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Introduction 
• BM is a common homing and surviving organ for cancer cells, 

where these cells to escape from the host immune system in a 
dormant state.  

• Micrometastatic spread to bone marrow by disseminated tumor cells 
(DTCs), defined as cytokeratin (CK)-positive cells.   

• There are  many difficulties in interpreting CK-positive cells as 
tumor cells and discriminating between CK-positive cells of 
haematopoietic and non-haematopoietic.  

• DTCs are diagnostic criteria for micrometastatic spread and 
independent marker of a poor prognosis in cancer (American Joint 
Committee on Cancer classification). Comparison of different 
detection methods were performed.    

• Detection of micromtastasis in bone marrow can determine surgery 
strategy as well. 

• Therefore a rapid technique for detection of micrometastases in 
bone marrow would provide basis for surgeons making a decision 
whether to perform a standard operation or a more radical surgery.  



Patients 

25 Cancer patients 

•  14 lung cancer 

•  11 esophageal cancer 

Stage II- 8, III-14, IV- 3 

Rib segments were used for analysis of 

micrometastases. 

 

 

 



Isolation of mononuclear cells from 

bone marrow of rib fragments 

   The resected rib segment were directly taken from 

surgery to the laboratory where bone marrow were 

out of the rib with medium and the lymph nodes were 

disaggregated to isolate the cells into the RPMI 1640 

medium. Then mononuclear cells (MNC) were 

separated from bone marrow and lymph node cells by 

standard Ficoll-Hypaque density centrifugation  



• Immunocytochemical detection of micrometastases was performed 
with CK 18 MAb (NCLC51, Novocastra). The collected MNCs 
were centrifuged down to polylisine-coated glass slides with  
“Cytospin” cytocentrifuge and smears of different concentrations 
were prepared. The cytospins were air-dried at room temperature 4 
hours and stored at room not more than 3-5 days. The slides of 
0.5x106 cell concentration were then used for analysis.  

 

• For magnetic separation a Carcinoma Cell Enrichment Kit (Miltenyi 
Biotec, Germany) with MACS MicroBeads conjugated to a 
monoclonal anti-cytokeratin 7/8 antibody (Clone: CAM5.2. Isotype 
Ig2a2) was used. The procedure is described by the manufacturer. 

 

• MNC after magnetic separation were stained with FITC-conjugated 
MAb to CK and CD45 antigen and the same isotype irrelevant 
FITC-conjugated MAb was used as  control. 

• Samples were evaluated by fluorescent microscopy 

 

 
 



Immunocytochemical examination of 

bone marrow samples with CK –

antibody  

• The series of slides demonstrate several 

variants of CK+ bone marrow cells of patients 

with lung and esophageal cancer 

• The samples present single or groups of CK+ 

bone marrow cells of different size and shape. 

Some of them may be estimated as tumor cells, 

some – as probably tumor cells and some – as 

false-positive tumor cells. 

 



CK+ bone marrow cells of patients with 

esophageal cancer 



CK+ bone marrow cells of patient with lung 

cancer 



CK+ cells: tumor cells, probably tumor cells 

and false positive cells 
• Immunocytochemical 

technique for 
micrometastases detection 
showed 14 samples of 
immune-positive CK+ cells 
out of 25 studied bone 
marrow samples of patients 
with lung and esophageal 
cancer.  

• To discriminate them from 
false-positive CK- stained 
cells, we used morphological 
criteria proposed by 
E.Borgen et al. According to 
such criteria only 9 
samples could be referred 
to as tumor cells. 

Tumor cells Probаbly TC

False-positive CK-negative



Summary 
• Immunocytochemistry assay uncovers CK+ bone 

marrow cells.  

• The number of CK+ cells  does not correlate with 

stage of disease and  does not depend on tumor 

localization.  

• Time-consuming and laborious technique of 

immunocytochemistry complicates intraoperative 

diagnostics of micrometastsis  

• Immunocytochemistry staining masks typical 

histopathological features and may show false-

positive results. 



Immunomagnetic separation of CK+ cells has an 

advantage of: 

• Rapid isolation of CK+ cells from bone 

marrow 

• Possibility of subsequent standard staining 

of isolated cells for histological evaluation 

of tumor cells 



CK+ bone marrow cell isolated by magnetic 

separation   

• A- intact cells after magnetic separation 

• B – same cells after immunostaining with CK+ (FITC-

conjugated) 

A B 



CK-negative bone marrow cells 

(negative control) 

• A- native CK-negative cells after magnetic separation 

• B – same cells CD45+(FITC- conjugated) 

 

A B 



CK+ cells isolated from metastatic lymph 

node (Lung cancer patients,  III st.)  

(positive control) 

• A- native  cells after magnetic separation 

• B – same cells, hemotoxylin-eosin staining 

(morphologically  tumor cells) 

A B 



Bone marrow CK+ cells  

(Lung cancer patients,  III st.)  

• A- native cells after magnetic separation 

• B – same cells, hemotoxylin-eosin staining 
(morphologically  non - tumor (lymphoid) cells) 

 

A B 



Morphological variants of bone marrow cells isolated 

by immunomagnetic technique may include both tumor 

and  non-tumor cells 

• Tumor  cell                                                          non - tumor cell 

 

 



• As the slide  illustrated immunomagnetic 

technique allows to obtained enriched 

tumor cell population, however  

hematopoietic cells also may be present 

there. 



CK+ cells: tumor cells, probably tumor cells 

and false positive cells 

• Immunomagnetic 

separation performed in 

bone marrow samples of 

25 cancer patients 

revealed 15 patients’ 

samples with 2 - 15 

rosetted cells with 

attached micromagnetic 

beads. 

• According to cytological 

criteria only 5 samples 

could be referred to as 

tumor cells. 

 

Tumor cells Probobly TC

False-positive CK-negative



Conclusion 

• Conventional methods of immunohistochemical and 
immunocytochemical analysis are rather time-consuming and 
complicated to be performed within the operation time and sometimes 
can present false-positive results. 

•  Immunomagnetic isolation of cytokeratin-positive cells allows 
collection of enriched population of viable cytokeratin-positive cells 
and the following morphological evaluation. Subsequent 
morphological control of the isolated cells is required to verify tumor 
cells.  

• Our study was performed to assess the feasibility of immunomagnetic 
method for intraoperative detection of tumor cells from bone marrow 
of patients with NSCLC and esophageal cancer. 

• The results suggest that for accurate diagnostics of micrometastasis 2 
stages of investigation are required: 

1- immunomagnetic separation to obtain CR+ cells enriched population 

2- standard   histological staining (hemotoxylin-eosin). 

 


