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Review Article

ABSTRACT

This review highlights wound healing, evolution of cancer, and war on cancer. Wound healing
requires the proliferation and the terminal differentiation (TD) of progenitor stem cells (PSCs), which
are the precursors of cancer stem cells (CSCs).Healing wound is not a big deal. If the functionality of
chemo-surveillance is intact such as healthy people who can maintain a steady level of wound
healing metabolites functioning as differentiation inducers (DIs) and differentiation helper inducers
(DHIs).Wounds are always successfully healed without having to put up any effort, just to let the
nature to do the healing. Medications such as suture and antibiotics are subsidiary to speed up the
healing or to prevent infection. Acute wound affects the functionality of chemo-surveillance only
temporarily, which is quickly recovered to return to the normal state. It is the chronic wound such as
persistent infectious diseases or exposure to toxic chemicals including carcinogens for a long time
that produces damaging effect on the functionality of chemo-surveillance.Chronic wound prompts
the production of inflammatory cytokines to cause excessive urinary excretion of wound healing
metabolites to affect wound healing. Without sufficient wound healing metabolites to terminate the
proliferation of PCSs, it is very easy for PSCs to evolve into CSCs. It takes only a single hit to
silence TET-1 enzyme to complete the transition, which is well within the reach of PSCs equipped
with abnormally active methylation enzymes (MEs).CSCs can then progress to faster growing
cancer cells by the activation of oncogenes or the inactivation of suppressor genes. These are
exactly the processes that lead to myelodysplastic syndrome (MDS) and acute myeloid leukemia
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(AML). Cancer due to wound not healing properly is not unique to MDS and AML. It is rather a
common phenomenon. War on cancer can be easily won if the battle is conducted following the
nature’s course to heal the wound, just like the success of wound healing without having to put up
any effort in healthy people. Therefore, the best strategy to win the war on cancer is to restore the
functionality of chemo-surveillance by the employment of DIs and DHIs and to prevent the loss of
wound healing metabolites through anti-cachexia chemicals such as phenylacetylglutamine. Then
the nature will take its course to stop the proliferation of cells with abnormal MEs that include CSCs,
PSCs, and all cancer cells. Destruction strategy to kill cancer cells is definitely counter indication. It
creates more damages to the functionality of chemo-surveillance to stop the growth of cells with
abnormal MEs. Inability of destruction strategy to put away CSCs is a deciding factor to deny the
success of destruction strategy to win the war on cancer.

Keywords: Wound healing; Change to; evolution of cancer; war on cancer; chemo-surveillance;
abnormal methylation enzymes; differentiation inducers; differentiation helper inducers.

1. INTRODUCTION

Wound healing is closely related to the evolution
of cancer [1-2], because wound healing requires
the proliferation and the TD of PSCs, and the
evolution of cancer is due to the transition of
PSCs to become CSCs. Therefore, if wound is
successfully healed, then the transition of PSCs
to CSCs scan be avoid. But if wound is not
successfully healed, then the transition of PSCs
to CSCs is a very likely possibility. This review
examines the issues involved in wound healing
and the evolution of cancer. Wound healing is
not a big deal. Wounds are always successfully
healed without having to put up any effort in
healthy people. We can also rely on the same
successful wound healing processes to avoid
cancer and to win the war on cancer. On the
other hand, wounds may not be healed under
pathological conditions that result in the loss of
wound healing metabolites. Likewise, without the
help of wound healing metabolites, cancer
cannot be put away. Destruction strategy of
cancer therapy is following the course that fails
to heal the wound, which can never be able to
win the war on cancer.

2. WOUND HEALING

PSCs and CSCs are very much alike on cell
features and biological missions. It is very likely
that CSCs are originated from PSCs. In the
transition, TET-1 enzyme is silenced, which
marks the critical difference between PSCs and
CSCs [3-4]. PSCs are still able to carry out
differentiation programs, relying on TET-1
enzyme to achieve DNA hypomethylation
required for the cell to undergo TD [5]. The
differentiation capability of CSCs and cancer
cells is completely blocked. PSCs are the most

primitive cells to give rise to the organs or
tissues during embryonic development of the
fetus. A small portion of these primitive cells are
retained in the organs or tissues to meet the
need of expansion or the repair of damage.
PSCs and CSCs express ATP binding cassette
pumps that can effectively exclude toxic
chemicals [6], and have anti-apoptosis programs
that can negate apoptosis signals activated by
DNA damaging radiation [7]. PSCs and CSCs
normally reside dormantly in acidic and hypoxic
microenvironment hard to reach by the blood.
PSCs and CSCs express chemotactic receptors,
thus sensitive to signals calling for the expansion
or repair. MEs of PSCs are abnormal like cancer
cells due to the association with telomerase [8],
making differentiation hard to proceed.
Hindrance of differentiation may be a critical
mechanism to buildup cell mass for PSCs and
CSCs to repair the wound. The proliferation and
the TD of PSCs are the most important biological
processes for wound healing. Since we do not
know how to handle these biological processes,
we let the nature to take its course to heal the
wound. Wound incites biological response and
immunological response. The  biological
response involves the breakdown of membrane
bound phospholipid to release arachidonic acid
(AA) for the synthesis of prostaglandins (PGs)
[1], which are active DIs good for wound healing
to terminate the proliferation of PSCs [9].
Inability to terminate the proliferation of PSCs
always runs a risk for PSCs to evolve into CSCs
simply by a single hit to silence TET-1 enzyme,
which is well within the reach of PSCs equipped
with abnormal MEs, and then to progress to
faster growing cancer cells by the activation of
oncogenes or the inactivation of suppressor
genes. The immunological response prompts the
production of inflammatory cytokines which are
bad for wound healing. Among these cytokines,

14




tumor necrosis factor (TNF) is the most
damaging [10]. TNF causes the apoptosis of
unipotent stem cells on one hand, and causes
the symptom of cachexia on the other hand to
result in the collapse of chemo-surveillance,
which is a natural defense mechanism to prevent
the buildup of cells with abnormal MEs such as
PSCs and cancer cells [11]. The metabolites
responsible for chemo-surveillance are the
metabolites involved in wound healing [9,12].
Therefore, the perfection of wound healing is the
natural defense mechanism to avoid cancer [13].

Healing wound is not a big deal. Wounds are
always successfully healed without having to put
up any effort, just to let the nature to do the
healing. Medications such as suture and
antibiotics are subsidiary to speed up the healing
or to prevent infection. If chemo-surveillance is
intact such as healthy people who can maintain
a steady level of wound healing metabolites
functioning as DlIs and DHIs [11,12], then a spike
of PGs produced in response to wound can
promote perfect wound healing to avoid cancer.
Chemo-surveillance metabolites are made up by
DIs and DHIs. DIs are chemicals that can
eliminate telomerase from abnormal MEs and
DHls are chemicals inhibitory to the enzymes of

ternary MEs consisting of  methionine
adenosyltransferase ~ (MAT)-methyltransferase
(MT)- S-adenosylhomocysteine hydrolase

(SAHH) [14]. SAHH is a steroid hormone
receptor, very responsive to steroid hormones
and other growth factors. MEs of cells
expressing telomerase such as PSCs and
cancer cells are abnormal due to the association
with telomerase as above described [8]. The
abnormal MAT-SAHH isozyme pair display Km
values 7-fold higher than the normal isozyme
pair [8,14]. The higher Kmvalues enable cancer
cells to maintain larger pool sizes of S-
adenosylmethionine (AdoMet) and S-
adenosylhomocysteine (AdoHcy), which are the
reasons why abnormal MEs are exceptionally
stable because AdoMet can protect protein
against protease digestion [15]. Stable and
active MEs are essential for the promotion of
malignant growth. It has been shown by Chiba et
al. [16] that the pool sizes of AdoMet and
AdoHcy shrunk greatly when cancer cells were
induced to undergo TD. Thus, destabilization of
abnormal MEs is a critical mechanism to
terminate proliferation of cells with abnormal
MEs. Dls are more important than DHIs for the
induction of TD. DHIs are totally ineffective
without DlIs [17]. However, DHIs are also
essential for the completion of the induction of
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TD. TD induced by DIs alone is often incomplete
due to damages caused by DIs to interrupt
differentiation process [9,17]. The damages are
very likely due to the conversion of MTs into
nucleases when ternary MEs are destabilized to
dissociate into monomeric enzymes. Such
damages can be prevented in the presence of
DHls to achieve completion of TD. Completion of
TD is important for the therapy of cancer,
because the damages to interrupt differentiation
can be repaired to result in recurrence.Therefore,
combination of DIs and DHls is essential for the
formulation of good cell differentiation agents
(CDA).

The membrane hyperpermeability triggered by
wound is a necessary evil to allow the release of
DIs and DHls, which function as a brake to
prevent the proliferation of PSCs, from inside of
PSCs so that PSCs can proliferate to work on
the repair. Localized inflammatory response is
helpful for the wound healing. The very active
DIs of PGs synthesized definitely are the
nature’s design for the wound healing. PGs plus
sufficient chemo-surveillance metabolites are
good enough to heal the wound perfectly.
Although inflammatory cytokines are also
produced in the process, the bad effect of
cytokines is usually overwhelmed by the good
effect of wound healing metabolites. Therefore,
when the functionality of chemo-surveillance is
intact, the outcome is always perfect wound
healing. But if the functionality of chemo-
surveillance has been compromised due to
existing pathological conditions, then the bad
effect of TNF prevails to interfere TD of PSCs,
so that wound cannot be healed as expected.
PSCs keep on proliferating to evolve into CSCs
and then to faster growing cancer cells [13].

3. CANCER ARISES AS A
CONSEQUENCE OF WOUND NOT
HEALING PROPERLY

Acute wound affects chemo-surveillance only
temporarily, which is quickly recovered to return
to the normal state. It is the chronic wound such
as persistent infectious diseases or exposure to
toxic chemicals including carcinogens for a long
time that produces damaging effect on chemo-
surveillance to affect wound healing. This is
exactly the case of MDS. MDS often starts with a
display of an immunological disorder [18], which
prompts the production of inflammatory
cytokines. Among such cytokines, TNF is the
critical factor related to the development of MDS
[10]. It causes excessive apoptosis of bone
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marrow stem cells, thus severely affecting the
ability of the patient to produce hematopoietic
cells such as erythrocytes, platelets, and
neutrophils. TNF is also named cachectin,
because of its causation of cachexia symptom
commonly shared by cancer and inflammatory
patients. A characteristic disorder of cachexia is
the excessive urinary excretion of low molecular
weight metabolites because of vascular
hyperpermeability caused by TNF [19-20]. As a
consequence, chemo-surveillance  normally
operating in healthy people to keep PSCs in
check becomes dysfunctional, allowing PSCs to
buildup in order to replenish unipotent stem cells
wiped out by TNF. The high level of telomerase
in the peripheral and bone marrow leukocytes in
MDS patients is an indication of the widespread
multiplication of PSCs [21-22]. During the course
of MDS progression, mutations affecting
enzymes are frequently observed [23-25], which
may play significant roles on the evolution of
PSCs to become CSCs [26]. As anemia in MDS
patients  becomes  worse, chromosomal
abnormalities such as translocations and
deletions characteristic of cancer cells arise to
accelerate replication, eventually pushing MDS
patients to progress to AML [27-30].

Cancer due to wound not healing properly is not
unique to MDS and AML. It is rather a common
phenomenon. We have previously observed that
the protection of the integrity of chemo-
surveillance by Antineoplaston A10, namely
phenylacetylglutamine, could effectively prevent
chemical carcinogenesis [31-32], and achieve
effective therapy of early stage cancer [11].
These observations strongly support our
hypothesis that cancer arises due to wound not
healing properly [13]. We have also observed
that abnormal MEs were detectable in
preneoplastic hyperplastic nodules before the
appearance of carcinomas during chemical
hepatocarcinogenesis [33]. This was an
indication that carcinomas were derived from
cells expressing abnormal MEs in the
preneoplastic stage, which were very likely
PSCs. So the occurrence of human cancer and
experimental animal cancer all suggests that
cancer is originated from PSCs because of the
failure of wound healing.

4. WAR ON CANCER

President Nixon declared war on cancer in 1971
[34-35]. A presidential project is either to solve a
catastrophic national crisis such as the
Manhattan Project of President Roosevelt to
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develop atomic bomb to finish World War Il, or to
establish a monumental national honor such as
the Apollo Project of President Kennedy to send
the people to the moon and back. Apparently,
President Nixon considered solution of cancer a
monumental national honor to declare war on
cancer. It was a big challenge to the health
profession. But unfortunately the health
profession failed the challenge to put cancer
away during the 5 years of intensive presidential
support and the following 45 years of almost
entire national support allocated to cancer.
Destruction that includes cytotoxic
chemotherapy and radiation therapy was the
choice of cancer establishments to combat
cancer in the past but failed to put cancer away.
Destruction actually is inappropriate for the
therapy of a disease arising due to wound not
healing properly. It is following the course that
fails to heal the wound. It creates more wounds
to aggravate the already bad situation. It can Kill
sensitive cancer cells and stem cells, but the
damages it created promote the proliferation of
CSCs and PSCs to work on the repair. The end
result is to replace sensitive cancer cells with
tough untreatable CSCs and the buildup of
PSCs to evolve into additional cancer. The
transition of the tumor to one containing
predominantly CSCs is now thought to be a
primary course of treatment failure [36-40]. Many
biological characteristics that enable cancer
progression are attributable to CSCs, including
angiogenesis, metastasis, and drug resistance.
Early stage patients may benefit if the treatment
does not fatally damage chemo-surveillance.
The recovered chemo-surveillance capability
may still be able to subdue CSCs which
destruction therapy definitely cannot put away.
There is no hope for the cure of advanced
patients. The inability to put away CSCs and the
contribution to destroy chemo-surveillance lay
the ground for inevitable recurrence and fatality
even the patients are fortunate to achieve
complete remission. So cancer mortalities
remain at old time high worldwide. Obviously,
killing the majority of sensitive cancer cells
cannot win the war on cancer. Some
modifications must be done. Modifications to
include agents effective on CSCs and to restore
chemo-surveillance are very urgent to eliminate
the deficiency of destructive agents to win the
war on cancer [2,12,34-35,41-42].

War on cancer can be easily won if the battle is
conducted following the nature’s course to heal
the wound, just like the success of wound
healing without having to put up any effort in
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healthy people. The key to the success of wound
healing is the completion of TD of PSCs, which
can be achieved with sufficient wound healing
metabolites functioning as DIs and DHiIs to
destabilize ~ abnormal MEs.  Apparently,
metabolites involved in wound healing are
readily accepted into PSCs and CSCs protected
by drug resistance mechanisms, which are most
suitable agents for the termination of cells with
drug resistance mechanisms. The success of
cancer therapy depends greatly on the
eradication of CSCs [35,42]. At present wound
healing metabolites are the best hope to win the
war on cancer [2,12,17].

5. CDA-2 AS A PERFECT CANCER DRUG

Perpetual cell replication is the hallmark of
cancer. There are multiple issues involved to
make cancer cells to replicate perpetually: the
breakdown of cell membrane to become
hyperpermeable because of destruction insults
due to accidental injuries, surgery, infections, or
toxic chemicals including carcinogens; the
breakdown of chemo-surveillance due to
membrane hyperpermeability sustained because
of destruction insults to manifest cachexia
symptom leading to the collapse of chemo-
surveillance; the failure of wound healing due to
the collapse of chemo-surveillance resulting in
the evolution of PSCs to become CSCs; and the
activation of oncogenes or inactivation of
suppressor genes to progress to faster growing
cancer cells. A perfect cancer drug must be the
one that can resolve all issues involved in the
evolution of cancer. CDA-2 is such a perfect
cancer drug. CDA-2 was the invention of Liau
[43], which was a preparation of natural wound
healing metabolites purified from freshly
collected male urine of college students by
reverse phase chromatography employing XAD-
16 as the adsorbent. It contains AA as a major
DI, pregnenolone, steroid metabolites, and
uroerythrin as DHIs, and phenylacetylglutamine
as an active anti-cachexia chemical [12,43]. Dls
and DHls solve the blockade of differentiation to
promote TD of cancer cells. By promoting TD, it
also put to rest the issues of oncogenes and
suppressor genes. Afterall oncogenes and
suppressor genes are cell cycle regulatory
genes. These genes have important roles to play
when cells are in cell cycle replicating. But if
replicating cells have exited cell cycle to undergo
TD, they have no roles to play. Therefore,
induction of TD is an easy solution of gene
abnormalities which are otherwise very difficult
to solve. Phenylacetylglutamine takes care of
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cachexia problem to prevent the loss of
surveillance metabolites. So CDA-2 can take
care of all important issues contributing to the
development of cancer to qualify as a perfect
cancer drug.

CDA-2 has been approved by the Chinese FDA
for the therapy of MDS in 2017. MDS is a
disease attributable entirely to CSCs [26]. In
comparison to vidaza and decitabine, the two
drugs approved by the FDA of USA, CDA-2 has
a slightly better therapeutic efficacy based on
cytological evaluation, and marked better
therapeutic efficacy based on hematological
improvement evaluation [2,44]. Cytological
evaluation is based on the assessment of
circulating cancer cells, and hematological
improvement evaluation is based on the
requirement of blood transfusion. Additionally,
CDA-2 is devoid of serious adverse effects,
whereas vidaza and decitabine are proven
carcinogens [45], and very toxic to DNA [46-48].
Obviously, CDA-2 is the drug of choice for the
therapy of MDS.

The therapeutic endpoint of CDA formulations is
the TD of cancer cells. This endpoint is the same
endpoint for the evaluation of hematological
cancers undergoing destruction therapy. There
is no problem for the acceptance of CDA-
formulations for the therapy of hematological
cancers. As for the therapy of MDS, these
preparations should be considered as the
standard of care, because the therapy of MDS
requires the differentiation of pathological CSCs
to become functional cells. The acceptance of
CDA-formulations for the therapy of solid tumors
is a problem, because the evaluation of the
therapeutic  endpoint is not available.
Disappearance of tumor mass is not a valid
therapeutic endpoint for CDA formulations. At
present, they can be accepted for the therapy of
untreatable cancers enriched with CSCs such as
malignant brain tumors, pancreatic cancer, and
melanoma. But for other more popular cancers,
we can only hope to use CDA formulations as
complementary therapy to assist whatever
destruction therapy cannot accomplish such as
the problems of CSCs, membrane
hyperpermeability, cachexia, and chemo-
surveillance. If surviving tumor mass is a fearful
concern, combination therapy may be a solution.
A combination with surgery is a perfect
combination. Surgery to remove surviving tumor
mass can eliminate fearful concern, and the
application of CDA formulations can assure
quick recovery of the surgical wound and the
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prevention of possible metastasis. Treatment
alternately with cytotoxic chemotherapy may be
another winning combination for both, relying on
cytotoxic drugs to eliminate tumor mass and
CDA-formulations to eradicate CSCs and to
restore chemo-surveillance. The combination
with immunotherapy may be another winning
combination. CSCs are PSCs minus TET-1
enzyme [3-4]. The immunity of CSCs is almost
the same as that of PSCs, which is tolerable to
the immune system. So even a successful
immunotherapy is developed for cancer therapy,
it may need CDA formulations to subdue CSCs.
Therefore, CDA formulations are
very helpful to assist other therapies to win the
war on cancer.

6. CONCLUSION

Wound healing requires the proliferation and the
TD of PSCs which are the precursors of CSCs. It
takes only a single hit to silence TET-1 enzyme
to convert PSCs to CSCs, which is well within
the reach of PSCs equipped with abnormally
active MEs. Therefore, the success of wound
healing is very critical to avoid the evolution of
cancer. Healthy people produce a steady level of
chemo-surveillance metabolites active as Dls
and DHls, which are actually wound healing
metabolites to ensure the success of wound
healing. Wound healing metabolites acts on
abnormal MEs to promote TD. When the
functionality of chemo-surveillance is intact,
wound healing can always be assured to avoid
cancer. But if the functionality of chemo-
surveillance is damaged due to chronic wound
causing excessive urinary excretion of wound
healing metabolites, then it is very likely that
wound cannot be healed properly to let the
proliferation of PSCs to continue beyond what is
necessary to complete wound healing and to
evolve into CSCs and then to progress to more
faster growing cancer cells. The perfection of
wound healing by the employment of wound
healing metabolites active as DIs and
DHIs and the prevention of the loss of wound
healing metabolites with anti-cachexia chemicals
such as phenylacetylglutamine is the best
strategy to win the war on cancer. Destruction
strategy to kil cancer cells definitely is
inappropriate for cancer therapy. It creates more
wounds to further damage the functionality of
chemo-surveillance to the extent beyond
restoration. Its inability to eradicate CSCs is a

deciding factor to deny the success of
destruction strategy to win the war on
cancer.

Liau and Baker; IRJO, 4(3): 13-20, 2021; Article no.IRJO.67693

DISCLAIMER

The products used for this research are
commonly and predominantly use products in
our area of research and country. There is
absolutely no conflict of interest between the
authors and producers of the products because
we do not intend to use these products as an
avenue for any litigation but for the advancement
of knowledge. Also, the research was not funded
by the producing company rather it was funded
by personal efforts of the authors.

CONSENT

It is not applicable.

ETHICAL APPROVAL

It is not applicable.
COMPETING INTERESTS

Authors have declared
interests exist.

that no competing

REFERENCES

1. Ho ATV, Palla AR, Blake MR, Yual ND, et
al. Prostaglandin E2 is essential for
efficacious skeletal muscle stem cell

function, augmenting regeneration and
strength. Proc Natl Acad Sci USA.
2017;114:6675-6684.

2. Liau MC, Kim JH, Fruehauf JP.

Destabilization of abnormal methylation
enzymes to combat cancer: Nature’s
choice to win the war on cancer. Lambert
Academic Publishing. 2020;978-620-2-
66889-7.

3. Kudo Y, Tateishi K, Yamamoto K,
Yamamoto S, et al. Loss of 5-
hydroxymethylcytosine is accompanied
with  malignant cellular transformation.
Cancer Sci. 2012;103(4):670-676.

4. Ficz GM, Giben JG. Loss of b5-
hydroxymethylcytosine in cancer: Cause
or consequence? Genomics.
2014;104(5):352-357.

5. Liau MC, Lee SS, Burzynski SR.

Hypomethylation of nucleic acids: A key to
the induction of terminal differentiation. Intl
J Exptl Clin Chemother. 1989;2:187-199.
6. Zhou S, Shultz JD, Bunting KD, Calapietro
KM, et al. The ABC transporter
Bcrp/ABCG2 is expressed in a wide
variety of stem cells and is a molecular

18



10.

11.

12.

13.

14.

15.

16.

17.

determinant of the side population

phenotype. Nat Med. 2001;7(9):1028-1034.

Zhang M, Atkinson RI, Rosen JM.
Selective targeting of radiation resisting
tumor initiation cells. Proc Natl Acad Sci
USA. 2010;107(8):3522-3527.

Liau MC, Zhuang P, Chiou GCP.
Identification of the tumor factor of
abnormal methylation enzymes as the
catalytic subunit of telomerase. Chin Oncol
Cancer Res. 2010;7(2):86-96.

Liau MC, Kim JH, Fruehauf JP.
Arachidonic acid and its metabolites as
surveillance differentiation inducers to
protect healthy people from becoming
cancer patients. Clin PharmacolToxicol
Res. 2021;4(1):7-10.

Boula A, Voulgarelis M, Grannouli S,
Katrinakis G, et al. Effect of cA2 antitumor
necrosis factor-a antibody therapy on
hematopoiesis of patients with
myelodysplastic syndromes. Clin Cancer
Res. 2006;12(10):3099-3108.

Liau MC, Szopa M, BurzynskiB, Burzynski
SR. Chemo-surveillance: A novel concept
of the natural defense mechanism against
cancer. Drug Exptl Clin Res.
1987;13(Suppl 1):77-82.

Liau MC, Fruehauf PA, Zheng ZH,
Fruehauf JP. Development of synthetic
CDA formulations for the prevention and
therapy of cancer via targeting of cancer
stem cells. J Cancer Stu Ther.
2019;4(1):1-19.

Liau MC, Baker LL. Cancer arises as a
consequence of wound not healing
properly. Thus, perfection of wound
healing must be the most appropriate
strategy to win the war on cancer. Adv
Complement Alt Med. 2021;6(2):ACAM
000637.2021.

Liau MC, Chang CF, Saunder GF, Tsai YH.

S-Adenosylhomocysteine hydrolases as
the primary target enzymes in androgen
regulation of methylation complexes. Arch
Biochem Biophys. 1981;208:262-272.

Prudova A, Bauman A, Braun A, Vitvitsky
V, et al. S-Adenosylmethionine stabilize -
cystathionase and modulate redox capacity.

Proc Natl Acad Sci USA.
2006;103(17):6489-6494.
Chiba P, Wallner C, Kaizer E. S-

Adenosylmethionine metabolism in HL-60

cells: Effect of cell cycle and differentiation.

Biochim Biophys Acta. 1988;971(1):38-45.
Liau MC, Kim JH, Fruehauf JP.
Potentiation of ATRA activity in HL-60

Liau and Baker; IRJO, 4(3): 13-20, 2021; Article no.IRJO.67693

19

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

cells by targeting methylation enzymes.
Pharmacol Pharmaceu Pharmacovigi.
2019;3(1):9-17.

Williamson PJ, Kruger AR, Reynolds PJ,
Hamblin TJ, et al. Establishing the
incidence of myelodysplastic syndromes.
Br J Haemato. 1994;87(4):743-745.

Itkin T, Rafii S. Leukemia cells "gas up”
leaky bone marrow blood vessels. Cancer
Cell. 2017; 32(3):276-278.

Passaro D, Di Tullio A, Abarrategi A,
Rouault-Pierre K, et al. Increased vascular
permeability in the bone marrow
microenvironment contributes to disease
propression and drug response in acute
myeloid leukemia. Cancer Cell.
2017;32(3):324-341.

Counter CM, Gupta J, Harley CB, Leber B,

et al. Telomerase activity in normal
leukocytes and hematological
malignancies. Blood. 1995;85(9):2315-
2320.

Fu C, Chen Z. Telomerase activity in
myelodysplastic syndrome. Chin Med J
(Eng). 2002;115(10):1475-1478.

Larsson CA, Cote G, Quintas-Cardama A.
The changing mutational landscape of
acute myeloid leukemia and
myelodysplastic syndrome. Mol Cancer
Res. 2013;11(8):815-827.

Papaemmanuil E, Gerstung M, Malcovati
L, Tauro S, et al. Clinical and biological
implication of driver mutations in
myelodysplastic syndromes. Blood.
2013;124(17):2705-2712.

Kennedy JA, Ebert BL. Clinical implication
of genetic mutations in myelodysplastic
syndrome. J Clin Oncol. 2017;35(9):967-
974.

Woll PS, Kjallquist U, Chowdhury O,
Doolittle H, et al. Myelodysplastic
syndromes are propagated by rare and
distinct human cancer stem cells in vivo.
Cancer Cell. 2014;25(6):794-808.

Maeck L, Haase D, Schoch C, Hiddemann
W, et al Genetic instability in
myelodysplastic syndrome: detection of
microsatellite instability and loss of
heterozygosity in bone marrow sample
with karyotype alteration. Br J Haemato.
2000;109(4):842-846.

Xie D, Hefmann KW, Mori N, Miller CW.
Allotype analysis of the myelodysplastic
syndrome. Leukemia. 2001;14:805-810.
Kuramoto K, Ban S, Oda K, Tanaka H, et
al. Chromosomal instability and
radiosensitivity in myelodysplastic



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

syndrome. Leukemia. 2002;16(11):2253-
2258.

Takada A, Goosby C, Yaseen NR.
NUP98-HOXA9 induces long term
proliferation and blocks differentiation of

primary human CD34+ hematopoietic cells.

Cancer Res. 2006;66(13):6628-6637.
Kampalath BN, Liau MC, Burzynski B,
Burzynski SR. Chemoprevention by
Antineoplaston A10 of benzo-a-pyrene-
induced pulmonary neoplasia. Drug Exptl
Clin Res. 1987;13(Suppl. 1):51-56.
Kampalath BN, Liau MC, Burzynski B,
Burzynski SR. Protective effect of
Antineoplaston Al10 in
hepatocarcinogenesis induced by aflatoxin
B1l. Intl J Tiss React. 1990;12(Suppl.):43-
50.

Liau MC, Chang CF, Becker FF. Alteration
of S-adenosylmethionine  synthetases
during chemical hepatocarcinogenesis and
in resulting carcinomas. Cancer Res.
1979;39:2113-21109.

Liau MC, Fruehauf JP. It has been half a
century since President Nixon declared
war on cancer: Destabilization of abnormal
methylation enzymes has the blessing of
the nature to win the war on cancer. Adv
Complement Alt Med.
2020;6(1):ACAM.000630.2020.

Liau MC, Baker LL. Eradication of cancer
stem cells to win the war on cancer. Nov
Res Sci. 2021;6(5):NRS.000647,2021.
Jordan CT, Guzman ML, Noble M. Cancer
stem cells. N Eng J Med.
2006;355(12):1253-1261.

Vermueulen L, Sprick MR, Kemper K,
Strassi G, et al. Cancer stem cells-old
concepts, new insights. Cell Death Differ.
2008;15(6):947-958.

Zabierowski SE, Herlyn M. Melanoma
stem cells the dark seed of melanoma. J
Clin Oncol. 2008;26(17):2890-2894.
Hemmings C. The elaboration of a critical
framework for understanding cancer: the
cancer stem cell hypothesis. Pathology.
2010;42(2):105-112.

Magee JA, Piskounova E, Morrison SJ.
Cancer stem cells: Impact, heterogeneity,

Liau and Baker; IRJO, 4(3): 13-20, 2021; Article no.IRJO.67693

41.

42.

43.

44.

45.

46.

47.

48.

and uncertainty. Cancer Cell.
2012;21(3):283-296.

Liau MC, Fruehauf JP. Restoration of the
chemo-surveillance capability is essential
for the success of chemotherapy and
radiotherapy to put cancer away. Adv
Complement Alt Med. 2019;
5(4):ACAM.000617.2019.

Liau MC, Fruehauf JP. The winner of the
contest to eradicate cancer stem cells
wins the contest of cancer therapies: The
winner is cell differentiation agent
formulations. Adv Complement Alt Med.
2020;5(4):ACAM.000620.2020.

Liau MC. Pharmaceutical composition
inducing cancer cell differentiation and the
use for treatment and prevention of cancer
thereof. US Patent. 2007;7232578B2.

Ma J. Differentiation therapy of malignant
tumor and leukemia. CSCO Treaties on
the Eduction of Clinical Oncology.
2007;480-486.

Prassana P, Shack W, Wilson VI, Samid D.
Phenylacetate in chemo-prevention of 5-
aza-2’-deoxycytidine induced
carcinogenesis.  Clin Res.
1995;1(18):865-871.

Palii SS, van Emburgh BO, Sankpal UT,
Brown KD, et al. DNA methylation inhibitor
5-aza-2’-deoxycytidine induced reversible
DNA damages that is distinctly influenced
by DNA methyltransferase 1 and 3B. Mol
Cell Biol. 2008;28(2):752-778.

Kizietepe T, Hideshima T, Catley I, Raje N.
5-Azacytidine, a DNA methyltransferase
inhibitor, induces ATR-mediated DNA
double strand break responses, apoptosis,
and synergistic cytotoxicity with
doxorubicine and bortezomib against
multiple myeloma cells. Mol Cancer Ther.
2007;6(6):1718-1727.

Yang Q, Wu F, Wang F Cai K, et al.
Impact of DNA methyltransferase inhibitor
5-aza-cytidine on cardiac development of
zebrafish in vivo and cardiomyocyte
proliferation, apoptosis, and the
homeostasis of gene expression in vitro. J
Cell Biochem. 2019;120(10):17459-17471.

Cancer

© 2021 Liau and Baker; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle4.com/review-history/67693

20


http://creativecommons.org/licenses/by/4.0

