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Abstract:- Hematological cancers are a major cause for
the growing of mortality rate in patients worldwide.
Myeloid and lymphoid malignancies are the main
subtypes of blood cancers, and the distribution of them is
different according to the geographical details. However,
a considerable global population is affected by these
cancers and it is essential to find some blood indicators
specific for the subtypes of myeloid and lymphoid
cancers. The availability of such blood markers helps to
early diagnosis, treatment monitoring and grading of a
cancer. Expression of some receptors on normal and
diseased blood cells help the purpose as an indicator.
Tyrosine protein Kinase kit (C Kit) / Ligand-Stem Cell
Factor (SCF) systems are responsible for the
hematopoietic cell proliferation, cell survival and certain
intracellular activities that takes place in the normal
condition. C Kit receptor also shows a co expression with
similar tyrosine kinase receptors which has same
functions. In this review, we study the presence of C Kit
(CD 117) on blood cells in hematological cancers to
investigate the possibility of using C Kit/SCF systems for
novel drug targets for them.

Keywords:- C Kit System, SCF, Hematological Cancers,
Blood Indicators.

I INTRODUCTION

A. What are the hematological malignancies?

Hematological malignancies are group of clinically
and biologically heterogeneous cancers that affect the blood,
bone marrow (BM) and lymphatic system. The three main
clinical presentations of HM include Leukemia, lymphoma,
and multiple myeloma [01,02]. In view of clinical
heterogeneity, affected individuals need proper treatments
and  therapeutic  care.  Comparably, biologically
heterogeneous disease confines those individuals where
different molecular pathologies give rise to distinct disease
characteristics, i.e. Molecular level changes, molecular
mediated resistance to treatments and abnormal biomarker
expression [02].
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Bone marrow is the place where normal hematopoietic
stem cells differentiate into cells of the myeloid or lymphoid
lineage. In the process of myelopoiesis granulocytes,
monocytes, mast cells, erythrocytes and thrombocytes
differentiate from myeloid precursor cells. Likewise, in the
lymphocytopoiesis T cells, B cells, Natural Killer (NK) cells
and plasma cells are produced by the lymphoid precursors.
In majority of the HM, bone marrow is the primary site
where the tumor begins and confines with peripheral blood
and lymphoid organs; spleen and lymph nodes [01].

According to The World Health Organization (WHQO)
classification of hematological neoplasms, two main
categories are determined based on affected lineages as
myeloid and lymphoid neoplasms. Further each cell lineage
account for variable diseases [02, 03]. Within each category,
diseases are defined according to specific characteristics of
cell morphology, immunophenotype, genetic features, and
clinical presentations [03]. According to 2017 statistics
reported in the United States, among all cancers
approximately 10.2% was recorded as hematological
malignancies [01, 04].

B. Myeloid Cancers

Myeloid malignancies are clonal diseases of
hematopoietic stem or progenitor cells that can be present in
the bone marrow and peripheral blood [05]. According to
French- American-British (FAB) classification, three types
of myeloid cancers are identified: acute myeloid leukemias,
myelodysplastic ~ syndromes, and  myeloproliferative
disorders based on the characteristics of the blast cell count,
lineage involvement, and the differentiation ability of the
neoplastic cells which are diagnosed by morphologic,
cytochemical, and immunophenotypic methods [03].

In the clinical set up both acute and chronic stages of
Myeloid malignancies can be found. Around 80% of Acute
myeloid leukemia (AML) can lately transform into a chronic
stage which are diagnosed as myeloproliferative neoplasms
(MPN), myelodysplastic syndromes (MDS) and chronic
myelomonocytic leukemia (CMML). Further based on
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cytogenetics and phenotypic characteristics, AMLs can be
differentiated into AML with favorable, intermediate, and
unfavorable. MPNs are a collective of four different cancers
such as chronic myeloid leukemia (CML), polycythemia
vera (PV), essential thrombocythemia (ET) and primary
myelofibrosis (PMF) [06,07].

C. Epidemiological survey on myeloid cancers

Acute myeloid leukemia (AML) is the most common
acute leukemia in adults. It accounts for around 80 percent
of cases in adults and in children aged below 10 years AML
results for less than 10 percent. Prevalence of AML results
in about 1.3 per 100,000 under age 65 years and about 12.2
per 100,000 over 65 years. In accordance with age acute
myeloid leukemia in the years from 1975-2003 was 3.7 per
100,000 persons [05].

Apart from myeloid malignancies CML is the most
abundant hematological cancer in Asia, but its occurrence
may be lower than the reported cases in US [08]. Treatment
methods for CML in Asia have altered intensely over the
past years, and patients can anticipate extended median
survival [09]. However, it is rational to assume that the
combined age-adjusted incidence rate for all myeloid
malignancies in the U.S. is less than 15 per 100,000
individuals, depending on the reported incidence of myeloid
malignancies in general. [05].

Individual occurrence rates have not been published
for each type of myeloid neoplasm. For 2006-2010, the age-
adjusted combination incidence rate for MDSs, MPNs and
chronic myelomonocytic leukemia was 7.8 per 100,000
individuals. All other myeloid malignancies are very rare,
and their precise incidence is not primarily present.
Considerably all other myeloid malignancies are very rare,
and their exact incidence is not knowing currently. There is
a high predictability of CML occurrence rates of 0.6-2.0
cases per 100,000 populations, according to the SEER
database, data extracted from nine separate records of
around 26.5 million populations covering almost 10-14
percent of the total. The prevalence of CML rises with age
and is more common in men than in women: the male-to-
female ratios differ from 1.3 to 1.8 [10].

D. Lymphoid malignancies

Lymphoid malignancies are a cluster of cancers
deriving from lymphatic system [11, 12,13,14] which has
the responsibility to fight with infections and produce body
immunity. Lymph nodes, spleen, bone marrow and thymus
are included in lymphatic system and in addition to these
regions, other organs in the body are capable to be affected
by a lymphoid cancer known as lymphoma. The cause of the
disease is unknown in some types of lymphomas. Aging,
being a male, having a weak immune system and some
infections are considered as risk factors for the lymphomas
[14,15]. In most cases, genetic mutation can occur in
lymphocytes that can trigger rapid multiplying. Therefore,
the amount of abnormal, ineffective lymphocytes is
increased and accumulate in lymphatic system and other
organs causing swelling of organs. Swollen lymph nodes,
fever, night sweating, weight loss and tiredness are the
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common symptoms of lymphoma [14]. Hodgkin lymphoma,
Non-Hodgkin lymphoma, skin lymphomas and waldenstrom
macroglobulinemia are the major types of lymphomas [12].

According to the recent criteria of world health
organization (WHO), lymphoma is categorized into more
than 40 sub types [13]. Main two types of lymphoid cancers
are Hodgkin lymphoma (HL) and Non-Hodgkin lymphoma
(NHL) [16]. NHL is the most abundant type of lymphoma
and it is divided into B cell origin and T cell origin since the
B cell lymphomas are abundant [17].

E. Epidemiological survey on lymphoid malignancies

Lymphoma is a leading cancer type throughout the
world, and it has taken more than 3% from all type of
cancers worldwide [18]. It was found that the rate of
occurring lymphoid malignancies has been increasing by 3%
to 4% during past four decades whole over the world [15].
Prevalence of lymphoma demonstrates a conspicuous
ecological distribution [18]. Especially NHL is most
abundant in industrialized countries than in developing
countries [19]. Highest incidence rate of NHL is shown in
Israel, Zimbabwe, Canada, Australia, and New Zealand in
2018 [20].

Lymphoma is the 7" leading cancer type in Sri Lanka
and lifetime risk is 0.363 as a percentage (per 100 persons).
From all cancers occurred in male population in year 2010,
5% were lymphoma and it is 3% for females. Some age
groups are prominently affected by lymphoid cancers.
Lymphoma is the secondly highest cancer in the 0 — 14years
age group of male while it was in sixth place for female.
Lymphoid malignancies are the most abundant cancer type
in 15- 34 age group of male while it was in fifth place for
females in same age group [21].

1. IMPORTANCE OF BIOMARKERS FOR
CANCERS

The modern style of medicine is to detect biomarkers
for a particular disease or disease states. A biomarker is a
quantifiable indicator that relates to a specific biological or
disease state. It is widely being used for an initial finding,
categorization and staging of diseases to assign patients for
targeted treatments, to monitor treatment response, and to
detect disease recurrence. Biomarkers could be detected in
the blood, other fluids, tissues and measured serially could
provide a real-time assessment of a patient’s disease and
response to treatment. Therefore, biomarkers specific
diseases look likely to become one of the major driving
forces in the pharmaceutical research and drug development
[22, 23].

. INTRODUCTION ON C KIT/SCF SYSTEM

C kit (CD 117) is a transmembrane protein a member
of tyrosine kinase family as FLT3 [ 24,25]. This receptor is
present on different cells including immature hematopoietic
cells, mast cells and melanocytes [26]. It regulates more
functions as cell proliferation, differentiation, and natural
cell death. Further, this receptor plays a major role in tumor
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occurrence, development, migration, and recurrence [27,28].
Stem cell factor (SCF) is the ligand which activates C Kit
receptor [25,29,30] and this ligand is available in both
membranes bound and soluble forms. SCF can activate itself
alone and with other growth factors [31]. After binding to
the C kit receptor, receptor-ligand complex mediates more
functions especially the early hemopoiesis [27,32].

A. C kit (CD 117) and myeloid cancers

Some cancers express the abnormal activation and
mutations in the C kit/SCF system [33]. C kit expression
was detected in most leukemic cells [34]. Strong CD117
expression was detected in acute promyelocytic leukemia
which is a subtype of AML [35,36]. C Kit was expressed in
most AML and myelodysplastic syndromes and little
number of ALL patients in the study group [37]. Advani
(2006) has studied that C kit was expressed on 10% blasts of
most AML and relapsed AML cases while the receptor
activates cell proliferation and anti-apoptotic activity [38].
The study done by Hans et al. (2002) found some important
information on C kit receptor using flowcytometric analysis
of 150 AML cases and stated that the receptor CD117 is a
specific marker for AML [39].

B. C Kit (CD 117) and Lymphoma

It has been suggested that lymphoid and myeloid
lineage cells may express C Kit restricted to presence of
antigen on lymphoid lineage; Natural Killer cells and T cell
precursor cells [34,40]. However, Ling et al. (2009) have
revealed that the presence of C Kit in higher amount of
immature B cells while they get reduced with the cell
proliferation [41]. Especially, the interaction between C kit
and SCF causes major role in early lymphopoiesis while
SCF helps to mature T thymocytes [42]. In addition to that,
by sequencing of fifty oncogenes in three cases of primary
mediastinal lymphoma, a subtype of diffuse large B cell
lymphoma, two cases have expressed the C kit mutation and
it was confirmed by Sanger sequencing [43]. It was
observed that lymph nodes in Hodgkin lymphoma express
the C kit and degenerative large cell lymphoma a type of
Non-Hodgkin lymphoma has expressed the receptor in
lymph nodes [44,45].

C. C Kit/SCF system activity with other receptors

It was mentioned that FLT3 (CD135) and C Kit (CD
117) have a co expression ability [46]. The similarity of
FLT3 (CD135) and C Kit (CD 117) is they are members of
tyrosine kinase Ill family and both receptors are in same
structure [46,47]. FLT3 and C Kit antigens have shown a co
expression on acute myeloid leukemia blasts by
flowcytometry; study done in Iran. The results of their study
have proved that the expression of CD135 and CD117 are
77.3% and 84.8%. From that expression, 68.2% was co
expressed [46]. Sharawat et al. (2013) also detected the
more than 20% co expression of both CD117 and CD135 on
most of the myeloblasts. Only few studies are available to
find the co expression of mentioned receptors [47].
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V. CONCLUSION

It is right time to study the new hemopoietic systems
or the systems that synergizes and antagonizes them as it
opens eyes to study the abnormal mechanisms leading to
new drug targets. In this review an attempt has been made to
summarize the role of C Kit/SCF System on hematological
malignancies. This information should be of value for better
understanding of current trends and future perspectives of
research in leukemia and lymphoma.
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