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ABSTRACT 

Non-small cell lung cancer (NSCLC) is a leading cause of cancer related mortality. Main factors of 

development of NSCLC are many immune cells involved in tumor microenvironment. Infiltration 

with CD68 positive tumor associated macrophages (TAM) in the tumor stroma or in the tumor islets is 

associated with prognosis and stage of the disease for a long time. Investigating 

immunohistochemically 40 patients with NSCLC we discovered that 25% of patients with metastasis 

in lymph nodes had low infiltration with TAM in the tumor border, while 35.7% of the patients 

without metastasis- the infiltration was high (х2=5.19; р=0.023). We also discovered that all patients 

in stage I and 66.7% of the patients in stage II had low infiltration with TAM in the tumor border, 

while 100% of those in stage IV had high infiltration in the border (x2=5.44; p=0.02). In addition, we 

observed that 52.9% of the patients in T3-4 the infiltration of the tumor border with TAM was high, 

while only 16.7% of those in T1-2 had high infiltration (x2=2.92; p=0.087). 

In investigated by our team lung cancers, clear associations were established between CD68 positive 

cells density in the tumor border and stage of the disease. 
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INTRODUCTION 

Lung cancer is the most common cause for 

cancer related mortality. In more than 85% of 

the cases of lung cancer non-small cell lung 

cancer (NSCLC) is diagnosed (1). Many 

factors are involved in progression and 

development of the NSCLC like: genetics, 

factors of the environment, anti- tumor 

immunity, tumor microenvironment and 

others. The central place in the processes of 

tumorigenesis and anti- tumor immunity is 

taken by the tumor microenvironment.  The 

escape from the immune response by the tumor 

is achieved in different ways, from escape of 

anti- tumor immunity to induction of immune 

tolerance, which both ease the tumor growth 

and progression. Main mechanisms are 

inhibition of the antigen presentation, 

inhibition of the anti- tumor immune cells, and 

active recruitment of immune cells by the 

tumor itself (2, 3). 
___________________________ 
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The tumors are infiltrated by many different 

immune cells. The infiltration of the tumors 

with specific immune cells is associated with 

good as well as bad prognosis, depending on 

the type of the cells (4).  The consideration, 

that the defining the type, concentration and 

localization of the different immune cells in 

the tumor microenvironment could be used as 

predictive biomarker for progression and 

prognosis of the cancer is known for a long 

time (5). 
 

Key component of the tumor 

microenvironment are the tumor associated 

macrophages (TAM) (6, 7). This group of 

immune cells plays an important role as 

immune regulator in the tumor 

microenvironment and is also potential target 

for anti- cancer therapy (8). Tumor associated 

macrophages demonstrate as anti- cancerous, 

as well pro- cancerous abilities. Which one of 

their abilities will be demonstrated depends on 

their specific polarization. There are two types 

of TAM, M1 type as consequence of 

classically activated TAM and M2 type as 

consequence of alternative activation of TAM 

(9). 
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Macrophages polarized as M1 phenotype are 

also known as inhibitory type macrophages 

because of their stimulation of Th1 mediated 

immune response (10). Substances like 

interferon-γ, lipopolysaccharides, TNF-α and 

GM-CSF can induce M1 polarization and the 

end result is tumoricidal and bactericidal effect 

(9, 11, 12). 
 

Macrophages polarized as M2 phenotype are 

also known as “heeling” type macrophages, 

because of their role in Th2 mediated immune 

response (10, 11). The M2 type macrophages 

are activated by substances like IL-4, IL-10, 

IL-13 and prostaglandin E2 (12-14). The 

activated M2 macrophages induce Th2 

mediated immune response and as end result 

processes of tissue reparation, remodeling, 

angiogenesis, and tumor progression are 

implemented (12, 13, 15). 
 

The dual nature of TAM in the processes of 

tumor progression and development is 

established in vitro as well as vivo studies in 

different types of cancer. In these studies many 

markers for qualification of different types of 

TAM were used (CD68, CD163, CD204, 

HLA-DR and others). It was also payed 

attention to the location and density of TAM in 

tumor border, in the tumor islets, or in both 

places (16-20). 
 

The role of TAM in progression and 

development of NSCLC remains unclear 

because of some discrepancies between the 

results of the present studies. It is not fully 

determined the association between the degree 

of infiltration with TAM and the prognosis and 

stage of NSCLC. 
 

We aimed to investigate the degree of 

infiltration with CD68 positive cells in a group 

of patients with NSCLC and to correlate the 

data with clinical- morphological and overall 

survival data. 
 

MATERIALS AND METHODS  

Biopsy materials taken from 40 patients after 

lung resection in Clinic of Thoracic surgery of 

University Hospital in Stara Zagora were 

investigated. The biopsies were made in the 

years between 2007 and 2017. The group is 

made up by 37 men and 3 women, the age 

diapason was between 24 and 77 years (mean 

62.8 years). Retrospectively, clinical ad 

histological data was gained and are presented 

in Table 1. 
 

 
Table.1.Themainclinicalandhistologicalparameters of thepatients(n=40) 

Parameter Number (%) 

Clinicaldata (n=40) 

Gender 
Male 
Female 

 
37 (92.5) 
3 (7.5) 

Age (years) 
median 
(range) 

 
62.8 
(24-77) 

T stage 
T1-2 
T3-4 

 
6 (15) 
34 (85) 

N stage 
N0 
N1-3 

 
12 (30) 
28 (70) 

Metastases 
No 
Yes 

 
33 (82.5) 
7 (17.5) 

Clinical stage 
I-II 
III-IV 

 
21 (52.5) 
19 (47.5) 

Hystological type 
AC 

SCC 

 
15 (37.5) 
25 (62.5) 

 
The biopsy tissue is investigated by routine 

histochemical methods and immunohisto-

chemically. After fixation in 10% buffered 

formalin, the tissue was included in paraffin 

and was cut in 4µm than deparaffining was 

made. Next step was inhibition of endogenous 

peroxidase for 5 min with blocking reagent 

following protocol for immune histochemical 
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investigation with respective antibody. Next 

process was antigen revealing in buffer 

solution for 20 min in 95 ’C. After that the cuts 

were washed 3 times in PBS and were 

incubated with primary antibody for an hour. 

This was followed by another 3 times washing 

and incubation for 20 to 40 min with detection 

system. At the end, after another wash up and 

incubation, twice for 5 min in DAB the probes 

were stained with Mayer’s hematoxylin. 
 

Immunohistochemical investigation was made 

with monoclonal mouse anti-human antibody 

CD68 (KP1, DAKO) in solution 1:100, and 

detection system EnVision
TM

 FLEX+, Mouse, 

High pH, (Link) (K8002, DAKO). 
 

Cell counting 

The CD68 positive cells were reported in two 

locations: tumor border and tumor nests in so 

called hot spots of five fields of vision in 

magnification x320, 0.74mm
2
. The degree of 

infiltration with cells was calculated on 1 mm
2
.  

 

Statistical analysis 

The data of the investigations was statistically 

processed with SPSS for Windows Version 16 

(SPSS, Inc., Chicago, IL, USA). For 

comparison of the frequency of the 

investigated parameters 2-test was used. For 

tracing of the survival of the patients – 

Kaplain- Meier analysis was used, which find 

the differences between curves by log- rank 

test. All analyses considered for reliable had 

level of significance p<0.05. 
 

RESULTS 

After immunohistochemical analysis, the 

gained data was correlated with clinical and 

morphological characteristics of the patients. 

For this purpose the patients were divided in 

four groups: with low or high degree of 

infiltration with TAM in the tumor nests or 

border. Statistically significant association was 

found according to number of the CD68 

positive cells in the tumor nests, the presence 

of lymph metastasis (N) and clinical stage. A 

tendency according to degree of infiltration 

and tumor size (T) was also established.  
 

In 25% of the patients with lymph node 

metastasis, low degree of TAM infiltration in 

the tumor border was observed, while in 35.7% 

of the patients without metastasis the 

infiltration of the border was high grade 

(x2=5.19; p=0.023). We also found that 100% 

of the patients diagnosed in clinical stage I and 

66.7% of the patients in clinical stage II had 

low grade infiltration with TAM in the border, 

while in 100% of the patients in clinical stage 

IV were with high grade infiltration of the 

tumor border (x2=5.44; p=0.02). 
 

In addition, in 52.9% of the patients in T3-4 

the infiltration of the tumor border with TAM 

was high, compared with only 16.7% of the 

patients in T1-2 with high infiltration of the 

border (x2=2.92; p=0.087). 
 

Available data for survival was found for 31 

patients but after analysis, no statistically 

significant correlation with degree of 

infiltration was established (Figures 1, 2). 
 

No others significant correlations were found 

in analysis of the distribution and the grade of 

infiltration of the investigated cells and others 

parameters. 

 
Figure 1.Associationbetweensurvivalanddegree of infiltrationwith CD68 intumornests. 
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Figure 2.Associationbetweensurvivalanddegree of infiltrationwith CD68 intumorborder. 

 
 

DISCUSSION 

The most commonly used marker for 

investigation of TAM is CD68. In reviewing 

the available data in the literature, we found 

that in general there are nine studies which 

aimed to investigate the significance of the 

infiltration of NSCLC with CD68 positive 

cells, by paying attention of the distribution of 

the CD68 positive cells in the tumor border or 

islets (16, 19, 21- 27). 
 

The sum of the infiltrating TAM in the tumor 

stroma and tumor nests fails to be associated 

with prognosis or severity of the disease in 

NSCLC, unlike in other tumors. Such 

association was missing after analysis of our 

results. Examined separately, the number of 

TAM infiltrating the tumor stroma and tumor 

nests respectively were established as 

informative about stage and prognosis of 

NSCLC. Having this in mind, in our study we 

divided the patients in categories according to 

the presence of low or high grade of infiltration 

with CD68 positive cells of tumor border or 

islets. The high grade infiltration of the tumor 

stroma with CD68 positive cells as well as low 

grade infiltration of the tumor islets indicates 

bad prognosis and advanced disease (19-22, 

24, 26). All this data is confirmed by our 

results, where all patients with high degree of 

infiltration of the tumor border were in IV 

clinical stage. The presence of advanced 

disease could be explained by the different 

impact of CD68 positive cells depending on 

their distribution. 
 

 

It is known that CD68 is a marker expressed 

on the surface of many different cells as 

monocytes, macrophages, fibroblasts, 

endothelial cells and even some cancer cells 

(28). Therefore, if CD68 is used as marker for 

detection of macrophages the results could be 

misleading. 
 

Although, in our section was not found 

correlation between degree of infiltration in the 

tumor islets and prognosis or stage of disease, 

such correlation was observed in some studies. 

Patients with NSCLC and high grade 

infiltration with CD68 positive cells in tumor 

islets have better prognosis, and the CD68 

positive cells were proven mostly as M1 type. 

Exactly the opposite, worse outcome is 

observed when the high grade of infiltration is 

found in the tumor stroma, where the dominant 

type of CD68 positive cells was M2 type. In 

support of this it was proven that 70% of TAM 

in the tumor islets is M1 type and also that 

TAM in tumor stroma most commonly are M2 

type (20, 29). The difference in the distribution 

of M1 and M2 types of TAM is associated 

with prognosis and severity of disease and is 

totally correlating with their functions. The 

reverse polarization of CD68 positive TAM in 

tumor stroma or islets is definitive for pro- or 

anti- tumor capabilities that these cells realize 

depending on their localization. 
 

Some studies investigated the tumor 

border/islet ratio of CD68 positive cells. The 

conclusions pointed that high border/stroma 
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ratio is associated with better prognosis (19, 

23, 30, 31). 
 

In conclusion, there is no established 

correlation between the total count of CD68 

positive cells and histological type or TNM 

stage in patients with NSCLC. Lack of 

association is found between histological type 

and concentration of CD68 positive cells in the 

tumor islets, although intensively infiltrated 

tumors were mostly in III- IV clinical stage. 

High degree of infiltration in the tumor border 

with CD68 positive cells is definitively 

associated with low grade of differentiation 

and presence of lymph metastasis (16, 19, 23, 

24, 32).  
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