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OBJECTIVES 
 
The aims of the study were to analyze 10 human tumors (MDA-MB-231, breast cancer cell line), 
subcutaneously grafted in mice, and investigate: 

 Microscopic features of subcutaneously grafted tumors (HES staining) 

 Tumor cells iron accumulation (HES staining / Perls special stain) 
 
 

SUMMARY 
(For groups, treatment and protocol see OncoDesign study 100091). 
 
Five mice were subcutaneously grafted with human tumors (MDA-MB-231, breast cancer cell line; 2 
xenografts per mice) and included in this histopathological and histochemical study.  
At the end of the study, all tumors were collected and fixed in 4% formalin. Representative samples 
of fixed material were embedded in paraffin, and then transferred to BiodOxis for processing and 
microscopic evaluation.  
One of the two xenografts from each mouse was processed for evaluating histopathological features 
of the tumors (HES staining). Both xenografts samples from each mouse were processed for 
evaluating tumor cells iron accumulation (Perls special stain). Microscopic analysis was performed by 
light microscopy using an Olympus BH2 microscope. 
 
In this study, the ten evaluated MDA-MB-231 xenografts presented comparable histological features, 
and appeared as undifferentiated carcinomas.  
Necrotic areas were seen in the central parts of every tumor. They varied from 60% to 80% of the 
tumor surface in analyzed tumors. They were slightly more extensive in tumors of Group 2 (mouse 
n°5227 R) and Group 3 (mouse n°7967 R), in comparison to the other groups.  
 
Iron deposits were only observed in the cytoplasm of inflammatory cells with macrophage 
morphology or as granular debris, located in the peri-tumoral and intra-tumoral fibrous stroma and 
in necrotic areas. They appeared as brown granular deposits on HES stained slides and as dark blue 
granular deposits in Perls stained slides.  
No iron deposits were identified in tumor cells, in any tumor of any group. 
 
 

EXPERIMENTAL METHODS 
(For groups, treatment and protocol see Study 100091). 
 
Five mice were subcutaneously grafted with human tumors (MDA-MB-231, breast cancer cell line; 2 
xenografts per mice) and included in this histopathological and histochemical study.  
At the end of the study, all tumors were collected and fixed in 4% formalin. Representative samples 
of fixed material were embedded in paraffin, and then transferred to BiodOxis for processing and 
microscopic evaluation.  
 
Upon delivery, paraffin blocks were sectioned (5-7 µm-thick sections) and the sections were 
mounted on microscope slides (Superfrost slides).  
One of the two xenografts from each mouse was processed for evaluating histopathological features 
of the tumors (HES staining). For each sample, one tumor section was deparaffinized and stained 
with hematoxylin-eosin-saffron (HES) for histological analysis. 
Both xenografts samples from each mouse were processed for evaluating tumor cells iron 
accumulation (Perls special stain). For each sample, three tumor sections were deparaffinized and 
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processed for histochemistry. Perls' acid ferrocyanide reaction was used to reveal iron compounds in 
the ferric state (blue labeling). Nuclear fast red was used for counterstaining. Positive controls 
(hematoma slide) were included. 
 
At the end of processing, the slides were observed using an Olympus BH2 microscope equipped with 
a PixeLINK PL-A642 digital camera. 
 
Identification and nature of microscopically analyzed samples 

Group Mouse n° Transmitted samples 

Gp1 5273 Tumor (2 paraffin blocks : R, L) 

Gp2 5227 Tumor (2 paraffin blocks : R, L) 

Gp3 7967 Tumor (2 paraffin blocks : R, L) 

Gp4 7971 Tumor (2 paraffin blocks : R, L) 

Gp5 7975 Tumor (2 paraffin blocks : R, L) 

 

All the samples microscopically analyzed were included in OncoDesign study 100091. 

 
 
RESULTS 
(See Annexes, Individual Data) 

Tumor histopathology (HES staining) 

Tumor microscopic features were evaluated on HES stained slides (Group 1, mouse n°5273 R; Group 
2, mouse n°5227 R; Group 3, mouse n°7967 R; Group 4, mouse n°7971 L; Group 5, mouse n°7975 L). 
 
In this study, the evaluated MDA-MB-231 xenografts presented comparable histological features, 
and appeared as undifferentiated carcinomas, without glandular differentiation. 
These tumors were densely cellular, quite well demarcated and roughly nodular, with infiltrative 
growth in adjacent subcutaneous tissues, in particular nerves. TǳƳƻǊ ŎŜƭƭǎ ŘƛŘƴΩǘ ǇǊŜǎŜƴǘ ŀƴȅ ǎǇŜŎƛŦƛŎ 
arrangement (solid sheets of cells), or were organized in trabeculae or packets. The stroma was scant 
and fibroblastic, with delicate vascularization.  
Tumor cells were medium to large sized, and round to polygonal. They displayed central, round and 
irregular nuclei, with uneven size, vesicular or finely clumped chromatin, and prominent nucleoli. 
Their cytoplasm was pale eosinophilic, often micro-vacuolated, moderately abundant to abundant.  
Cytological atypia were marked, with high variation in cellular size (anisocytosis) and nucleus size 
(anisokaryosis). 
Mitotic figures were heterogeneous, often abnormal and quite numerous. Mitotic index ranged from 
20-30 mitotic figures per high power field (HPF, x400) in tumors of Group 2 (mouse n°5227 R), Group 
3 (mouse n°7967 R) and Group 4 (mouse n°7971 L) to 30-40 mitotic figures per HPF in tumors of 
Group 1 (mouse n°5273 R) and Group 5 (mouse n°7975 L).   
Apoptotic tumor cells could also be observed, appearing as dissociated, shrinked round cells, with 
hyper-eosinophilic cytoplasm and surrounded by a pale halo. They were occasional in tumors of 
Group 1 (mouse n°5273 R) and Group 5 (mouse n°7975 L), and slightly more numerous in tumors of 
Group 2 (mouse n°5227 R), Group 3 (mouse n°7967 R) and Group 4 (mouse n°7971 L). 
 
Quite numerous inflammatory cells were found in peri-tumoral fibrous stroma, as well as in adjacent 
tissues in smaller amounts (adipose tissue, skeletal muscle, skin). Those cells mostly consisted in 
pigment-laden macrophages, with some small lymphocytes and occasional granulocytes. Low 
numbers of similar inflammatory cells, including pigment-laden macrophages, were also observed in 
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the scant intra-tumoral stroma. Those cells were mainly observed in peripheral parts of the tumor, 
probably spreading from the peri-tumoral stroma.  
Pigment-laden macrophages were medium to large-sized cells, and displayed a large cytoplasm 
which contained large amounts of brown granular pigment, often overlying and hiding round nuclei. 
Such pigment was occasionally found in the peri-tumoral and intra-tumoral stroma as granular 
pigment debris. 
 
Necrotic areas were seen in every tumor. They were characterized by pale eosinophilic areas, 
containing eosinophilic amorphous debris and dissociated and altered tumor cells, with shadowy 
outline, eosinophilic cytoplasm, and small dense nuclei or faded to disappeared nuclei. 
Scattered inflammatory cells could be seen in those necrotic areas, in particular macrophages, 
sometimes containing brown pigment. Two  tumors (Group 2, mouse n°5227 R; Group 4, mouse 
n°7971 L) displayed occasional suppurative foci in those necrotic areas, as well as bacterial colonies 
in one tumor (Group 4, mouse n°7971 L). 
Those necrotic areas also contained some brown granular pigment debris, usually in small amount, 
expect in tumors of Group 4 (mouse n°7971 L) and Group 5 (mouse n°7975 L) where they appeared 
as a brown granular inter-cellular framework. 
Necrotic areas were located in central parts, and varied from 60% to 80% of the tumor surface in 
analyzed tumors. They accounted for about 60% in tumors of Group 1 (mouse n°5273 R) and Group 4 
(mouse n°7971 L), about 65-70% in tumors of Group 5 (mouse n°7975 L), about 55-80% in tumors of 
Group 2 (mouse n°5227 R) and about 75-80% in tumors of Group 3 (mouse n°7967 R). 

Tumor cells iron accumulation (Perls special stain)  

Perls' acid ferrocyanide reaction revealed iron compounds through dark blue labeling.  
For each tumor, three consecutive sections were evaluated. All three of those sections displayed 
comparable features. 
 
No blue-stained iron deposits were identified in tumor cells, in any tumor of any group. 
 
Blue-stained iron deposits were evident in the cytoplasm of inflammatory cells present in the peri-
tumoral fibrous stroma, as well as in lower numbers of similar inflammatory cells infiltrating the 
scant intra-tumoral stroma. Those cells matched the description of the pigment-laden macrophages 
noticed on the HES stained slides, and contained large amount of blue-stained iron deposits filling 
their cytoplasm, often overlying their nuclei. 
Such blue-stained iron deposits were also occasionally found in the peri-tumoral and intra-tumoral 
stroma as granular debris and corresponded to the brown granular pigment debris described on the 
previous HES staining section. 
In peri-tumoral areas, those blue-stained inflammatory cells were mostly found in important 
numbers, except in some tumors of Group 2 (mouse n°5227 L) and Group 3 (mouse n°7967 L) where 
they were found in moderate numbers. 
In intra-tumoral stroma, those blue-stained inflammatory cells were absent or found in low numbers 
in tumors of Group 3 (mouse n°7967 R and L). They were present in low numbers or low to moderate 
numbers in tumors of Group 4 (mouse n°7971 R and L) and Group 5 (mouse n°7975 R and L), in low 
to moderate numbers in tumors of Group 2 (mouse n°5227 R and L), and in low to moderate or 
moderate numbers in tumors of Group 1 (mouse n°5273 R and L). 
 
In necrotic areas, blue-stained iron deposits were found in the cytoplasm of occasional cells with 
macrophage morphology, as well as scattered granular debris.  
Those blue-stained iron deposits were found in low numbers in tumors of Group 1 (mouse n°5273 R 
and L), Group 2 (mouse n°5227 R and L) and Group 3 (mouse n°7967 R and L). 
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In necrotic areas of tumors from Group 4 (mouse n°7971 R and L) and Group 5 (mouse n°7975 R and 
L), blue-stained iron granular debris were found in more amounts and appeared as a dark blue, 
granular, inter-cellular framework. In such areas, some necrotic cells presented a light blue staining 
of their cytoplasm, giving them an appearance of ƴŜŎǊƻǘƛŎ άƎƘƻǎǘ ŎŜƭƭǎέΦ Similar bluish ƴŜŎǊƻǘƛŎ άghost 
ŎŜƭƭǎέ ǿŜǊŜ ŀƭǎƻ ƻōǎŜǊǾŜŘ ƛƴ very low numbers in some tumors of Group 2 (mouse n°5227 R) and 
Group 3 (mouse n°7967 R). 
 

CONCLUSIONS 
 
Five mice were subcutaneously grafted with human tumors (MDA-MB-231, breast cancer cell line; 2 
xenografts per mice) and included in this histopathological and histochemical study.  
At the end of the study, all tumors were collected and fixed in 4% formalin. Representative samples 
of fixed material were embedded in paraffin, and then transferred to BiodOxis for processing and 
microscopic evaluation.  
One of the two xenografts from each mouse was processed for evaluating histopathological features 
of the tumors (HES staining). Both xenografts samples from each mouse were processed for 
evaluating tumor cells iron accumulation (Perls special stain). Microscopic analysis was performed by 
light microscopy using an Olympus BH2 microscope. 
 
In this study, the ten evaluated MDA-MB-231 xenografts presented comparable histological features, 
and appeared as undifferentiated carcinomas.  
Necrotic areas were seen in the central parts of every tumor. They varied from 60% to 80% of the 
tumor surface in analyzed tumors. They were slightly more extensive in tumors of Group 2 (mouse 
n°5227 R) and Group 3 (mouse n°7967 R), in comparison to the other groups.  
 
Iron deposits were only observed in the cytoplasm of inflammatory cells with macrophage 
morphology or as granular debris, located in the peri-tumoral and intra-tumoral fibrous stroma and 
in necrotic areas. They appeared as brown granular deposits on HES stained slides and as dark blue 
granular deposits in Perls stained slides.  
No iron deposits were identified in tumor cells, in any tumor of any group. 
Iron deposits were found in moderate to important amounts in peri-tumoral areas. Those data 
should be considered with caution, as they are related to the amount of peri-tumoral tissue 
simultaneously sampled with the tumor. 
In intra-tumoral stroma, iron deposits were absent or found in low amounts in tumors of Group 3 
(mouse n°7967 R and L). They were slightly more abundant (low to moderate amounts) in the tumors 
of the other groups (Group 4  DǊƻǳǇ р Җ DǊƻǳǇ н Җ DǊƻǳǇ мύ, without patent differences. 
In necrotic areas, iron deposits were mostly observed in low amounts, except in tumors of Group 4 
(mouse n°7971 R and L) and Group 5 (mouse n°7975 R and L) where they appeared in more amounts, 
with some to many reactive necrotic άƎƘƻǎǘ ŎŜƭƭǎέΦ 
 
 
Study limitations.  
Nothing to report 
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ANNEXES 

Individual data: tumor histopathology (HES staining) 

 

Group Mouse n° Sample Necrosis Histopathology 

Gp1 5273 Tumor R  60% 

Undifferentiated carcinoma 
Necrosis: central ; few pigmented debris and cells 
Pigmented cells (peri-tumoral and intra-tumoral stroma) 
Cytological atypia : marked 
Mitoses : heterogeneous, 30-40 per HPF 
Apoptotic tumor cells, few 
Pigmented cells (peri-tumoral and intra-tumoral stroma) 

Gp2 5227 Tumor R  55% - 80% 

Undifferentiated carcinoma 
Necrosis: central, with occasional suppuration ; few 
pigmented debris and cells 
Cytological atypia : marked 
Mitoses : heterogeneous, 20-30 per HPF 
Apoptotic tumor cells, some  
Pigmented cells (peri-tumoral and intra-tumoral stroma) 

Gp3 7967 Tumor R  75% - 80% 

Undifferentiated carcinoma 
Necrosis: central ; few pigmented debris and cells 
Cytological atypia : marked 
Mitoses : heterogeneous, 20-30 per HPF 
Apoptotic tumor cells, few to some 
Pigmented cells (peri-tumoral and rarely intra-tumoral 
stroma) 

Gp4 7971 Tumor L  60% 

Undifferentiated carcinoma 
Necrosis: central, with occasional suppuration and bacterial 
colonies ; pigmented debris and cells, with inter-cellular 
pigmented framework 
Cytological atypia : marked 
Mitoses : heterogeneous, 20-30 per HPF 
Apoptotic tumor cells, some  
Pigmented cells (peri-tumoral and intra-tumoral stroma) 

Gp5 7975 Tumor L  65% - 70% 

Undifferentiated carcinoma 
Necrosis: central ; pigmented debris and cells, with inter-
cellular pigmented framework 
Cytological atypia : marked 
Mitoses : heterogeneous, 30-40 per HPF 
Apoptotic tumor cells, few 
Pigmented cells (peri-tumoral and rarely intra-tumoral 
stroma) 
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Individual data: tumor histochemistry, tumor cells iron accumulation (Perls special stain) 

 

Labeling scoring:  
0  no labeling  
+  occasional labeled cells 
++  moderate numbers of labeled cells 
+++  important numbers of labeled cells  
 
Perls reactivity: dark blue deposits 
 
For each tumor, three consecutive sections were evaluated.  
 
 

Group Mouse n° Sample Peri-tumoral areas Intra-tumoral areas Necrotic areas 

Gp1 5273 

Tumor R 
(sections 1, 2, 3) 

+++ 
Stroma : ++ 

Tumor cells : 0 
+ 

Tumor L 
(sections 1, 2, 3) 

+++ 
Stroma : + to ++ 
Tumor cells : 0 

+ 

Gp2 5227 

Tumor R 
(sections 1, 2, 3) 

+++ 
Stroma : + to ++ 
Tumor cells : 0 

+ (few necrotic άƎƘƻǎǘέ cells) 

Tumor L 
(sections 1, 2, 3) 

++ 
Stroma : + to ++ 
Tumor cells : 0 

+ 

Gp3 7967 

Tumor R 
(sections 1, 2, 3) 

+++ 
Stroma : 0 to + 
Tumor cells : 0 

+ (few necrotic άƎƘƻǎǘέ cells) 

Tumor L 
(sections 1, 2, 3) 

++ 
Stroma : 0 to + 
Tumor cells : 0 

0 to + 

Gp4 7971 

Tumor R 
(sections 1, 2, 3) 

+++ 
Stroma : + 

Tumor cells : 0 
+ to ++ (necrotic άƎƘƻǎǘέ cells) 

Tumor L 
(sections 1, 2, 3) 

+++ 
Stroma : + to ++ 
Tumor cells : 0 

++ to +++ (necrotic άƎƘƻǎǘέ cells) 

Gp5 7975 

Tumor R 
(sections 1, 2, 3) 

+++ 
Stroma : + to ++ 
Tumor cells : 0 

++ to +++ (necrotic άƎƘƻǎǘέ cells) 

Tumor L 
(sections 1, 2, 3) 

+++ 
Stroma : + 

Tumor cells : 0 
+++ (necrotic άƎƘƻǎǘέ cells) 
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Iconography 

 

Tumor histopathology (HES staining) 

 

 
Photo 1. Tumor 7975 (L), HES staining, x10 

Tumor: Undifferentiated carcinoma, densely cellular, quite well demarcated and 
roughly nodular ; necrotic areas, located in the central parts (about 70% of the 
tumor surface) 

 
 

 
Photo 2. Tumor 7975 (L), HES staining, x100 

Tumor: Undifferentiated carcinoma, densely cellular, consisting in solid sheets 
and packets of tumor cells embedded in scant stroma ; necrotic areas, located in 
the central parts  
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Photo 3. Tumor 5227 (R), HES staining, x200 

Tumor: Undifferentiated carcinoma, densely cellular, consisting in solid sheets 
and packets of tumor cells embedded in scant stroma ; occasional apoptotic 
cells 

 
 

 
Photo 4. Tumor 7967 (R), HES staining, x200 

Tumor: Undifferentiated carcinoma, consisting in medium to large sized, round 
to polygonal tumor cells;  occasional apoptotic cells 
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Photo 5. Tumor 7975 (L), HES staining, x200 

Tumor: Undifferentiated carcinoma, consisting in medium to large sized, round 
to polygonal tumor cells 

 
 

 
Photo 6. Tumor 7975 (L), HES staining, x400 

Tumor: Undifferentiated carcinoma, consisting in round to polygonal tumor 
cells, with moderately abundant to abundant cytoplasm, and round irregular 
nuclei ; marked cytological atypia, and quite numerous mitotic figures 
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Photo 7. Tumor 7967 (R), HES staining, x100 

Tumor: Undifferentiated carcinoma, with infiltrative growth in adjacent 
subcutaneous tissues 

 
 

 
Photo 8. Tumor 7975 (L), HES staining, x100 

Tumor: Undifferentiated carcinoma, with infiltrative growth in adjacent 
subcutaneous tissues, in particular nerves sheath  

 
 




