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Abstract- Blood is a good source to measure certain hematological profile which includes Hemoglobin quantity, Total
Leucocyte Count (TLC) and Differential Leucocyte Count (DLC) which reflects the alterations of certain biochemical and
molecular pathways. Hematological profiles are fluctuating during normal and pathogenesis conditions and can also be
correlated with development of carcinogenesis. The mean sample hemoglobin level is 8.93 gm/dL, which is significantly
lower (¢=0.05) than the control hemoglobin value (14.1 gm/dL). The mean sample TLC level is 23,914 per puL, which is
significantly higher («=0.05) than the control value (8,512 per pL). The mean sample neutrophil level is 20,582 per pL,
which is significantly higher (¢=0.05) than the control value (6,431 per pL). The mean sample lymphocyte count level is 681
per uL, which is significantly lower (¢=0.05) than the control value (1,516 per pL). These alterations may lead to development
of carcinogenesis or results due to carcinogenesis and may increase as cancer progresses through successive advanced
stages and can be used to establish correlation between extent of alterations and stages of cancer development.
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INTRODUCTION

Cancer is abnormal and uncontrolled proliferation of
cells, which results into different hematological changes,
which may include Total Leucocyte Count (TLC),
Differential Leucocyte Count (DLC) and Hemoglobin
quantity alteration during carcinogenesis and can be one
of the basis for cancer risk assessment. Disruption of
epigenetic processes can lead to altered gene function and
malignant cellular transformation. Recent advancements
in the rapidly evolving field of cancer epigenetics have
shown extensive reprogramming of every component of
the epigenetic machinery in cancer including DNA
methylation, histone modifications, nucleosome positioning
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and non-coding RNAs, specifically microRNA expression'.
Global hypo methylation is a common epigenetic process
in cancer (especially colon cancer), which may
progressively evolve during multistage carcinogenesis.?
Over-erosion of telomeres or telomere dysfunction in very
early stages of cervical tumorigenesis might fuel
transformation processes by driving chromosomal
instability.?

Hematological malignancy is found to be associated
with impaired antioxidant defense system (glutathione
peroxidase and superoxide dismutase) which is correlated
with arsenic toxicity because of increased reactive oxygen
species which can initiate lipid peroxidation and DNA
damage leading to mutagenesis, carcinogenesis and cell
death.* 8-oxoguanine (80x0G) and 8-hydroxydeoxy
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guanosine (80OHdG), biomarkers for oxidative DNA
damage, in cerebral cortex microdialysate samples was
determined by using capillary electrophoresis with
electrochemical detection.” Anaemia is a common
occurrence in patients with cancer especially in those who
undergo chemotherapy.® Leukocyte migration is a key event
in the inflammatory response to tumors.” A graded
association between higher WBC and higher risk of total
cancer mortality was observed.® DRR1 protein (tumor
suppressor) is expressed in normal cells, particularly in
the neurons system during embryogenesis, is involved in
neuronal cell survival, and is down-regulated during neuro-
blastoma carcinogenesis.’ Differential protein expression
profile between low and highly transformed epithelial
ovarian cancer cell lines mimic the phenotypic changes
observed during evolution of a tumor metastasis.!° Tobacco
smoking adversely affects the capacity of neutrophils to
ingest microbes and so has suppressive effect on innate
immune mechanism."!

MATERIALS & METHODS
Collection of blood samples: The blood samples

were collected from patients suffering from different types
of cancer and named according to the type of cancer like

G.B. = Gall bladder cancer samples, B.C. = Breast cancer
samples, M.M. = Medistinal malignancy samples, R.C. =
Rectum cancer samples, O.C. = Oesophagus cancer
samples, E.S. = Ewing sarcoma samples, C.C. = Colon
cancer samples, Ov.C. = Ovary cancer samples, M.C. =
Myeloblast cancer samples, U.C. = Urinal cancer samples,
E.C. Endotracheum cancer samples, C.M.L. = Chronic
myeloid leukemia samples, A.M.L. = Acute myeloid
leukemia samples and patient number was given. The blood
samples were stored at -20°C.

Hematological analysis of blood samples: A. Total
leucocyte count (TLC) analysis in different test blood
samples: TLC analysis in different test blood samples were
performed by using Neubauer’s counting chamber
(Hemocytometer).'?

B. Differential leucocyte count (DLC) analysis
in different test blood samples: DLC analysis in different
test blood samples were performed by using glass slides
and Leishman’s stain."

C. Quantitative hemoglobin analysis of different
test blood samples: Quantitative hemoglobin analysis of
different test blood samples were performed by using
Sahli’s hemoglobinometer.'*

Statistical Analysis: Student’s t-test was performed
to compare mean values of the parameters. “P” value <
0.05 was considered to be statistically significant.

RESULTS & DISCUSSION

Table 1- The average values of hemoglobin
quantities (gm/dL) measured from control and
different test blood samples.

SL Sample Hemoglobin

No. | Type Quantities
(gm/dL)

1. (Control)o 14.1

2. (G.B))y 8.2

3. (B.C.)s 9.7

4. M.M.), 8.4

5. R.C)s 7.8

6. (C.C)Hs 7.9

7. (0.C))s 9.9

8. (E.S)4 10.5

9. (CML), 8.7

10. (Ov.C.), 9.2

11. M.C.); 8.4

12. (U.C)s 10.1

13. (E.C.)y 8.1

14. (AML); 9.3
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Graph 1- Diagrammatic representation of hemoglobin level
in different types of carcinogenesis.

The mean sample hemoglobin level is 8.93 gm/dL,
which is significantly lower («=0.05) than the control
hemoglobin value (14.1 gm/dL) (Table 1). Hemoglobin is
the main protein found in blood and is required for the
transport of O, and CO, in different parts of body. Anaemia
is a common symptom and complication in patients with
malignant tumours. In cancer patients’ anaemia may occur
due to blood loss or bone marrow infiltration or nutritional
deficiencies or as a result of the cancer treatment itself or
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due to chemical factors produced by the cancer. Chronic
tumour-related anaemia is diagnosed when hemoglobin
(Hb) levels are below 12 gm/dL.

The correlation between degree of increase in
hemoglobin and longer progression-free survival (PFS)
suggests that hemoglobin may be useful as a surrogate
marker of stringent VEGF inhibition and as a predictive
factor for clinical response.'” Epoetin-a administered to
patients with cancer-related anemia for up to 16 weeks
resulted in significantly improved QOL (Quality of Life),
increased hemoglobin levels, and decreased transfusion
use in cancer patients who were not receiving
chemotherapy.'®

Table 2- The average values of total leucocytes
count measured from control and different test
blood samples.

Sl Test Sample TLC (Per
No. uL)
1. (Control); 8,512
2. (G.B)yo 13,123
3. (B.C.)s 11,578
4. (M.M.), 14,203
5. (R.C))s 12,925
6. (C.Cs 11,398
7. (0.C.)s 12,119
8. (E.S.), 11,372
9. (CML), 95,000
10. (Ov.C.), 13,243
11. (M.C.); 15,315
12. (U.C.)s 12,566
13. (E.C.)4 12,154
14. (AML)s 75,891
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Graph 2- Diagrammatic representation of TLC level
in different types of carcinogenesis

The mean sample TLC level is 23,914 per pL, which
is significantly higher (¢=0.05) than the control value
(8,512 per pL). Higher WBC count was found to be
associated with all cancer mortality. Other factors like age,
sex, education, body mass index, hematocrit level, alcohol
consumption, physical inactivity, smoking, weekly aspirin
use, diabetes mellitus or fasting hyperglycemia status and
fasting glucose levels etc. may add the risk of cancer
mortality. Higher circulating WBC count is a widely
available marker of inflammation and subsequent cancer
mortality.!” Host response to malignant solid tumors gives
rise to systemic effects, the most frequent of which are
leukocytosis, neutrophilia and lymphopenia. The ratio of
neutrophil to lymphocyte counts has been suggested as a
simple parameter of systemic inflammation in cancer
patients. An elevated neutrophil to lymphocyte ratio is an
independent prognostic factor for cancers at different sites
and this parameter is a clinically accessible and useful
biomarker for patient survival. Tumor cells produce soluble
factors such as granulocyte colony stimulating factor,
which mobilize precursor cells in the bone marrow, or
other mediators that alter cell differentiation and hence
increased the circulating leukocyte number.” Granulocytes
of cancer patients had inhibited oxidative burst and had
less NADPH oxidase activity that may support tumor
growth and development.!®

Table 3- The average values of differential
leucocytes count measured from control and
different test blood samples.

Sl Test Differential Leucocytes
No. Sample Count (Per pL)
Granulocytes | Lymphocytes
(Neutrophils)
1. (Control);o 6.431 1,516
2. (G.B.)o 10,456 710
3. (B.C.)s 9,305 621
4. (M.M.), 11,905 850
5. (R.C.)s 14,617 812
6. (C.C)s 10,817 381
7. (0.C.); 11,143 739
8. (E.S.), 9,618 297
9. (CML), 80,243 775
10. (Ov.C.), 10,864 827
11. M.C.); 12,525 709
12. (U.C)s 13,729 644
13. (E.C.), 8,016 658
14. (AML)s 64,323 832
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Graph 3- Diagrammatic representation of DLC
level in different types of carcinogenesis

Platelets and basophil counts are normal in all types
of cancer. Lymphocyte counts are below normal level in
all types of cancer (Table 3). TLC (Table 2), neutrophil
(Table 3), eosinophil and monocyte levels are increased
above normal level in all types of cancer. The mean sample
neutrophil level is 20,582 per pL, which is significantly
higher (¢=0.05) than the control value (6,431 per pL). The
mean sample lymphocyte count level is 681 per puL, which
is significantly lower (0=0.05) than the control value (1,516
per uL).

In Taiwanese adults of both genders, a lower
lymphocyte count is associated with cancer mortality,
especially mortality from hepatoma. In Taiwanese men,
higher neutrophil and monocyte counts are associated with
cardiovascular mortality.!® Lower lymphocyte counts may
be due to altered cell differentiation during carcinogenesis
and may support survival and proliferation of cancer cells.
Cytotoxic T lymphocytes (CTLs) and NK cells, help in
checking and controlling abnormal and cancer cells.

In the present investigation clear alteration has been
noticed in hematological profile during carcinogenesis from
normal. In hematological profile, the mean sample
hemoglobin level is significantly lower (¢=0.05) than the
control hemoglobin value. TLC and neutrophil levels are
increased above normal level in all types of cancer.
Lymphocyte counts are below normal level in all types of
cancer. These alterations may lead to development of
carcinogenesis or results due to carcinogenesis and may
increase as cancer progresses through successive advanced
stages. This is a primitive study and needs further more
detailed investigation to establish correlation between extent

of alterations and stages of cancer development. If such
correlation is established, this can be used as a successful
biomarker for cancer progression and could be useful in
clinical trials and in identifying patients with poor prognosis,
leading to better treatment strategies. If these alterations
are the possible cause of cancer, then medicines can be
prescribed to minimize these alterations at earlier stages of
detection. Once cancer is detected in earlier stages, it can
be treated properly and cured totally. I hope this study will
help doctors to detect cancer in cancer suspected persons
and cure cancer patients at earlier stage in near future.
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