survival of patients affected by this
type of cancer.

1.1 Background and Context

Mitochondria are recognized as the energy transducing or-
ganelles of eukaryotic cells in which the fuel to drive
metabolism in cells are transformed into ATP by the process
of electron transport chains and oxidative phosphorylation
systems (5, 6). The major functions of mitochondrial pro-
teins involve nitrogen metabolism, fatty acid and pyruvate
oxidation (7). Mitochondria are also called as semi autono-
mous organelles as they have their own genetic material that
is circular double stranded DNA present in the mitochon-
drial matrix which makes them unique from the other cell
organelles (8). The mammalian mitochondrial genome is
16569 base pairs long and the strands of the DNA duplex
can be differentiated by the difference in the G+T base com-
position that leads to varied buoyant densities of each strand
namely heavy and light in denaturing caesium chloride gra-
dients (9). Most of the genetic information is present and
encoded on the H-strand (Heavy) as it contains genes for 2
rRNAs, 14 tRNAs, and 12 polypeptides. The light strand

contains genes for 8 tRNAs and a single polypeptide (10, 11,
12).

Mitochondrial transcription starts in the major non-coding
region containing the LSP (light strand promoter) and the
HSP (heavy strand promoter) and is regulated by mitochon-
drial transcription factors such as TFAM (Mitochondrial
Transcription factor A), POLRMT (mitochondrial DNA-
directed RNA polymerase), MTERFs (Mitochondrial Tran-
scription  termination factors), TEFM (Mitochondrial
transcription elongation factor), TFB1M & TFB2M (Tran-
scription factors 1 & 2) (13, 14, 15, 16, 17).

MTERF (Mitochondrial Transcription termination factors)
serve a pivotal role expression of the mitochondrial gene
(15). It is a family of termination factors consisting of 4
members MTERF 1,234 (16, 17). The structure of
MTERFs consists of repetitions of 30 amino acid molecules
(17). Earlier studies have shown that MTERFs play a role in
anchoring Mitochondrial DNA replication and exert crucial
functions in termination and initiation of mitochondrial tran-
scription (18). MTERF1 is the authoritative mitochondrial
transcription termination factor. It is able to regulate the mi-
tochondrial gene expression by preventing Light strand
transcription interface within mtDNA (18).

TEFM (Mitochondrial Transcription Elongation Factor) is
known to be one of the most crucial molecules for regulation
mitochondrial replication-transcription switch. It controls
both the Elongation and RNA processing of the mitochon-
drial transcription. TEFM contains two tandemly repeated
helix-hairpin-helix motif and a single Rnase-H fold. TEFM
enhances the processivity of mitochondrial transcription
elongation by binding to mtRNAP, mtDNA and the nascent
RNA and thus stabilizes the mtRNAP transcription elonga-
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tion complex (19, 20, 21, 22). However to the best of our
knowledge, there are no reports made on the prognostic roles
of MTERF1 and TEFM in patients having Colon cancer, In
addition role of both these genes remains a mystery in
COAD, therefore, the present study aimed to investigate the
expression and prognostic values of MTERF1 and TEFM in
COAD.

1.2 Scopes and objectives

Mitochondrial genome transcription and its link with cancer
has always remain elusive, recent studies have shown that
mitochondrial transcription factors and their expression lev-
els show a positive correlation with the alteration in their
copy number during non small cell lung adenocarcinoma
(23).

Major objective of this study was to find out whether the
mitochondrial transcription factors MTERRF1 and TEFM
had a positive correlation with respect to their mRNA levels
and OS rate of patients affected with colon adenocarcinoma
using bioinformatics data tools.

1.3 Achievements

The results of the present study showed that MRNA expres-
sion levels of MTERF1 and TEFM are highly altered in
colon cancer patient samples and it has a strong correlation
with the improved overall survival rate of the patients. The
results of the current study can be used to carry out early
prognosis and can be used to develop different therapeutics
that target the particular mitochondrial transcription factors
and hence can help in increasing the survival probability of
the patients.

1.4 Overview

In this study, a bioinformatics approach was used for study-
ing the change in expression levels of MTERF1 and TEFM
and their link with the overall survival rate. Heatmaps show-
ing differential expression in normal and colon cancer
affected samples are presented, Box-plots showing quanti-
fied difference between the expression levels of the above
stated genes are presented and lastly the overall survival
probability is estimated using survival plots.

2. Review of Literature

Colon cancer is considered to one of the most dangerous and
third most common type of cancer when it comes to study of
oncology (24). By gender COAD is considered to be the
second most prevalent type of cancer in women (9.2 %) and
third for men (10%) (25).The main cause of colon adenocar-
cinoma are mutations in specific genes just like other type
cancers, these mutations usually appear in oncogenes, tumor
suppressor genes and the genes which are directly or indi-
rectly related to DNA repair mechanisms (26). The most
common gene that is mutated during colon adenocarcinoma
is APC genes (Adenomatous Polyposis Coli). It is still a
mystery as to whether genomic instability inititates adeno-
carcinomas or these arise during the process of mutation
itself (27). The major pathways that are involved in this type

of cancer are WNT signalling pathways, Ras/Map kinase
pathways and CIN pathways (24, 28).

The overall survival rates during different stages of Colon
adenocarcinnomas are 91% (localized carcinoma), 72% (re-
gional carcinoma), 14% (metastatic carcinoma) (29).

Some of the most common prognostic factors used in prog-
nosis of COAD are overall Survival rates, ALP values
(Alkaline phosphate), CEA levels (Carcino-embryonic anti-
gens), CA-A19 (sialyl lewis a) (24, 30, 31, 32). Research for
probable mitochondrial biomarkers is still at a naive stage in
the field of oncology.

Mitochondrial are those cellular components of the cell that
are majorly involved in biogenesis of energy that is required
by each and every cell in the body for carrying out various
metabolical and catabolical activities (33). The mitochon-
drial genome is constantly under a threat for mutation due to
the presence of reactive oxygen species which is made by
the mitochondria itself during oxidative phosporylation. The
cancer cells are studied extensively and it is a known fact
that cancer cells require high levels of both energy and pro-
liferation, this infers that mitochondria in some sense plays a
key role in cancer progression as well as induction (34,35).
Some of the most common mutations (point) are m8893T>G
occurs in MT-ATPase 6 gene, m3460G>A occurs in MT-
ND1 gene (36). Mitochondrial genome regulation is a key
component in cancer advancement as these regulators main-
tain the ultimate balance for expression levels of the
mitochondrial proteins that ultimately carry out mitochon-
drial functions such as oxidative phosporylation (37). Some
of the major regulators of mitochondrial genome transcrip-
tion are POLRMT, TEFM, MTERF1, TFB2M (38, 39).
These regulators are found to have an abnormal scientific
behaviour in different types of cancer.

Mitochondrial transcription termination factor 3 is known to
a negative regulator of the mitochondrial transcription. It is
found to have an over expression in various types of cancer
such as liver cancer, lung cancer, pancreatic cancer, breast
cancer and brain cancer (40). Using different patient data
sets the expression of MTERF 3 was found to have a strong
relation with the patient’s survival rate (41), In multiple
types of disease MTERFs and TEFM which are mitochon-
drial transcription regulators, they show a key role in
prognosis.

Previous studies have revealed that abnormalities in
MTERF1 binding may result in mitochondria related dis-
eases which includes Kearn-sayre syndrome (42), studies of
post transcriptional modification patterns of mtDNA, a dis-
ease called as MELAS (mitochondrial encephalopathy lactic
acidosis) was revealed due to mutation in the mtDNA bind-
ing site for MTERF1 (43). Other neurological disorders such
as Parkinson’s disease diabetes, Alzheimer’s disease and
cancer are associated with mitochondrial dysfunction result-
ing from change in mitochondrial gene expression. In lung
cancer, MTERFs expression levels have shown positive cor-
relation with prognosis of OS in NSCLC patients (44).

For TEFM, According to previous studies it was found that
TEFM levels in cell have a positive association with differ-
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ent types of cancer such as Hepatocarcinoma, in this type of
cancer, TEFM has shown positive association with the pro-
gression and prognosis in the cancer affected patients (43).

3. Aims and objectives

The aim of the present study was to find out the correlation
between the mRNA expression levels of MTEF1 and TEFM
with the improved OS rate in colon cancer affected patients
using bioinformatics tools and analysis.

Objectives were to:-

1) Visualize the change in mMRNA levels of MTERF1 AND
TEFM,

2) Quantify the change in mMRNA levels

3) To find the survival curves for patients suffering from
colon cancer when the expression levels of MTERF1 and
TEFM are high and low.

4) The final objective was to find whether MTERF1 and
TEFM can be used as early biomarker for prognosis of
COAD patients.

4. Materials and methods

4.1 Expression level variation of MTERF1 and TEFM in
COAD patients

The present study analyzed the change in expression of
mMRNA levels of the transcription factors MTEF1 and TEFM
with colon cancer affected patients from R studio Using
TCGA database (https://www.cancer.net/cancer-
types/colorectal-cancer/statistics) a total of 50 normal colon
tissue sample data and 300 colon cancer (178 early stage
samples and 122 late stage) affected tissue sample data were
downloaded that contained the FPKM and TPM values
(Fragments per Kilo base of transcript per million Map
reads) of the mRNA that gave the expression values of all
the genes expressed in the tissue. The data was filtered and
scaled to obtain the expression data for 19 proteins out of
which 13 proteins were proteins that the mitochondrial ge-

nome codes and 5 mitochondrial transcription factors
(TFAM, TFB2M, MTEF1, TEFM, POLRMT). This analysis
was done as a visualization analysis for expression level
changes of MTEF1 and TEFM.

4.2 Quantification of change in expression levels of
TEFM and MTEF1 in COAD patients

After the visualization analysis, a quantification analysis was
done using the same patient data used in visualization analy-
sis and the software used was again R studio. The patients
MRNA expression data was used to obtain boxplots to com-
pare and quantify the change in expression of MTERF1 and
TEFM in colon cancer affected patients.

4.3 Association between MTERF1 and TEFM expression
levels and clinic-pathological characteristics of COAD
patients

The present study was used The Human Protein Atlas data-
base  (https://www.proteinatlas.org) to evaluate the
prognostic values of MTERF1 and TEFM in patients with
COAD. According to median level expression of all patients
with COAD included in the analysis, patients were divided
into two groups: High expression group and low expression
group. P-value < 0.05 was considered to be an indicative of
statistically significant difference.

5. Tests and Results
5.1 Varied expression of MTERF1 and TEFM in COAD

The results that were observed after generating the heat-map
(Fig 1) of all the 19 proteins showed that in normal colon
tissue sample the expression of TEFM is low whereas in
COAD samples the expression was comparatively high, It
was also observed that the expression levels of MTERF1
was less in normal colon tissue sample but it was high in
colon cancer affected patients.
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Figure 2 shows the zoomed view of Variations in expression  The results obtain after the following analysis were the P-
levels of TERM and MTERF1 in Colon cancer affected  values for MTERF1 and TEFM which were 3.76e-11 and
samples n= 300 (For colon cancer tissue sample) n= 50 (For  1.98e-05 respectively, shown in fig.3and fig.4
normal tissue sample).

The P-values gives a bio-statistical evidence for quantifica-

5.2 Significant Changes in expression levels of MTERF1  tion of change in expression levels of MTERF1 and TEFM
and TEFM in COAD during quantification.
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Figure 3 & 4 Quantification of alteration in expression of
TEFM and MTERF1.The box-plots show the median ex-
pression of MTERF1 and TEFM with the Prognostic values
that signify the difference between normal (NC) colon tissue
sample and Colon cancer tissue sample (COAD).
NC= 50 (Normal Colon tissue samples) COAD = 300 (Co-
lon cancer tissue samples)
0

5.3 Varied expression of MTERF1 and TEFM enhances
the overall survival of COAD patients

The present study used survival curve analysis from the

open source database — The Human Protein Atlas to evaluate

the prognostic values of MTERF1 and TEFM in patients

with COAD and the results were as follows:-

1) Overall survival of colon cancer affected patients in-
creased when the expression of TEFM was highly
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2)

expressed and also the when the expression of TEFM
was high the 5 year survival probability was 71% where
as 5 year survival probability was 60 percent when ex-
pression of TEFM was low.

Overall survival of colon cancer affected patients in-

also the when the expression of MTERF1 was high the
5 year survival probability was 57% where as 5 year
survival probability was 60 % when expression of
MTEF1 was low.
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Figure 5: Shows the survival curve analysis and the overall survival rate in COAD patients when the expression of TEFM
varies from high to low.
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Figure 6: shows the survival curve analysis and the overall survival rate in COAD patients when the expression of MTERF1
varies from high to low.
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6. Discussion

This research was performed using bioinformatics tools and
statistical datasets that were collected and used from the
TCGA database, a total of 350 samples data out of which 50
normal tissue samples and 300 patient tissue sample data
were taken from the database to analyze the mMRNA expres-
sion of different proteins associated with the mitochondrial
genome and mitochondrial transcription. Previous research
on MTERF1 and TEFM already show a promising result as
they can be used as prognostic biomarkers in different types
of cancer(43,44), but no prior art was found for their role in
colon adenocarcinoma.

According to the results that were found during this study;, it
can be inferred that the change in expression levels of
MTERF1 and TEFM are significantly co related to the over-
all survival rate in patients suffering from colon
adenocarcinoma, Possible explanation that can be given for
this kind of result is that the change in expression levels of
these regulatory factors of mitochondrial transcription may
be involved in some molecular process that might be im-
proving the overall status of normal cells as well as the
cancer cells. MTERF1 and TEFM both are invovled in regu-
lation of mitochondrial genome which is the primary source
of energy as the proteins produced by the mitochondrial ge-
nome are invovled in oxidative phosphorylation and hence
energy production, Because of the above state processes and
factors their might be a possible explanation for their sig-
nificant prognostic values in colon adenocarcinoma patients
which makes them probable early stage biomarkers that can
be used to predict the overall survival at early stages of co-
lon cancer.

The Present study only focuses on bioinformatics and statis-
tical analysis, and the conclusion of this study may require
additional biological experiments and analysis to accurately
justify the potential underlying molecular biology mecha-
nism.

7. Conclusion

7.1 Summary

The present study was conducted for finding the prognostic
roles of TEFM and MTERF1 in Colon cancer affected pa-
tients. TCGA database was used to download 350 samples
transcript per million data for analyzing the expression lev-
els of 50 normal colon tissue samples and 300 cancer
affected tissue samples , R studio, an open-source software
was used to build the heat-map and box-plots for visualiza-
tion and quantification of changes in mMRNA expression
levels of TEFM and MTERFL1 in which it was observed that
there were significant differences in expression levels of
MRNA expression for TERFM and MTERF1 between nor-
mal and cancer affected patients. The prognostic values
indicate that these genes can act as biomarkers for early
prognosis of colon cancer patients.

7.2 Evaluation

The results from the study show that the prognostic values of
MTERF1 and TEFM are significant and can be used as early
prognosis of colon cancer in COAD patients which was the
main objective of the present study.

7.3 Future work

The current study lacks a large number of patient data that
can be improved when the patient data will be available.
Increasing the sample size of the data might increase the
efficiency of the study done. Mitochondrial genome has al-
ways remain elusive when it is related to cancer and the
current study can be further done for more number of mito-
chondrial transcription factors in search for proper
biomarkers for early colon cancer prognosis which might
help in generating specific therapeutics against the mito-
chondrial transcription factors that will increase the overall
survival of cancer patients. Additional wet lab experiments
can be done for confirmed Prognostic values such as gene
knock out tests, RT-PCR tests and DNA micro array analy-
sis.

References

[1] World health organisation for research on caner, Medi-
cal centre homepage https://www.iarc.who.int/news-
events/colorectal-cancer-awareness-month-2021/,
(1965-2021)

[2] Haggar, F. A., & Boushey, Colorectal cancer epidemi-
ology: incidence, mortality, survival, and risk
factors. Clinics in colon and rectal surgery, 22(4),
191.(2009)

[3] Cancer.net, Doctor approved patient information web-
site homepage, https://www.cancer.net/cancer-
types/colorectal-cancer/statistics, (2005-201).

[4] Anand, P., Kunnumakara, A. B., Sundaram, C., Hari-
kumar, K. B., Tharakan, S. T., Lai, O. S.,, ... &
Aggarwal, B. B. Cancer is a preventable disease that
requires major lifestyle changes. Pharmaceutical re-
search, 25(9), 2097-2116.(2008)

[5] Balaban, R. S. Regulation of oxidative phosphorylation
in the mammalian cell. American Journal of Physiol-
ogy-Cell Physiology, 258(3), C377-C389.(1990).

[6] Hatefi, Y. The mitochondrial electron transport and
oxidative phosphorylation system. Annual review of
biochemistry, 54(1), 1015-1069.(1985).

[71 McCommis, K. S., & Finck, B. N. Mitochondrial py-
ruvate transport: a historical perspective and future
research directions. Biochemical journal, 466(3), 443-
454.(2015).

[8] Gilkerson, R., Bravo, L., Garcia, I., Gaytan, N.,
Herrera, A., Maldonado, A., & Quintanilla, B.The mi-
tochondrial nucleoid: integrating mitochondrial DNA
into cellular homeostasis. Cold Spring Harbor per-
spectives in biology, 5(5), a011080.(2013).

[9] Kasamatsu, H., & Vinograd, J. Replication of circular
DNA in eukaryotic cells. Annual review of biochemis-
try, 43(1), 695-719.(1974).

[10] Anderson, S., Bankier, A. T., Barrell, B. G., de Bruijn,
M. H., Coulson, A. R., Drouin, J., ... & Young, I. G.

Volume 11 Issue 7, July 2022

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR22716202821

DOI: 10.21275/SR22716202821

1140


https://www.iarc.who.int/news-events/colorectal-cancer-awareness-month-2021/
https://www.iarc.who.int/news-events/colorectal-cancer-awareness-month-2021/
https://www.cancer.net/cancer-types/colorectal-cancer/statistics
https://www.cancer.net/cancer-types/colorectal-cancer/statistics

International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2022): 7.942

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Paper ID: SR22716202821

Sequence and organization of the human mitochondrial
genome. Nature, 290(5806), 457-465.(1981).
Macreadie, I. G., Novitski, C. E., Maxwell, R. J., John,
U., Ooi, B. G., McMullen, G. L., ... & Nagley, P. Bio-
genesis of mitochondria: the mitochondrial gene (aapl)
coding for mitochondrial ATPase subunit 8 in Sac-
charomyces cerevisiae. Nucleic acids research, 11(13),
4435-4451.(1983).

Chomyn, A., Mariottini, P., Cleeter, M. W., Ragan, C.
I., Matsuno-Yagi, A., Hatefi, Y., ... & Attardi, G. Six
unidentified reading frames of human mitochondrial
DNA encode components of the respiratory-chain
NADH  dehydrogenase. Nature, 314(6012),  592-
597.(1985).

Kozhukhar, N., & Alexeyev, M. F. Limited predictive
value of TFAM in mitochondrial biogene-
sis. Mitochondrion, 49, 156-165.(2019).

Jiang, S., Koolmeister, C., Misic, J., Siira, S., Kuhl, I.,
Silva Ramos, E., ... & Larsson, N.G.TEFM regulates
both transcription elongation and RNA processing in
mitochondria. EMBO reports, 20(6), €4810.(2019).
Kihl, 1., Miranda, M., Posse, V., Milenkovic, D.,
Mourier, A., Siira, S. J., ... & Larsson, N.G.POLRMT
regulates the switch between replication primer forma-
tion and gene expression of mammalian
mtDNA. Science advances, 2(8), €1600963.(2016).
Kleine, T. Arabidopsis thaliana mTERF proteins: evo-
lution and functional classification. Frontiers in Plant
Science, 3, 233.(2012).

Roberti, M., Polosa, P. L., Bruni, F., Manzari, C., De-
ceglie, S., Gadaleta, M. N., & Cantatore, P. The
MTERF family proteins: mitochondrial transcription
regulators and beyond. Biochimica et Biophysica Acta
(BBA)-Bioenergetics, 1787(5), 303-311.(2009).

Guja, K. E., & Garcia-Diaz, M. Hitting the brakes:
termination of mitochondrial transcription. Biochimica
et Biophysica Acta (BBA)-Gene Regulatory Mecha-
nisms, 1819(9-10), 939-947.(2012).

Minczuk, M., He, J., Duch, A. M., Ettema, T. J., Chle-
bowski, A., Dzionek, K., ... & Holt, I. J. TEFM
(c1l70rf42) is necessary for transcription of human
mtDNA. Nucleic acids research, 39(10), 4284-
4299.(2011).

Posse, V., Shahzad, S., Falkenberg, M., Héllberg, B.
M., & Gustafsson, C. M. TEFM is a potent stimulator
of mitochondrial transcription elongation in vi-
tro. Nucleic acids research, 43(5), 2615-2624.(2015).
Hillen, H. S., Parshin, A. V., Agaronyan, K., Morozov,
Y. I, Graber, J. J., Chernev, A, ... & Temiakov, D.
Mechanism of transcription anti-termination in human
mitochondria. Cell, 171(5), 1082-1093.(2017).
Agaronyan, K., Morozov, Y. I., Anikin, M., & Temia-
kov, D. Replication-transcription switch in human
mitochondria. Science, 347(6221), 548-551.(2015).
Sun, S., Wu, C., Yang, C., Chen, J., Wang, X., Nan,
Y., ... & Ma, L.Prognostic roles of mitochondrial tran-
scription termination factors in non-small cell lung
cancer. Oncology letters, 18(4), 3453-3462.(2019)
Marmol, I., Sanchez-de-Diego, C., Pradilla Dieste, A.,
Cerrada, E., & Rodriguez Yoldi, M. J. Colorectal car-
cinoma: a general overview and future perspectives in
colorectal cancer. International journal of molecular
sciences, 18(1), 197.(2017)

[25]
[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Stewart, B. W., & Kleihues, P. (Eds.). World cancer
report.(2003)

Fearon, E. R., & Vogelstein, B. A genetic model for
colorectal tumorigenesis. cell, 61(5), 759-767.(2019)
Sieber, O. M., Heinimann, K., & Tomlinson, I. P. (Ge-

nomic instability—the engine of
tumorigenesis?. Nature reviews cancer, 3(9), 701-
708.(2003)

Lengauer, C., Kinzler, K. W., & Vogelstein, B. Ge-
netic instabilities in human

cancers. Nature, 396(6712), 643-649.(2005)
Cokkinides, V., Albano, J., Samuels, A., Ward, M. E.,
& Thum, J. M. American cancer society: Cancer facts
and figures. Atlanta: American Cancer Society.(2005)
Kemeny, N., & Braun Jr, D. W Prognostic factors in
advanced colorectal carcinoma: Importance of lactic
dehydrogenase level, performance status, and white
blood cell count. The American journal of medi-
cine, 74(5), 786-794.(1983)

Kannagi, R., Kitahara, A., Itai, S., Zenita, K., Shigeta,
K., Tachikawa, T., ... & Imura, H. Quantitative and
qualitative  characterization of human cancer-
associated serum glycoprotein antigens expressing epi-
topes consisting of sialyl or sialyl-fucosyl type 1
chain. Cancer research, 48(13), 3856-3863.(1998)
Levy, M., Visokai, V., Lipska, L., & Topolcan, O.
Tumor markers in staging and prognosis of colorectal
carcinoma. Neoplasma, 55(2), 138.(2008)

Ju, Y. S., Alexandrov, L. B., Gerstung, M., Martin-
corena, l., Nik-Zainal, S., Ramakrishna, M., ... &
ICGC Prostate Cancer Group. Origins and functional
consequences of somatic mitochondrial DNA muta-
tions in human cancer. Elife, 3, €02935.(2014)
Rogalinska, M. The role of mitochondria in cancer
induction, progression and changes in metabo-
lism. Mini reviews in medicinal chemistry, 16(7), 524-
530.(2016)

Wallace, D. C. Mitochondria and cancer. Nature Re-
views Cancer, 12(10), 685-698.(2012)

Montoya, J., Lopez-Gallardo, E., Diez-Sanchez, C.,
Lépez-Pérez, M. J., & Ruiz-Pesini, E. 20 years of hu-
man mtDNA pathologic point mutations: carefully
reading the pathogenicity criteria. Biochimica et Bio-
physica Acta (BBA)-Bioenergetics, 1787(5), 476-483.(
2006)

Barshad, G., Marom, S., Cohen, T., & Mishmar, D.
Mitochondrial DNA transcription and its regulation: an
evolutionary perspective. Trends in Genetics, 34(9),
682-692.(2018)

Chow, L. M., Endersby, R., Zhu, X., Rankin, S., Qu,
C., Zhang, J., ... & Baker, S. J. Cooperativity within
and among Pten, p53, and Rb pathways induces high-
grade astrocytoma in adult brain. Cancer cell, 19(3),
305-316.(2011)

Zi, J., Wang, W., Sun, M., Mei, W, Li, S, Li,B., ... &
Xiong, W. A high expression of MTERF3 correlates
with tumor progression and predicts poor outcomes in
patients with brain glioma. International journal of
clinical and experimental pathology, 12(5),
1909.(2009)

Chow, L. M., Endersby, R., Zhu, X., Rankin, S., Qu,
C., Zhang, J., ... & Baker, S. J. Cooperativity within
and among Pten, p53, and Rb pathways induces high-

Volume 11 Issue 7, July 2022

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

DOI: 10.21275/SR22716202821

1141



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2022): 7.942

[41]

[42]

grade astrocytoma in adult brain. Cancer cell, 19(3),
305-316.(2011)

Minczuk, M., He, J., Duch, A. M., Ettema, T. J., Chle-
bowski, A., Dzionek, K., ... & Holt, I. J. TEFM
(cl70rf42) is necessary for transcription of human
mtDNA. Nucleic acids research, 39(10), 4284-
4299.(2011)

Asin-Cayuela, J., Schwend, T., Farge, G. &
Gustafsson, C. M. The Human Mitochondrial Tran-
scription Termination Factor (nTERF) Is FullyActive
in Vitro in the Non-phosphorylatedForm. Journal of
Biological Chemistry, 280(27), 25499-25505.(2005)

Author Profile

Anupam Dalmia , MTech, BioTechnology

Dr Chanchal Goinka, BDS, MDS, Asst Professor, St
Joseph Dental College, Eluru, India

Paper ID: SR22716202821

Volume 11 Issue 7, July 2022

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

DOI: 10.21275/SR22716202821

1142





