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Background: Multiple studies have reported that tumour-associated-macrophages 
(TAMs), which are abundant in the tumour stroma, are related to poor prognosis in 
different tumours, such as pancreatic adenocarcinoma, gastric cancer, and bladder 
cancer (BC). They exert a pivotal role in modulating tumor-progression and adjusting 
response to immunotherapy. In this article, we strive to evaluate the significance of 
CD14-positive TAMs levels in relation to BC development. Methodology: Based on 
the immuno-phenotypic analysis, the counts of TAMs bearing CD14 and IL23-
receptor (IL23R) fractions were determined in 15 healthy-controls and 26 BC-
patients, using a panel of phycoerythrin (PE)-labelled monoclonal-antibodies. 
Concomitantly, serum-levels of IL23 and IL17 cytokines were identified by ELISA-
technique. Results: Findings revealed a higher levels of CD14

+ 
IL23

+ 
TAMs in BC 

patients sera [P= 0.035] compared to controls, and this increment was positively 
associated with advancing in tumour-grade [P=0.001] and stage [P< 0.043]. In 
context of bladder carcinogenesis, concentration of the aforesaid TAM subpopulation 
correlates positively with increased levels of both IL23 [r = 0.66, P<0.01] and IL17 [r = 
0.657, P<0.01]. Conclusions: The study suggested that CD14-positive TAMs, 
especially those harboring IL23R engage in inflammation-related tumourgenesis by 
fostering the up-regulation of the inflammatory IL23/17 immune axis, and further can 
be utilized as a prognostic marker for BC development and progression. 

Keywords 
Bladder cancer,  

tumor associated macrophages,  

interleukin 23 receptor,  

chronic inflammation 

 

 
1. Introduction  

Bladder cancer (BC) is regarded the 10th most 
pervasive malignancies all over the world, with a 
particularly high morbidity and mortality rates in Western 
Asia and Northern Africa [1-3]. Although the mortality and 
incidence-rates have substantially-declined across the 
globe in the past ten years, there are still a noticeable-
increases observed in some economically vulnerable 
countries [4, 5]. In Egypt, owing to the differences in health-
related behaviors and the consumption patterns between 
the sexes, chances for men to contract the BC are four 
times higher than women, with an average incidence-rate 
of 12.5 male-patients for each 100,000 people yearly [6]. 
Most BCs are derived histologically from the transitional 
epithelium layer that lines the inner surface  
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of the urinary tract, and hence are termed as transitional-
cell-carcinoma (BTCC)[7, 8]. The BC aetiology is multi-
factorial process influenced by both acquired and inherited 
variables.  Smoking in either positive or passive form is 
well-recognized as the best risk-factor for developing BC 
[9]; However, long-term-inflammation induced by renal 
stones, schistosomiasis eggs and chemical irritants may 
have a more closely related role to the development of BC 
[10-17]. Of note, the tumour survival is regarded as a 
chaotically governed process refers to the interplay 
between cancerous cells and the tumour micro-
environment (TME), where their activities are rerouted to 
benefit tumour growth. TME is a multi-cellular system 
comprising a heterogeneous cells involving the cancerous 
cells and other tumor-infiltrating myeloid cells. The latter 
cells provide the essential "soil" for the tumour growth and 
progression[18]. Cancer can disarm the immune-
surveillance by crippling the anti-tumoural functions of 
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natural killer (NKs) and cytotoxic T-cells through  
production of multiple immuno-suppressive cytokines. 
These cytokines are secreted in large amounts in TME 
either by the tumour cells or by the non-cancerous cells 
present in the TME, especially tumor-associated 
macrophages (TAMs) [19-21]. Hanada and his coworkers 
found that in BC patients with high TAMs count, tumour 
distant spreading and cystectomy were significantly more 
frequent and a 5-year survival rates lower [22]. Following 
Bacillus Calmette-Guérin (BCG) Immunotherapy, a high 
density of TAMs was significantly correlated with worse 
response to the treatment [23, 24]. In cancer-related 
inflammation, TAMs and dendritic cells are known to be the 
predominant sources for the pro-tumoural cytokine IL-23 
[25, 26]. The main role of IL-23  is to uphold the 
differentiation of naïve CD4

+
 T-cells and subverts T-helper 

(Th)-1 and  Th-2 differentiation for the generation of Th-17 
cells. In tumourgenesis, this mechanism is believed to 
mediate tumour growth by over-expressing of IL-17 in TME 
[27-32]. Despite the clear link between IL-23 and Th-17 
cells, a role for IL-17 in tumour initiation has only recently 
been evaluated. Emerging data suggested the involvement 
of IL-17 in the persistent activation of the nuclear 
transcription factor (NF)-κB and bring about genomic 
instability, resistance to apoptosis, tumour-cell survival and 
proliferation [33-38]. Within the tumour stroma, Th-17 cells 
are gradually elevated during tumour development [39] and 
contribute to the carcinogenesis process via directly and 
indirectly manners. Investigators suggest that IL-17 can 
induce tumourigenesis by acting directly on transformed 
cells. For instance, IL-17 can induce the proliferation of 
transformed colon enterocytes [40]. However,  to indirectly 
promote tumour development and metastasis, IL-17 is 
implicated in up-regulating  the production of pro-
angiogenic factors [41, 42]. In this paper, we firstly strive to 
assess the significance of TAMs serum levels in relation to 
clinicopathologic features of  BTCC patients. Second, we 
proposes a novel hypothesis that TAMs, especially those 
bearing IL23 receptor (IL23R), may have a potential 
biological impact on IL23/IL17 inflammatory immune axis, 
which may lead to increase the chances of inflammation-
induced bladder carcinogenesis.  

2.Methedology 

2.1.Study population   

The current research was performed at the Urology and 
Nephrology Center [UNC], Mansoura University, Egypt, 
from April 30, 2017 to December 1, 2018, on 26 BC 
patients who were hospitalized for a possible tumour 
resection. All research cases have the same ethnic history 
and come from the northern Egyptian province of Dakahlia. 
In compliance with ethical guidelines, prior to hospital 
admission, informed consent was regularly obtained from 
each patient. On the basis of reviewed and validated 
records received from the hospital information system, 
patients were pathologically diagnosed as having BTCC. 
The baseline features and laboratory findings of BTCC 
patients and controls are included in Table-1. To nominate 
any confounding-risk-factors, we picked 26 newly-

diagnosed patients with no past-history of autoimmune 
disorders, free of other cancers and with no previous-
chemotherapy. For this pilot-study, cases included 8 
females and 17 males, with a median-age of 64 years, and 
none of the cases reported a past history of pro-
inflammatory-drugs within two months before their 
admission to the hospital. The controls were mostly 
matched (P>0.05) with cases by age (±5 years) and sex 
with lacking evidence of autoimmune disorders or 
malignant tumours and were not genetically-linked to the 
cases.  

2.2. Flow cytometric analysis  

Five milliliters of venous-blood were withdrawn from each 
patient and healthy individual into a 10 ml sterile-
vacutainer

®
 tube containing EDTA as an anti-coagulant 

and the samples were preserved at 4˚C to be appropriate 
for analysis. As displayed in the  Figure 1, the immuno-
phenotypic-analysis of the IL23R-carrying TAMs relied on 
phycoerythrin (PE)-labelled monoclonal antibodies 
(MoAbs) which were conjugated with CD14 and IL23. Both 
MoAbs were imported from (Dickinson, CA-95131, USA). 
Each individual's blood sample was aseptically and 
aliquotted. One part was planned to determine the count of 
these labelled cells, although the other part was allocated 
to evaluating the antibody's non-specific binding. In the first 
tube indented to the cell-measurement, leucocytes were 
stained by the addition of 5µL of the fluorescence-labeled 
MoAbs to 100ul of the whole-blood and incubated in the 
dark at 22-25°C for 20 minutes. After staining, erythrocytes 
were utterly destroyed with the addition of 200 ul Facs 
Lyse-solution (Becton & Dickinson, San-Jose, CA). 
Thereafter, the reaction mixture was tenderly vortexed for 
30 seconds, incubated again for 10 minutes in the dark at 
22-25°C temperature, centrifuged at      300g for 5 minutes 
and the supernatant should be cautiously dispensed. The 
cell-pellets were redissolved in a solution containing 500μL 
phosphate-buffered-saline containing % bovine-serum-
albumin and 0.09 % sodium-azide, PH 7.2, to be eligible for 
flow-cytometry. 

2.3. Cytokine levels determination 

Once again, three milliliters of blood were collected from 
each patient and healthy individuals into a 4 ml sterile 
serum vacutainer ® tube containing no anticoagulant 
substance and compelled to coagulate using a refrigerated-
centrifuge by centrifuging for 30 minutes at 4000 rpm. 
Then, sera was promptly isolated and transferred into 
sterile-eppendorf tubes using a Pasteur pipette and held at 
2-8 °C till handling. Using the Enzyme-linked 
immunosorbent (ELISA) kit ordered from [Shanghai Coon 
Koon Biotech Co., China], the serum-concentrations of 
IL23 and IL17 were then measured. 

2.4. Statistics 

The data was tabulated and analyzed using the SPSS-
software [Chicago, IL, version 22 ] and GraphPad Prism 
7.04 [GraphPad Software, Inc., California] program. As 
regard to demographic and clinical characteristics of the 
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study population, categorical variables including gender, is 
presented as frequencies with percentages and were 
compared with the chi-square χ2 test. On the other, 
continuous variables with normally distribution such as age 
and laboratory findings are compared by Student t test and 
represented as mean ± standard error (SE).To discriminate 
disparities in serum levels of TAMs, IL23 and IL17 within 

the categories of BTCC patients and healthy individuals, 
we adopted a non-parametric Mann-Whitney-U test, and 
data was depicted as a median and interquartile-range 
[IQR; 25th to 75th percentile]. Pearson-correlation 
coefficients (r) were calculated for the potential relationship 
between TAMs levels and other measured cytokines (P-
value of <0.05 is regarded significant). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Flow-cytometric analysis of the frequency IL23R+ CD14+ cells in peripheral-blood obtained from A) BTCC 
patients with high grade and invasive tumours, B) BTCC patients with Low-grade and superficial tumours and C) healthy 
individuals. TAMs cells were stained with PE-conjugated anti-CD14 and anti-IL23R monoclonal antibodies. 

3.Results 

Patients were graded as conveyed in Table-1 into low-
grade(grade 1-2) and high-grade(grade 3-4) BTCC, using a 
combined-pathological-classification system for tumour 
tissues, according to the World-Health-Organization-
guidelines (WHO) for 2014 (3rd edition). [43-46]. Further, 
patients were subcategorized into two major groups with 
regard to tumour invasion into the muscularis propria layer: 
muscle invasive carcinomas (stage-T2 and above) that 
invade the muscle layer of the bladder (lamina-muscularis-
propria), while non-muscle-invasive-neoplasm contains 
tumours restricted to mucosa and/or invasive sub-mucosa 

(stages Ta, T1, and carcinoma in situ-Cis) [7]. All the study 
findings are compiled in Table 2. It was observed that the 
levels of TAMs-harboring IL23R were higher in the sera of 
BTCC patients [P= 0.035] than in healthy individuals, and 
that the increase in their levels was positively correlated 
with advancing in tumour-grade [P =  0.001] and stage (P < 
0.043) respectively. Likewise, concentrations of IL23 [P < 
0.001] and IL17 [P < 0.001]  in the cancer-patients were 
higher than in the controls and their levels has shown a 
typical association with a high-stage [P < 0.001] and high-
grade [P < 0.04] cancers compared to less severe types of 
the disease, as shown  in Table 2 and Figure 2.  
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            Table 1. Baseline-characteristics of the BTCC patients and Controls 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abbreviations;  SE; standard error;   a) Student T-test   b) Chi-square (χ2) test.  P-Value <0.05 considered significant (bolded) 

 

Table  2. Circulating Levels of IL23R+ CD14+ TAMs, IL23 and IL17 in the peripheral blood of BTCC and control 
groups 

Study groups  

 IL23R+CD14+TAMs  (cells/ µl) 

 

Interleukin-23 ( pg/ml) 

 

Interleukin-17 ( pg/ml) 

 
Median 
[IQR] 

P-value 
Median 
[IQR] 

P-value 
 Median 

[IQR] 
P-value 

          
Healthy group  1004.9 [836] reference  101.6 [41.7] reference  47.5 [8.0] reference 

BTCC patients  1965.29 
[1352] 

0.035
a
  213.0 [192] <0.001

 a
  60.82 

[25.14] 
< 0.001

 a
 

Superficial Tumours  1047.2 [833] reference  123 [149] reference  51.8 [10.95] reference 

Invasive Tumours  2084.2 [5036] 0.043
a
  222.9 

[156.7] 
0.038

a
  66.8 [21.6] 0.036

a
 

Low grade Tumours 
 

 1368[921] reference  123.5 [52.7] reference  47.8 [15.4] reference 

High grade Tumours  2335 [40.99] 0.001
a
  305 [156.4] <0.001

a
  70.8 [27.3] <0.001

a
 

Abbreviations; IQR, Interquartile range  
a
 Mann whitney U test; The value of p < 0.05 was  statistically considered significant (bolded) 

With respect to the cancer patients, positive correlations 
were evidenced between serum IL23

+ 
CD14

+
 TAMs levels 

and the serum levels of IL23 (r = 0.66, P<0.01) and IL17 (r 
= 0.657, P<0.01), when applied a bivariate correlation 
analysis (Figure 3). 

4.Disscussion 

BTCC represents a growing numbers of solid-tumours 
accompanied by the infiltration of a significant number of a 
wide variety of myeloid-cells into a neoplastic lesion [47, 
48]. Among the diverse circulating myeloid-cells recruited 
to the TME, tumor-derived macrophages or TAMs are 
rendered predominant elements [49] Copious evidence 
showed that TAMs are crucial in regulating cross-talk 
between TME and tumour-cells and further implicated in 
multiple steps of tumour progression and invasion [50]. 

Clinical and preclinical data suggested a close association 
between increased TAMs infiltration and poor prognosis in 
most of tumours types [49], such as BC [51], gastric cancer 
[52], glioblastoma [53] and pancreatic-ductal-
adenocarcinoma (PDAC) [54]. On the other side, TAM 
penetration has also been shown to be correlated with a 
favorable prognosis in certain cancers, such as in 
colorectal cancer [55] and ovarian cancer [56]. These 
varying outcomes may be attributed not only the divergent 
cancer types, but also some intratumoural factors, 
including the TAM distribution location in the TME. For 
instance, studies conducted on non-small-cell lung-cancer 
(NSLSC) reported that higher TAMs infiltration in tumour-
islets was correlated with a good prognosis, whereas 
elevated levels of circulating TAMs in the tumour stroma 
were observed to be linked with a poor prognosis [57, 58]. 

         Characteristics BTCC (N= 26) Healthy controls (N= 15) P-value 

Age (Years), Mean ± SE 64.04±7.4 61.33 ±1.47 0.49 
a
 

Gender; Male, N(%)  17(65.4%) 11(73.3%)  0.434
b
 

Female, N,(%) 9(34.6%) 4(26.6%)  

Clinicopathological features    

Grade;  High grade, N(%) 14(46.2%) ----- ----- 

Low grade, N(%) 12(53.8 %) ------ ------ 

Stage;  Invasive (N,%) 17(65.4 %) ------ ------ 

Superficial (N,%) 9(34.3%) ------ ------ 

Laboratory findings;    

Creatinine (mg/dl, mean ± SE) 1.7 ± 0.28 1.25 ±  0.26 0.215
 a

 

Glucose (mg/dl, mean ± SE) 160.03 ± 22.8  117.60 ± 10.7 0.101
 a

 

Uric acid (mg/dl, mean ± SE) 6.046 ± 0.58 6.36 ± 0.77 0.74
 a

 

Total bilirubin  (mg/dl, mean ± SE) 0.873±0.19 0.673 ±  0.07 0.45
 a

 

Neutrophils ( x10
3
 cells/ µl,  mean ± SE) 67.08 ± 2.3 67.47 ± 0.1 0.9

 a
 

Lymphocytes ( x10
3
 cells/ µl,  mean ± SE) 23.31±2.76 21.93±2.9 0.7

 a
 

Monocytes ( x10
3
 cells/ µl,  mean ± SE) 8.92±0.699 8.0±0.67 0.35

 a 
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Figure 2. Box-and-whiskers diagram denotes the serum-levels of parameters including A) IL23+ CD14+ TAMs B) IL23, 
and C) IL17 in relation to clinicopathologic features. Based on the Mann whitney U test, the middle-line of each bar 
presents the median serum-levels, while the top and bottom of the boxes represents the third and first quartiles.  

 

 



                                Mohammed El-Gedamy et al /Frontiers in Scientific Research and Technology 2 (2021) 11-18                              16 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Correlation of CD14-positive-TAMs harboring-IL23R with the serum levels of IL23 and IL17 regarding the 
BTCC patients. Correlation is significant for P<0.05.    

As regards circulating TAMs levels within BTCC patients 
sera, the current work revealed that high counts of CD14-
positive TAMs relative to controls and that was significantly 
correlated with high tumour grade and increased degree of 
tumour invasion. Therefore, elevated levels of such TAM 
sub-population can be used as a possible prognostic 
marker for tumour progression. In support of our notion, 
Hanada and his coworkers reported that a high density of 
TAMs was correlated significantly  with a poor prognosis of 
BC, highlighting its importance in predicting the clinical 
outcome [22]. To discriminate the distinct role of CD14-
positive TAMs in tumour initiation or progress, we should 
uncover its implicit influence in creating a persistent 
inflammatory milieu more vulnerable to tumourgenesis [31, 
59-61]. In the context of BTCC, it is urgently needed to 
assesses the impact of these TAMs subsets, particularly 
those bearing IL23R [CD14

+ 
IL23R

+ 
TAMs] on the 

modulation of IL23-IL17 inflammatory-immune-axis. To up-
regulate of IL23R-positive TAMs in TME during 
tumourgenesis, IL-23 elaborated by TAMs requires to act 
on themselves through the IL-23R-mediated-autocrine-
manner [25, 62, 63]. Consistent to this envision, our 
findings revealed that the increased levels of IL23R-
positive

 
TAMs in cancer patients was positively correlated 

with augmenting the expression of IL23 and IL17 cytokines, 
which in turn establishes  inflammatory environment 
orchestrating cancer initiation and promotion of tumour 
growth [26, 64, 65]. Further on, much noticeable evidence 
suggests that the increment of IL-23 and IL17 levels in the 
tumour stroma is thought to be in charge of mitigating the 
cytotoxic effects of  CD8

+
T-cells and natural killers, thus 

profoundly inclining the local environment toward the pro-
tumour profile [19-21, 66]. Nevertheless, further in-depth 
investigation on a wide-scale of volunteers is urgently 
warranted in terms of fully understand the distinct 
mechanism through which CD14-positive TAMs mediate 
chronic-inflammation and cancer growth.  

5. conclusion 

Our study defines the crucial role of  a high CD14-positive 
TAMs serum levels as a hallmark of BTCC tumour 
development and progression. In this regard, our findings 
revealed a significant increase in their levels in cancer 
patients compared to the healthy volunteers, and that the 
increase in their levels was positively correlated with 
advancing in tumour-stage. In particular, CD14

+
 TAMs 

subpopulation bearing IL23R might drive tumour growth by 
a sustained elevation of IL23 and IL17 cytokine levels. As 
consequence, therapeutic targeting of TAMs might 
represent a strategy for treating BTCC.   
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