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ABSTRACT 

Functional mammary tumours were generated as serial transplants of dimethyl benz(a)anthracene (DMBA) in 
immunosuppressed Sprague Dawley rats (SD). These serial transplants were evaluated for their cellular behaviour 
and biomarkers. Breast cancer was induced by 10 mg/kg of 7, 12 dimethylbenzanthracene (DMBA) in 10 female SD 
rats. Following tumour development, the primary tumour was passaged into apparently healthy rats for first and 
second serial transplants. Cellular behaviour and biomarkers of transplants included growth of tumour, 
haematological indices, expression pattern of Tn and TF antigens and TNF-alpha. An elevation of TNF-α, non-
induction of Tn antigen with thrombocytopenia were observed in the serial transplants derived from a malignant 
tumour induced by 7, 12, DMBA in female Sprague Dawley rats. Furthermore, neutrophil to lymphocyte and 
platelet to lymphocyte ratios were found to be significantly low in animals from the first serial transplant while 
being significantly high in animals of the second serial transplant group. Results indicate that DMBA-induced 
mammary tumours in Sprague Dawley rats undergo divergent cellular behaviour and antigenic expressions during 
serial transplantation.  
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INTRODUCTION 

Breast cancer is the major cancer type affecting 
women globally (Bray et al., 2018) and treatment 

options requires the use of clinical and molecular 
diagnostic and prognostic markers such as age, 
tumour grade, hormone receptor status, human 
estrogen receptor 2 (HER-2) status, number of 
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involved regional lymph nodes, tumour histology 
amongst others (Senkus et al., 2015; Orditura et al., 
2016). inflammatory responses associated with 
cancer have been reported to play significant roles in 
the initiation and progression of many cancers 
(Orditura et al., 2016), as the resulting changes in 
blood parameters which is a reflection of systemic 
inflammation have been linked with poor outcome 
in cancer patients (Pierce et al., 2009; McMillan, 
2013). In addition, weakened adaptive immune 
response during chronic inflammation promotes 
cancer growth, angiogenesis and cancer cell survival 
(Grivennikov et al., 2010; Elinav et al., 2013). 

Full blood count is a routine test carried out by 
clinicians to compliment the working diagnosis of a 
number of ailments such as anaemia, infections, 
immune disorders and cancer (Akaani et al., 2013). 
Studies have shown that high lymphocyte density 
within the tumour stroma is associated with better 
clinical outcome as compared to low lymphocyte 
infiltration within the tumour stroma. On the other 
hand, high density neutrophil infiltration has also 
been associated with poor disease outcome 
(Szkandera et al., 2013; Teramukai et al., 2009). This 
is so because the inflammatory cells such as 
leucocytes present within the tumour 
microenvironment are responsible for the 
inflammatory response and hence, supports 
proliferation, survival and metastasis of tumour cells 
by preventing angiogenesis and DNA damage 
(Szkandera et al., 2013). In addition, the role of 
neutrophils in cancer development and progression 
is multifactorial and hence, not fully understood as 
they have been reported to participate in different 
stages of the oncogenic process such as tumour 
initiation, growth, proliferation or metastatic spread 
(Swerczar et al., 2015; Coffelt et al., 2016). High 
neutrophil count is associated with poor prognosis 
(Okada et al., 2020). 

Assessment of the neutrophil to lymphocyte ratio 
(NLR) is a simple and less-invasive method used to 
determine the systemic inflammation as NLR is a 
good indicator of systemic inflammatory response 
(Semiz et al., 2014). Elevated levels are linked with 
cancers (Szkandera et al., 2013; Seretis et al., 2013a), 
chronic stress (Erminio et al., 2009) and coronary 
heart disease (Fowler Fowler and Agha (2013). NLR is 
a marker of an impaired cell-mediated immunity 
that is associated with systemic inflammation 
(McMillan, 2009) and reflects a balance between 
pro-tumour inflammatory status and anti-tumour 
immune status. This balance have been suggested to 
be tilted in favour of the pro-tumour inflammatory 
status in cancer patients with elevated NLR, hence 

resulting in poor outcome which may be due to an 
enhanced tumour progression alongside suppression 
of the immune system and lymphopenia (Szkandera 
et al., 2013). Furthermore, elevated NLR level was 
found to be an independent predictor of poor 
outcome in several solid tumours such as breast 
cancers (Forget et al., 2014).  

Studies by Zhang et al. (2017) revealed that a high 
platelet to lymphocyte ratio (PLR) is associated with 
poor disease outcome and clinicopathological 
features such as tumour stage, lymph node 
metastasis and distance metastasis, and thus, could 
be used as a prognostic factor for breast cancer.  

The Thomsen Friedenreich (TF) and Thomsen 
Nouvelle (Tn) antigens are precursor molecules of 
the MN-blood group antigens. They are generated 
by sialic acid depletion and are found in tissues with 
cancer characteristics (Kolbl et al., 2016). In the 
normal tissues, TF and Tn antigens are coated by 
glycosyl structures, thus, forming glycoproteins 
which have been reported to account for the MN-
blood group antigens, while in malignant tissues, 
these molecules are uncovered (Kolbl et al., 2016). 
TF and Tn antigens are associated with cell adhesion 
properties hence, playing a role in tumourigenesis. 
Tn antigen on the other hand, stimulates cell 
adhesion to the extracellular matrix, cell migration 
and invasiveness and is present in the lamellipodia of 
migrating cells (Gill et al., 2013). An upregulation of 
TF and Tn antigens which is generated by changes in 
glycosl transferases is correlated with tumour 
progression, higher tumour, node, metastasis (TNM) 
staging and reduced survival respectively (Kolbl et 
al., 2016).  

Animal models are significant tools in the study of 
cancer initiation and progression, and these models 
have been used to study the therapeutic effects of 
some chemicals and natural compounds on the 
developing tumour. For this to be achieved, tumours 
must to a large extent, be able to mimic the 
processes of tumour initiation and progression, the 
tumour microenvironment as well as the associated 
inflammatory processes etc. as seen in humans 
(Babino et al., 2000). Serially Transplanted tumours 
are tumour models that are obtained following 
inoculation of tumour cells that were isolated from a 
resultant spontaneous or chemically -induced 
tumour into syngeneic hosts (Ni et al., 2009).  

Preoperative full blood counts, NLR, PLR, TNF-alpha, 
Tn and TF antigens as well as their association with 
cancer prognosis have been studied in both 
chemically-induced tumours and cancer patients but 
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there is no record in the medical literatures of their 
levels in serially transplanted chemically-induced 
mammary tumours in experimental models. This 
study was therefore carried out to determine the 
changes in some haematological indices, neutrophil 
to lymphocyte ratio and platelet to lymphocyte ratio, 
TNF-alpha, Tn and TF antigens in serially 
transplanted DMBA-induced breast tumours in 
female Sprague Dawley rats. 

MATERIALS AND METHODS 

Experimental Animals 

Fifty-nine (59) female Sprague Dawley 7-8 weeks old, 
weighing 110 g to 140 g were used for the study. 
They were housed in plastic cages with free access to 
food (standard pellet diet, Grand Cereal Ltd, Jos 
Plateau State) and water in an environment of 
approximately 12-hour light and dark cycle. The 
cages were cleaned and beddings changed every two 
days. The animals were acclimatized for two weeks 
prior to use. Ethical approval was obtained from the 
Ahmadu Bello University, Zaria’s Animal Care and 
Use Committee. 

Breast Tumour Induction 

Mammary tumours were induced according to the 
method of Barros et al. (2004) with modification. 
The primary breast tumour was induced with a 
single dose of 10 mg/kg DMBA dissolved in 1ml 
sesame oil administered sub-dermally within the 
mammary pad following dexamethasone 
immunosuppression at 20 mg/kg intraperitoneally 
and then administered a booster dose of 10 mg/kg 
on day 8 (Anafi et al., 2004). After tumour 
development, the mammary tumour cells were 
isolated and inoculated into clean rats. Breast 
tumours obtained from the first transplant were 
harvested, cells isolated and further inoculated into 
a second set of clean rats.  

Haematological Analysis 

This was carried out according to the method 
described by Kratz and Brugnara (2015). Blood 
samples were collected before transplant and after 
tumour development via tail bleeding into plain and 
EDTA vacutainers. At the end of the study, 
experimental animals were humanely sacrificed 
following ketamine anaesthesia (150 mg/kg). Blood 
samples were collected via cardiac puncture in EDTA 
vacutainers. Blood samples were analyzed for 
haematological indices (white blood cell count, 
(WBC), percentage neutrophils, percentage 
lymphocyte, packed cell volume (PCV), red blood cell 

count (RBC), mean corpuscular haemoglobin (MCH), 
mean cell volume (MCV), mean corpuscular 
haemoglobin concentration (MCHC), red cell 
distribution width (RDW) and mean platelet volume 
(MPV) using a haematology auto analyser (Swelab 
Omega 2.0, China). 

Immunological Analysis for TNF-α 

The assay for TNF-α in the serum was done using 
enzyme-linked immunosorbent assay (ELISA) 
technique according to the method of (Ma et al., 
2017) using rat TNF-α picokine ELISA kit according to 
the manufacturer’s instructions 

Immunohistochemical Analysis for Thomsen 
Friedenreich (TF) and Thomsen Nouvelle (Tn) 
Antigens 

Immunohistochemical analyses for TF and Tn 
antigens were carried out according to the methods 
of Karacosta et al. (2018) and Babino et al. (2000) 
respectively. Mammary tumour tissues were fixed in 
10% neutral buffered formalin, dehydrated in graded 
concentrations of ethanol (70%, 85%, 95% and 100% 
respectively), cleared in xylene and embedded in 
paraffin. Tissue sections of 4 µm thick was cut to 
water and mounted on poly-L-lysine coated slides 
(Boster biolaboratories, Pleasanton, USA). The 
appropriate antigen epitope (for Tn and TF antigens) 
were separately retrieved at pH 6.0 for 40 minutes 
at 95 ºC. The slides were cooled to room 
temperature and then incubated in hydrogen 
peroxide (H2O2) for 10 mins after which they were 
washed twice in phosphate buffered saline (PBS). 
After washing, the slides were incubated in their 
primary antibody (i.e. Tn antibody and TF antibody 
respectively) for 60 minutes at 1:100 dilution. These 
were washed again twice in PBS and further 
incubated in mouse + rabbit horse radish peroxidase 
(HRP) for 30 minutes and washed twice with PBS. 
Finally, the slides were incubated in a mixture of 3, 
3’-diaminobenzidine (DAB) and substrate for 7 
minutes and then washed twice in PBS and counter 
stained with haematoxylin for 2 minutes and washed 
twice in PBS. The slides were studied using light 
microscopy and photomicrographs were taken using 
a microscope with a camera (Leica ICC50E, Leica 
microsystems Wetzlar, Germany) attached to a 
computer. 

Statistical Analyses 

The results obtained was analysed using IBM 
Statistical Product and Service Solutions (SPSS) 
Statistics 20 and the results expressed as mean ± 
standard error of mean (SEM). Differences among 
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the means was determined using one-way analysis 
of variance (ANOVA) while the student t-test was 
used to determine the difference in mean values 
before tumour transplant and after tumour 
development and a value of P<0.05 was considered 
statistically significant. Bonferroni’s post hoc test 
was used to determine where the level of 
significance lay. Kaplan Meier was used to plot the 
survival curve. 

RESULTS 

Animal survival  

Results obtained from the study showed that 
animals from the first serial transplant survived a 
longer period i.e. up to 30 days post-tumour 
development as compared to the second serial 
transplant where most animals died 15 days post-
tumour development. Both set of transplants were 
characterized by exponential tumour growth (Figure 
1). 

Changes in Haematological Indices 

Changes in Haematological Indices before 
Transplant and after Tumour Development in the 
First Serial Transplant: 

Results obtained from the first transplant revealed 
no significant difference in the levels of MPV, 
platelets, PCV, RBC and MCV before transplant and 
after tumour development. On the other hand, a 
significant decrease in the levels of neutrophils 
(p<0.001), MCH (p=0.002) and MCHC (p<0.001) as 
well as a significant increase in the WBC count 

(p<0.014) and lymphocyte count (p<0.001) were 
observed as seen in Table I. 

Changes in Haematological Indices before 
Transplant and after Tumour Development in the 
Second Serial Transplant 

Results obtained from the second serial transplant 
showed no significant change in the levels of MCH, 
MCHC, RDW, MPV, platelets, PCV, RBC, WBC and 
MCV before transplant and after tumour 
development. On the other hand, a significant 
increase was observed in the level of neutrophils 
(p=0.028) alongside a significant decrease in 
lymphocyte count (p=0.020) as seen in Table II. 

Changes in Haematological Indices across 
Transplant Groups 

Haematological indices following tumour 
development across transplant groups as shown in 
Table III revealed that RBC, PCV and neutrophil levels 
were significantly lower in rats of the first transplant 
group as compared to the second transplant while 
MCV, MCH, MPV and RDW levels were significantly 
lower in the second transplant as compared to the 
first transplant. Furthermore, RBC, PCV, platelets 
and MPV levels were significantly lower, while RDW, 
MCV and MCH levels were significantly higher in rats 
from the first transplant as compared to those of the 
control group. Lymphocyte count was significantly 
lower in the second transplant as compared to the 
control while no significant change was observed in 
the levels of WBC and MCHC across the 
experimental groups. 
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Figure 1. Kaplan Meier plot showing survival analysis of animal that developed tumours in the first and second 
serial transplants with the rats in the first serial transplanted tumours surviving longer than those of the second 
transplant 

Table 1. Haematological indices before tumour transplant and after tumour development in animals from the first 
serial transplant 

Haematological indices Time p-value 

Before transplant After tumour 
development 

White blood cell (103/µL) 1.31±0.21 10.66±2.59 0.022 ⃰ 

Neutrophils (103/µL) 69.90±0.37 6.54±1.42 0.001 ⃰ 

Lymphocytes (103/µL) 15.70±1.44 85.52±2.99 0.001 ⃰ 

Red blood cell (1012/L) 4.63±0.94 3.73±0.74 0.472 

Packed cell volume (%) 30.38±1.89 28.12±4.15 0.639 

Platelet (μl) 535.00±125.72 351.20±74.06 0.251 

Mean platelet volume (fL) 8.04±0.66 6.66±0.15 0.103 

Red blood cell distribution width (%) 74.30±9.72 112.82±17.94 0.107 

Mean corpuscular volume (fL) 85.84±5.04 78.90±4.81 0.348 

Mean corpuscular hemoglobin (pg) 72.40±7.93 32.48±4.29 0.004 ⃰ 

Mean corpuscular hemoglobin concentration 
(g/dl) 

83.2±4.65 40.50±4.24 0.001 ⃰ 

⃰ = significant at p<0.05 
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Table 2. Haematological indices before tumour transplant and after tumour development in animals from the 
second serial transplant 

Haematological indices Time p-value 

Before 
transplant 

After tumour 
development 

White blood cell (103/µL) 12.16±2.11 13.26±1.32 0.672 

Neutrophils (103/µL) 8.26±2.08 8.73±3.91 0.028 ⃰ 

Lymphocytes (103/µL) 81.6±5.32 59.46±5.49 0.020 ⃰ 

Red blood cell (1012/L) 5.09±0.66 6.15±0.38 0.211 

Packed cell volume (%) 33.72±8.54 39.08±1.45 0.568 

Platelet (μl) 524.00±37.35 471.80±96.57 0.635 

Mean platelet volume (fL) 7.14±1.07 5.86±0.09 0.298 

Red blood cell distribution width (%) 53.87±20.07 55.78±2.15 0.933 

Mean corpuscular volume (fL) 67.40±7.94 64.80±1.76 0.766 

Mean corpuscular hemoglobin (pg) 31.08±9.59 20.58±0.31 0.335 

Mean corpuscular hemoglobin 
concentration (g/dl) 

 
30.92±3.98 

 
31.80±0.61 

 
0.834 

* = significant at p<0.05 

 

Table 3. Haematological indices across transplant groups 

Haematological Indices Control First transplant Second 
transplant 

p-value 

White blood cell (103/µL) 7.24±2.68 13.94±2.25 11.58±0.92 0.112 

Neutrophils (103/µL) 8.98±1.11 5.84±1.04 13.50±1.87c 0.007 ⃰ 

Lymphocytes (103/µL) 80.62±2.22 86.66±2.78 65.76±8.32b 0.001 ⃰ 

Red blood cell (1012/L) 6.83±0.36 2.91±0.89 6.07±0.36a,c 0.001 ⃰ 

Packed cell volume (%) 38.82±1.27 22.80±4.99 37.56±2.85a,c 0.010 ⃰ 

Platelet (μl) 614.50±39.96 276.00±93.35 476.25±83.07a 0.038 ⃰ 

Mean platelet volume (fL) 5.63±0.17 6.58±0.15 5.60±0.91a,c 0.001 ⃰ 

Red blood cell distribution width (%) 38.68±1.37 115.63±22.88 49.63±1.57a,c 0.005 ⃰  

Mean corpuscular volume (fL) 56.90±1.08 79.98±6.05 61.90±1.68a,c 0.004 ⃰ 

Mean corpuscular hemoglobin (pg) 19.80±0.31 33.77±5.28 20.75±0.41a,c 0.018 ⃰ 

Mean corpuscular hemoglobin 
concentration (g/dl) 

34.88±0.39 41.48±3.99 33.48±0.34 0.080 

a=significant between control and first transplant, b=significant between control and second transplant, 
c=significant between first transplant and second transplant, ⃰=significant at p<0.05 

 



  

Neutrophil / lymphocyte ratio (NLR) 

Changes in NLR before tumour cell transplant and 
after tumour development: 

Results obtained from the study showed a significant 
decrease (p<0.001) in NLR following tumour 
development in the first serial transplant as seen in 
Figure 2. On the other hand, a significant increase 
(p=0.014) was observed in NLR in animals from the 
second serial transplant before tumour cell 
inoculation and following tumour development 
(Figure 3). 

Change in NLR across transplant groups: 

The NLR was lower in the first transplant as 
compared to the control and second transplant 
following tumour development. This level was 
significantly higher (p=0.018) in the second serial 
transplant as compared to the first transplant (Figure 
4) but difference was not significant between the 
second transplant group and control. 

 Platelet to lymphocyte ratio (PLR) 

Changes in PLR before tumour cell transplant and 
after tumour development: 

Results obtained from the study revealed a 
significant decrease (p<0.001) in the PLR in the first 
serial transplant following tumour development 
(Figure 5). On the other hand, a significant increase 
(p=0.009) in its level was observed in the second 
serial transplant following tumour development as 
seen in Figure 6.  

PLR before and after tumour development across 
transplant groups 

Results obtained from the study revealed a decrease 
in PLR in the transplant groups as compared to the 
control. Similarly, decrease in PLR was also observed 
in the first transplant as compared to the second 
transplant. These changes were all not to significant 
levels as seen in Figure 2. 

Changes in TNF-α Levels across Treatment Groups 

Results obtained from the study showed an increase 
in the levels of TNF-α in the first and second serial 
transplants as compared to the control. A significant 
increase in TNF-α levels was also observed in the 
second transplant as compared to the control as 
seen in Figure 4. 

Immunohistochemical Expression of TF and Tn 
Antigens in Serially Transplanted DMBA-Induced 
Mammary Tumours 

Result obtained from the study revealed that TF 
antigen was negative in both primary and serially 
transplanted tumours. However, Tn antigen was 
expressed in the DMBA-induced primary tumour 
while being negative in the serially transplanted 
DMBA-induced mammary tumours. The number of 
cells positive for Tn antigen were few compared to 
the entire tumour load and the intensity of staining 
varied between the tumour cells stained indicative 
of an invasive ductal carcinoma (Plate I).      

 

 

Table 4. Neutrophil to lymphocyte ratio and platelet to lymphocyte ratio 

Haematological 
indices 

First transplant Second transplant 

Before 
transplant 

After tumour 
development 

p-value Before 
transplant 

After tumour 
development 

p-value 

N/L ratio 4.80±0.30 0.08±0.01 0.001 ⃰ 0.28±0.20 1.59±0.33 0.014 ⃰ 

P/L ratio 32.92±5.66 3.92±0.93 0.001 ⃰ 6.28±0.79 39.36±8.70 0.009 ⃰ 

* = significant at p<0.05 
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Figure 2. Changes in neutrophil to lymphocyte ratio post-tumour development in both first and second serial 
transplants.  

 

 

Figure 3. Changes in platelet to lymphocyte ratio post-tumour development in both first and second serial 
transplants 

 

Figure 4: Changes in TNF alpha levels post-tumour development in the first and second serial transplants. *= 
significant between control and second transplant group 

P=0.018 

* (p=0.015) 
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Plate I. Photomicrograph of Eosin Stained; (a) Control group showing negative Tn antigen expression (b) Tn antigen 
expression in the primary tumour showing areas positive for Tn.X 100 and X 400 magnifications respectively 

DISCUSSION 

Full blood count is a vital investigation requested 
from all cancer patients before surgery, use of 
chemotherapy or radiotherapy (Dezayee and Nimer, 
2016) and these parameters have been associated 
with the outcome of cancers as changes in 
haematological parameters and markers of 
inflammatory response reflect disease progression 
and prognosis in several malignancies (Shrivastava et 
al., 2017). 

Lymphocytes are crucial components of the adaptive 
immune system. It has been reported that 
infiltrating lymphocytes indicate the generation of 
an effective anti-tumour cellular immune response 
(Bobdey et al., 2017). Thus, a low peripheral 
lymphocyte level may indicate a poorer lymphocyte 
mediated immune response to tumour and hence, 
suggests a poorer outcome (Bobdey et al., 2017). 
Results obtained from the study revealing 
significantly high levels of circulating lymphocytes in 
the first transplant as compared to the second may 
be responsible for the longer period of survival of 
animals in the first transplant group as compared to 
the second transplant.  

Levels of circulating lymphocytes prior to treatment 
goes a long way to determine disease outcome, as it 
has been reported that the higher its pretreatment 
values, the longer the survival time (Ray-Coquard et 
al., 2009) while a decrease in total lymphocytes in 
the blood is a significant immunologic change 
observed in advanced malignancy (Ahmad et al., 
2012) resulting in an inadequate cell-mediated 
immunologic response toward the tumour (Jain et 

al., 2016) which may have been responsible for the 
shorter survival time of the second transplant group. 

Neutrophils constitute about 50-70% of all 
polymorphonuclear leucocytes in human circulation 
and act as the first line of defense against various 
infections (Sinov et al., 2015). In cancer, they are 
reported to play conflicting roles i.e. take on both 
anti-tumour and pro-tumour roles via their different 
subpopulations (Sinov et al., 2015). Tumour 
infiltrating neutrophils release different mediators 
that enhance tumour angiogenesis and intravasation 
of malignant cells (Huang et al., 2015). Besides, 
neutrophils are actively involved in both systemic 
and local inflammatory response via multiple 
mechanisms which include the release of 
proinflammatory factors, promotion of growth and 
metastasis via remodeling of the extra cellular matrix 
(Ciftci et al., 2015), release of reactive oxygen 
species, nitric oxide, arginine and suppression of T 
cell response (De Larco et al., 2004). Previous study 
by Suzuki et al. (2011) revealed that neutrophils 
plays a role as a tumour promoting leucocyte 
through the transforming growth factor β-induced 
signaling pathway. Result obtained from the current 
study revealed low levels of neutrophils in the first 
serial transplant as compared to the second 
transplant though reasons for the low levels of 
neutrophils observed is not known. The significantly 
high levels of neutrophils observed in the second 
serial transplant as compared to the first transplant 
in the present study corroborates reports by 
Akingbami et al. (2013) who found that neoplasms of 
all types are associated with neutrophilia.  Besides, 
higher neutrophil percentage may also indicate 
various conditions such as bacterial infection (Pfeiler 

a b 
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et al., 2017) or cytokine release by cancer cells which 
helps them to disseminate to other sites (Al-Arifi et 
al., 2018).  

Chronic diseases such as cancer have been 
associated with low levels of erythropoietin thus, 
leading to decrease in the production of RBCs with 
resulting anaemia (Poggiali et al., 2014). Results 
obtained from the study showing significantly high 
(p<0.05) levels of RBC, PCV, MCV, MCH, MCHC and 
RDW in the first serial transplant as compared to the 
control and second serial transplants suggests the 
presence of anaemia in the second transplant group 
and this may also be responsible for the poor 
survival of rats in the second transplant group. 
Akingbami et al. (2013) reported that low PCV, RBC, 
MCV, MCH and MCHC are associated with anaemia 
from chronic disorders such as cancer. Furthermore, 
low Hb levels could cause activation of the 
metastatic genes leading to metastasis and hence 
resistance to chemotherapy, radiotherapy and 
ultimately, poor survival (Gilkes, 2016). The red cell 
distribution width (RDW), an independent risk factor 
of poor survival in cancer (Riedl et al., 2014), and a 
marker of breast cancer activity as significantly high 
levels were observed in breast cancer as compared 
with breast fibroadenomas (Seretis et al., 2013b). Its 
levels are elevated when there is an increase in red 
cell distribution or ineffective red cell production. It 
may also be a reflection of underlying issues such as 
nutritional deficiency (e.g. iron, vitamin B12 or folic 
acid), bone marrow depression or chronic 
inflammation which conditions are found to be more 
or less prevalent in cancers (Wang et al., 2014). RDW 
is also used in parallel with the platelet distribution 
width in the assessment of breast cancer (Wang et 
al., 2015a). 

Inflammation is a significant event that occurs during 
the process of tumourigenesis (Seretis et al., 2013a). 
It is recognized as the 7th hallmark of cancer and 
plays a role in tumour proliferation, angiogenesis, 
metastasis as well as resistance to hormonal and 
chemotherapy (Wu and Zhou, 2009). Peripheral 
blood tests taken at the time of diagnosis could 
reflect the inflammatory conditions present within 
the tumour (Chen et al., 2015). Furthermore, 
inflammatory related markers such as absolute WBC 
count, C-reactive proteins, cytokines, PLR and NLR 
have been reported to be associated with specific 
outcomes in cancer patients (Templeton et al., 
2014). The NLR is reported to be a biomarker for 
systemic inflammatory response (Cingoz et al., 2013) 
and can be easily and more conveniently examined 
as compared to other conventional markers (Chen et 

al., 2015). In addition, when compared to other 
parameters, it is superior in predicting the long- or 
short-term mortality in breast cancer patients (Azab 
et al., 2013). It is significantly associated with age, 
gender, tumour type and depth of invasion (Balta et 
al., 2013). Individual parameters have been proven 
to be altered by physical, physiological and 
pathological factors but the NLR was found to be 
more stable even when under the influence of such 
factors (Ciftci et al., 2015); hence, it was proposed 
that the NLR might represent both the inflammatory 
and immune pathways which though opposing in 
nature, exist together in cancer patients (Tomita et 
al., 2011). Results obtained from the study indicating 
a significantly high NLR in the second transplant as 
compared to the control and first transplant, may be 
responsible for the poor survival observed in the 
second transplant group as elevated NLR have been 
reported to be strongly associated with poor survival 
in breast cancer patients, and hence, can be 
described as a predictive and prognostic factor for 
patients with breast cancer (Chen et al., 2015). 
Similarly, the PLR is considered to be a marker for 
endogenous residual anti-cancer pre-inflammatory 
and pre-coagulative response that arises in 
malignancies (Wang et al., 2015b); and together with 
NLR, they combine the evident pre-inflammatory 
and pre-coagulative status in cancer with the 
endogenous residual anticancer ability (Proctor et 
al., 2011). Increase in NLR and PLR level is associated 
with increase in systemic inflammatory response 
associated with cancer, indicating an advanced stage 
in several types of malignancies (Raungkaewmanee 
et al., 2012) which are often times associated with 
poor survival as observed in the present study. 

Tn antigen is widely expressed in cancers of 
epithelial origin being expressed in more than 90% 
of breast cancers (Zhang et al., 1997; Sorensen et al., 
2006). It has been characterized as one of the most 
specific human cancer associated structures where it 
serves as an important recognition element 
mediating several cell-to-cell interactions, being 
implicated in tumour cell organotropic metastasis 
(Freire and Osinaga, 2003). Teresawa et al. (1996) 
who studied Tn expression in carcinoma of the 
uterine cervix have reported that the expression of 
Tn antigen in a tissue reflects a specific change in the 
neoplastic progression from a carcinoma in situ to an 
invasive carcinoma. Results obtained from the 
present study showed Tn antigen expression in the 
primary tumour, with cell membranes stained 
positive and staining extending to the apical and 
basal part of the cell membrane. This corroborates 
results reported by Babino et al. (2000) who 
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observed that immunolabeling of Tn antigen in the 
mammary gland of N-Methyl-N-Nitroso Urea – 
induced (NMU-induced) mammary carcinomas were 
found mainly in the cell cytoplasm though staining 
was also observed on the cell membranes. 
Furthermore, they found out that Tn antigen staining 
was highest in carcinomas where most of the cells 
stained strongly or moderately with less than 10% of 
cells unstained (Babino et al., 2000), this was also 
similar to staining pattern observed by Osinaga et al. 
(1996). Konska et al. (2016) observed diminished 
staining intensity of tumour cells as the disease 
progressed. This may be responsible for its negative 
expression observed in the serially transplanted 
groups as the tumours obtained in the transplant 
groups had a short latency period and were well 
differentiated mammary tumours particularly the 
second serial transplant group. On the other hand, 
TF antigen expression was negative in the primary 
tumour as well as the serially transplanted groups. 
Reasons for the negative expression is not fully 
understood. Attempts by this researcher to review 
the literature on TF antigen in chemically-induced 
mammary tumours of rats were not so productive. 
This could be a pointer to this as a recommended 
area of research interest. 

TNF-α, a proinflammatory cytokine has been 
implicated in the in the processes of apoptosis, 
inflammation and immunity (Zhou et al., 2014). 
Results obtained from the present study showing an 
increase in TNF-α levels across the tumour 
transplant groups as compared to the control may 
be responsible for the exponential growth observed 
in the tumours. This is consistent with reports by 
Waters et al. (2013) who noted that besides 
apoptosis, TNF-α plays a role in cancer cell 
proliferation and survival. TNF-α may influence 
tumour growth and progression via inducing the 
expression of pro-malignant chemokines, 
metalloproteinases, endothelial adhesion molecules 
and various angiogenic mediators, or through DNA 
damage as a result of reactive oxygen species 
intermediates whose overall effect contribute to 
tumourigenesis (Sirotkovic-Skerlev et al., 2006). 

CONCLUSION 

DMBA-induced mammary tumours in Sprague 
Dawley rats undergo divergent cellular behaviour 
and antigenic expressions during serial 
transplantation characterized by an elevation of 
TNF-α, non-induction of Tn antigen with 
thrombocytopenia. 

RECOMMENDATION 

Further studies should be done to evaluate the 
underlying mechanisms involved in the non-
expression of TF antigens in chemically-induced 
mammary tumours of experimental animals.  

ACKNOWLEDGEMENTS 

We wish to acknowledge TETfund Nigeria in 
collaboration with Kogi State University, Ayingba, 
Kogi State, Nigeria for financial support. 

CONFLICT OF INTEREST: Authors declare no conflict 
of interest. 

REFERENCES 

Ahmad, S.S., Akhtar, K., Verma, A.K., Malik, A.Z. and 
Siddiqui, S.A. (2012). Total peripheral lymphocyte 
counts in malignant tumours: an index of 
prognostication. Journal of Medical Sciences, 12:24-
28 

Akaani, E.O., Oguntola, A.S., Adeoti, M.L. and 
Agodirin, S.O. (2013). Haematological parameters in 
female breast cancer patients in south western 
Nigeria. International Journal of Medical and Health 
Sciences, 2(4):398-401 

Akinbami, A., Popoola, A., Adediran, A., Dosunmu, 
A., Oshinaike, O., Adebola, P. and Ajibola, S. (2013). 
Full blood count pattern of pre-chemotherapy breast 
cancer patients in Lagos Nigeria. Caspian Journal of 
Internal Medicine, 4(1):575-579 

Al-Arifi, A.A., Kumar, A., Chiguripati, S., Jawed, M. 
and Pandurangan, T. (2018). Pre-treatment 
variations in haematological parameters of breast 
cancer patients. International Journal of Pharmacy 
and Pharmaceutical Sciences, 10(2):157-161 

Anafi, S.B., Kwanashie, H.O. and Anuka, J.A. (2004). 
Study on the effect of dexamethasone as an 
immunosuppressive agent on some blood 
parameters in Wistar rats. Nigerian Journal of 
Phrmaceutical Sciences, 13(2):20-27 

Azab, B., Shah, N., Rabdel, J., Tan, P., Bhatt, V., 
Vonfrolio, S., Habeshy, A., Picon, A. and Bloom, S. 
(2013). Pretreatment neutrophil/lymphocyte ratio is 
superior to platelet/lymphocyte ratio as a predictor 
of long term mortality in breast cancer patients. 
Medical Oncology, 30:432 

Babino, A., Oppezzo, P., Bianco, S., Barois, E., Berois, 
N., Navarrete, H., et al. (2000). Tn antigen is a 



Sahel Journal of Life Sciences FUDMA 1(1): 109-123, 2023 

Balogun et al.  120 
 

precancerous biomarker in breast tissue and serum 
in nitrosomethylurea-induced rat mammary 
carcinogenesis. International Journal of Cancer, 
86(6): 753-759  

Balta, S., Demirkol, S., Kucuk, U., Sarlak, H., Kurt, O. 
and Arslan, Z. (2013). Neutrophil to lymphocyte ratio 
may predict mortality in breast cancer patients. 
Journal of Breast Cancer, 16(3):354-355 

Barros, A.C.S.D., Muranaka, E.N.K., Mori, L.J., 
Pelizon, C.H.T., Iriya, K., Giocondo, G. and Pinotti, J.A. 
(2004). Induction of experimental mammary 
carcinogenesis in rats with 7, 12-
dimethylbenz(a)anthracene. Review of Hospital das 
Clinicas, Faculty of Medicine, University of Sao Paulo, 
59(5):257-261. 

Bobdey, S., Ganesh, B., Mishra, P. and Jain, A. (2017). 
Role of monocyte count and neutrophil-to-
lymphocyte ratio in survival of oral cancer patients. 
International Archives of Otorhinolaryngology, 
21:21-27 

Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R., 
Torre, L.A. and Jemal, A. (2018). GLOBOCAN 
estimates of incidence and mortality worldwide for 
36 cancers in 185 countries. CA: Cancer Journal for 
Clinicians, 6(8):1-31 

Chen, J., Deng, Q., Pan, Y., He, B., Ying, H., Sun, H., 
Liu, X. and Wang, S. (2015). Prognostic value of 
neutrophil-to-lymphocyte ratio in breast cancer. 
FEBS Open Bio, 5:502-507 

Ciftci, Z., deniz, M. and Gultekin, E. (2015). The 
implication of preoperative neutrophil to 
lymphocyte ratio in the diagnosis of laryngeal 
squamous cell carcinoma: a retrospective analysis. 
Journal of Cancer and Tumour International, 
2(3):144-149 

Cingoz, F., Iyisoy, A., Demirkol, S., Sahin, M.A., Balta, 
S., Celik, T., Ulnu, m., Arslan, Z., cakar, M., Kucuk, U., 
Demirbas, S. and Kocak, N. (2013). Carotid intima-
media thickness in patients with slow coronary flow 
and its association with neutrophil-to-lymphocyte 
ratio: a preliminary report. Clinical and Applied 
Thrombosis/ hemostasis, 20(4): 393-399 

Coffelt, S.B., Wellenstein, M.D. and de Visser, K.E. 
(2016). Neutrophils in cancer: neutral no more. 
Nature Reviews Cancer, 16: 431-446 

De Larco, J.E., Wuertz, B.R. and Furcht, L.T. (2004). 
The potential role of neutrophils in promoting the 
metastatic phenotype of tumours releasing 
interleukin 8. Clinical Cancer Research, 10:4895-4900 

Dezayee, Z.M.I. and Nimer, M.S.M. (2016). The 
clinical importance of measurement of 
haematological indices in the breast cancer survivals: 
a comparison between premenopausal and post-
menopausal women. World Journal of Oncology, 
7(1):1-4 

Elinav, E., Norwaski, R., Thaiss, C.A. et al. (2013). 
Inflammation-induced cancer:cross talk between 
tumours, immune cells and microorganisms. Nature 
Reviews Cancer, 13:759-771 

Erminio, T. and Bertoni, G. (2009). Some 
physiological and biochemical methods for acute and 
chronic stress evaluation in dairy cows. Italian 
Journal of Animal Science, 8:265-286 

Forget, P., Bentin, C., Machiels, J.P., Berliere, M., 
Coulie, P.G. and De Kock, M. (2014). Intraoperative 
use of ketorolac or diclofenac is associated with 
improved disease free survival in conservative breast 
cancer surgery. British Journal of Anaesthesia, 
113(supplement 1):82-87 

Fowler, A.J. and Agha, R.A. (2013). 
Neutrophil/lymphocyte ratio is related to the 
severity of coronary heart disease and clinical 
outcome in patients undergoing angiograpy-the 
growing versatility of NLR. Artherosclerosis, 228:44-
45 

Friere, T. and Osinaga, E. (2003). Immunological and 
biomedical relevance of the Tn antigen. 
Immunologia, 22(1): 27-38 

Gilkes, D.M. (2016). Implications of hypoxia in breast 
cancer metastasis to bone. International Journal of 
Molecular Sciences, 17:1669 

Gill, D.J., Tham, K.M., Chia, J., Wang, S.C., Steentoft, 
C., Clausen, H., Bard-Chapeau, E.A. and Bard, F.A. 
(2013). Initiation of GalNAc-type O-glycosylation in 
the endoplasmic reticulum promotes cancer cell 
invasiveness. Proceedings of the National Academy 
of Science, USA. 110, E3152-3161 

Grivennikov, S.I., Greten, F.R. and Karin, M. (2010). 
Immunity, inflammation and Cancer. Cell, 140:883-
899 

Huang, S.H., Waldron, J.N., Milosevic, M., Shen, X., 
Ringash, J., Su, J., Tong, L., Perez-Ordonez, B., 
Weinreb, I., Baylay, A.J., Kim, J., Hope, A., Cho, B.C., 
Giuliani, M., Zarak, A., Goldstein, D., Shi, W., Liu, F.F., 
Xu, W. and O’Sullivan, B. (2015). Prognostic value of 
pretreatment circulating neutrophils, monocytes and 
lymphocytes in oropharyngeal cancer stratified by 
human papilloma virus status. Cancer, 121:545-555 



Sahel Journal of Life Sciences FUDMA 1(1): 109-123, 2023 

Balogun et al.  121 
 

Jain, A., Bobdey, S., Sathwara, J., Ganesh, B., Saoba, 
S. and Khan, A. (2016). Role of monocyte and 
lymphocyte in prognosis of cervical cancer. 
International Journal of Reproduction, 
Contraception, Obstetrics and Gynaecology, 
5(7):2243-2249  

Karacosta, L.G., Fisk, J.C., Jessee, J., Tati, S., Turner, 
B., Ghazal, D., Ludwig, R., Johnson, H., Adams, J., 
Sajjad, M., Koury, S., Roy, R., Olson, J.R. and 
Rittenhouse-Oslon, K. (2018). Preclinical analysis of 
JAAF11, a specific anti-Thomsen Friedenreich 
antibody via immunohistochemistry and in vivo 
imaging. Translational Oncology, 11(2): 450-466 

Klinger, M.H.F. and Jelkmann, W. (2002). Role of 
blood platelets in infection and inflammation. 
Journal of interferon and cytokine Research, 
22(9):913-922 

Kolbl, A.C., Jeschke, U., Friese, K. and Andergassen, 
U. (2016). The role of TF and Tn- antigens in breast 
cancer metastasis. Histology and Histopathology, 31: 
613-621 

Konska, G., Guillot, J., De Latour, M. and Fonck, Y. 
(1998). Expression of Tn antigen and n-acetyl 
lactosamine residues in malignant and benign 
human breast tumours detected by lectins and 
monoclonal antibodies 83d4. International Journal of 
Oncology, 12: 361-367 

Kratz, A., & Brugnara, C. (2015). Automated 
hematology analyzers: state of the art. Clinics in 
laboratory medicine, 35(1), xiii–xiv. 
https://doi.org/10.1016/j.cll.2014.11.004 

Ma, Y., Ren, Y., Dai, Z.J., Wu, C.J., Ji, Y.H. and Xu, J. 
(2017). IL-6, IL-8 and TNF-alpha levels correlate 
disease stage in breast cancer patients. Advanced 
Clinical and Experimental Medicine, 26(3): 421-426 

McMillan, D.C. (2009). Systemic inflammation, 
nutritional status and survival in patients with 
cancer. Current Opinion in Clinical Nutrition and 
Metabolic care, 12(3):223-226 

McMillan, D.C. (2013). The systemic inflammation-
based Glasgow prognostic score: a decade of 
experience in patients with cancer. Cancer 
Treatment and Review, 39:534-540. 

Ni, Y., Wang, H., Chen, F., Li, J., Dekeyer, F., Feng, Y., 
Yu, J., Bosmans, H. and Marchal, G. (2009). Tumour 
models and specific contrast agents for small animal 
imaging in oncology. Methods, 48(2): 125-138 

Okada, S., Shimomura, M., Tsunezuka, H., Ishihara, 
S., Ikebe, S., Furuyo, T. (2020). High Neutrophil 
Count as a Negative Prognostic Factor for Relapse in 
Patients with Thymic Epithelial Tumor. Annals of 
Surgical Oncology, 27, 2438–2447  

Orditura, M., Galizia, G., Diana, A., Saccone, C., 
Cobellis, L., Ventriglia, J., Iovino, F., Romano, C., 
Morgillo, F., Mosea, L., Diadema, M.R., Lieto, E., 
Pracaccini, E., De Vita, F. and Ciadiello, F. (2016). 
Neutrophil to lymphocyte ratio (NLR) for the 
prediction of distant metastasis free survival (DMFS) 
in early breast cancer: a propensity score-matched 
analysis European Society for Medical Oncology 
Open, 1:e000038 

Osinaga, E., Babino, A., Grosclaude, J., Cairoli, E., 
Betthyany, C., Bianchi, S., Signorreli, S., Varangot, M., 
Muse, I. and Roseto, A. (1996). Development of an 
immunolectin-enzymatic assay for the detection of 
serum cancer-associated glycoproteins bearing Tn 
determinants. International Journal of Oncology, 8: 
401-406 

Palumbo, J.S., Talmage, K.E., Massari, J.V., La, 
Juenesse, C.M., Flick, M.J., Kombrinck, K.W., 
Jirouskova, M. and Degen,J.L. (2005). Platelets and 
Fibrin (ogen) increase metastatic potential by 
impeding natural killer cell-mediated elimination of 
tumour cells. Blood, 105:178-185 

Pfeiler, S., Stark, K., Massberg, S. and Engelmann, B. 
(2017). Propagation of thrombosis by neutrophils 
and extracellular nucleosome networks. 
Haematologica, 102:206-213 

Pierce, B.L., Ballard-Barbash, R., Berstein, L., 
Baumgartner, R.N., Neuhouser, M.L., Wenerkathy, 
M.H., Gilliland, B.D., Sorensen, B.E., McTiernan, A. 
and Ulrich, C.M. (2009). Elevated biomarkers of 
inflammation are associated with reduced survival 
among breast cancer patients. Journal of Clinical 
Oncology, 27:3437-3444 

Poggiali, E., De Amicis, M.M. and Motta, I. (2014). 
Anaemia of chronic diseases: a unique effect of iron 
recycling for many different chronic diseases. 
European Journal of Internal Medicine, 25:12-17 

Proctor, M.J., Morrison, D.S., Talwar, D., Balmer, 
S.M., Fletcher, C.D., O’Reilly, D.S., Foulis, A.K., 
Horgan, P.G. and McMillan, D.C. (2011). A 
comparison of inflammation-based prognostic scores 
in patients with cancer. A Glasgow inflammation 
outcome study. European Journal of Cancer 47:26 

Raungkaewmanee, S., Tangjitgamol, S., 
Manusirivithaya, S., Srijaipracharoen, S., and 



Sahel Journal of Life Sciences FUDMA 1(1): 109-123, 2023 

Balogun et al.  122 
 

Thavaramara, T. (2012). Platelet to lymphocyte ratio 
as a prognostic factor for epithelial ovarian cancer. 
Journal of Gynaecology and Oncology, 23:246-273 

Ray-Coquard, I., Cropet, C., van Glabberke, M., 
Sebban, C., Le Casne, A., Judson, I. et al. (2009). 
Lymphopenia as a prognostic factor for overall 
survival in advanced carcinomas, sarcomas and 
lymphomas. Cancer Research, 69:5383-5391 

Riedl, J., Posch, F., Konigsrugge, O., Lotsch, F., 
Reitter, E.M., Eigenbauer, E., Marosi, C., 
Schwarzinger, I., Zielinski, C., Pabinger, I. and Ay, C. 
(2014). Red cell distribution width and other red 
blood cell parameters in patients with cancer: 
association with risk of venous thromboembolism 
and mortality. PloS One, 9(10):e111440 

Semiz, M., Yildirim, O., Canan, F., Demir, S., Hasbek, 
E., Tuman, T.C., Kayka, N. and Tosun, M. (2014). 
Elevated neutrophil/lymphocyte ratio in patients 
with Scizophrenia. Psychiatria Danubina, 26(3):220-
225 

Senkus, E., Kyriakides, S., Ohno, S., Penault-Llorca, F., 
Poortmans, P., Rutgers, E. and Zackrisson, S. (2015). 
Primary breast cancer: EMSO clinical practice 
guidelines for diagnosis, treatment and follow-up. 
Annals of Oncology, 26(Suppl 5):V8-V30 

Seretis, C., Gourgiotis, S., Gemenetzis, G., Seretis, F., 
Lagoudianakis, E. and Dimitrakopoulos, G. (2013a). 
The significance of neutrophil/lymphocyte ratio as a 
possible marker of underlying micropapillary 
microcarcinomas in thyroidal goiters: a pilot study. 
American Journal of Surgery, 205:691-696 

Seretis, C., Seretis, F., Lagoudinakis, E., Gemenetzis, 
G., and Salemis, N.S. (2013b). Is red cell distribution 
width a novel biomarker of breast cancer activity? 
Data from a pilot study. Journal of Clinical Medical 
Research, 5(2): 121-126 

Shrivastava, S., Singh, N., Nigam, A.K., Chandel, S.S., 
Shrivastava, R. and Kumar S. (2017). Comparative 
study of haematological parameters along with 
effect of chemotherapy and radiation in different 
stages of breast cancer. International Journal of 
Research in Medical Sciences, 5(1):311-315 

Sinov, R.V., Fridlender, Z.G. and Granot, Z. (2015). 
The multifaceted role neutrophils play in the tumour 
microenvironment. Cancer Microenvironment, 
8(3):125-158 

Sirotkovic-Skelev, M., cacev, T. and Kapitanovic, S. 
(2006). Tumour necrosis factor alpha and breast 
cancer. Periodicum Biologorum, 108(5): 541-546 

Sorensen, A.L., Reis, C.A., Tarp, M.A., Mandel, U., 
Ramachandran, K., Sankaranayanan, V., et al. (2006). 
Chemo enzymatically synthesized multimeric Tn/sTn 
MUC1 glycopeptides elicit cancer-specific anti-MUC1 
antibody responses and override tolerance. 
Glycobiology, 16: 96-107 

Suzuki, K., Kachala, S.S., Kadota, K., Shen, R., Mo, Q., 
Beer, D.G., Rusch, V.W., Travis, W.D. and Adusumilli, 
P.S. (2011). Prognostic immune markers in non-small 
cell lung cancer. Clinical Cancer Research, 17:5247-
5256 

Swerczak, A., Mouchmore, K.A., Hamilton, J.A. and 
Anderson, R.L. (2015). Neutrophils: important 
contributors to tumour progression and setastasis. 
Cancer Metastasis Review, 34:735-751 

Szkandera, J., Absenger, G., Liegl-Atzwanger, B., 
Pichler, M., Stoz, M., Samonigg, H.Glehr, M., Zacherl, 
/m., Stojakovic, T., Gerger, A. and Leithner, A. 
(2013). Elevated pre-operative 
neutrophil/lymphocyte ratio is associated with poor 
prognosis in soft tissue carcinoma patients. British 
Journal of Cancer, 108:1677-1683 

Templeton, A.J., McNamara, M.G., Seruga, B., Vera-
Badillo, F.E., Aneja, P., Ocana, A., Leibowwitz-Amit, 
R., Sonpavde, G., Knox, J.J., Tran, B., Tannock, I.F. 
and Amir, E. (2014). Prognostic role of neutrophil-to-
lymphocyte ratio in solid tumours: a systemic review 
and meta-analysis. Journal of National Cancer 
Institute, 106, dju124  

Teramukai, S., Kitano, T., Kishida, Y., Kawahara, M., 
Kubota, K., Komuta, K. et al., (2009). Pretreatment 
neutrophil count as an independent prognostic 
factor in advanced non-small cell lung cancer: an 
analysis of Japan multinational trial organization, 
LC00-03. European Journal of Cancer, 45(11):1950-
1958 

Terasawa, K., Furumoto, H., Kamada, M. and Aono, 
T. (1996). Expression of Tn and sialyl-Tn antigens in 
neoplastic transformation of uterine cervical 
epithelial cells. Cancer Research, 56:2229-2232 

Tomita, M., Shimizu, T., Ayabe, T., Yonei, A. and 
Onistsuka, T. (2011). Pre-operative neutrophil to 
lymphocyte ratio as a prognostic predictor after 
curative resection for non-small cell lung cancer. 
Anticancer Research, 32(9):2995-2998 

Trellakis, S., Farjah, H., Bruderek, K., Dumitru, C.A., 
Hoffmann, T.K., Lang, S. and Brandau, S. (2011). 
Peripheral blood neutrophil granulocytes from 
patients with head and neck squamous cell 
carcinoma functionally differ from their counterparts 



Sahel Journal of Life Sciences FUDMA 1(1): 109-123, 2023 

Balogun et al.  123 
 

in healthy donors. International Journal of 
Immunopathology and Pharmacology, 24:683-693 

Wang, C., Civan, J., Lai, Y., Cristoffanilli, M., Hyslop, 
T., Palazzo, J.P., Myers, R.E., Li, B., Ye, Z., Zhang, K., 
Xing, J. and Yang, H. (2015a). Racial disparity in 
breast cancer survival: the impact of pre-treatment 
haematologic variables. Cancer Causes and Control, 
26(1):45-56 

Wang, F., Liu, Z., Xia, Y., Zhou, C., Shen, X., Li, X., Han, 
S., Zheng, Y., Mao, Z., Gong, F., Tao, M., Lian, L. and 
Li, W. (2015b). Changes in neutrophil/lymphocyte 
and platelet/lymphocyte ratios after chemotherapy 
correlate with chemotherapy response and 
prediction of prognosis in patients with unresectable 
gastric cancer. Oncology Letters, 10(6):3411-3418 

Wang, F., Xu, G., Zhang, Y. and Ma, L. (2014). Red cell 
distribution width is associated with presence, stage 
and grade in patients with renal cell carcinoma. 
Disease Markers, 860419: 1-7.  

Waters, J.P., Pober, J.S. and Bradley, J.R. (2013). 
Tumour necrosis factor and cancer. Journal of 
Pathology, 230: 241-248 

Wu, Y. and Zhou, B.P. (2009). Inflammation: a driving 
force speeds cancer metastasis. Cell Cycle, 8:3267-
3273 

Zhang, M., Huang, X., Song, Y., Gao, P., Sun, J., and 
Wang, Z. (2017). High platelet to lymphocyte ratio 
predicts poor prognosis clinicopathological 
characteristics in patients with breast cancer: a 
meta-analysis. Biomed Research International, 
9503025:1-11. 

Zhang, S., Zhang, H.S., Cordon-Cardo, C., Reuter, 
V.E., Singhal, A.K., Lloyd, K.O. and Livingstone, P.O. 
(1997). Selection of tumour antigens as targets for 
immune attack using immune attack using 
immunohistochemistry: II blood group-related 
antigens. International Journal of Cancer, 73: 50-56 

Zhou, X., Fan, W., Yang, G. and Yu, M. (2014). The 
clinical significance of PR, ER, NF-κB and TNF-α in 
breast cancer. Disease Markers, 2014(494581): 1-7 

 


