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Figure 5. Morphology of the tumor-associated endothelial cells (CD31, green) and pericytes (NG2, red). (a, b) 

NG2 staining of pericytes show close association with endothelial cells, however multiple protrusions (arrows) into the 

tumor stroma were observed. (c) Some pericytes projected away from a vessel and connected neighboring vessels. (d) 

Endothelial cells migrating into the tumor parenchyma were found to be associated with pericytes at several occasions 

(arrowhead). (e) NG2 positive cells that were not associated with endothelial cells (asterix), designated as myofibroblasts, 

were found in the LLC. Scale bar applied to all images, 20 µm.
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Figure 4. TNFR1 is expressed by pericytes of the tumor-associated vasculature. (a) Immunofluorescent staining 

for endothelial cells (CD31, red) and TNFR1 (green) in human (upper panels) and mouse (lower panels) tumor sections 

showed no co-localization (arrow). (b) Staining for pericytes (NG2, purple) and TNFR1 (green) showed TNFR1 expression 

by pericytes (arrowhead) of the tumor-associated vasculature of human (upper panels) and mouse (lower panels) tumor 

biopsies. Scale bar apply to all images, 20 µm.



249

b Association

Dilated CD31

NG2

Overlap NG2/CD31

a CD31 NG2 Merge

B
1

6
B

L
6

L
L

C
B

L
M

1
F

6

c

d

M
P

I
(%

o
v

e
rl

a
p

)
E

n
d

o
th

e
li

u
m

p
e

r
v

e
s

s
e

l
(%

o
f

to
ta

l
a

re
a

)

0

20

40

60

80

100

BLM 1F6

0

20

40

60

80

100

B16BL6 LLC

*

*

B16BL6
0

2

4

6

8

LLC

*

0

1

2

3

BLM 1F6

*

Figure 6. Difference in pericyte coverage is found between TNF-sensitive tumors and TNF-insensitive tumors. 

(a) Tumor sections were stained for endothelial cells (CD31, green) and pericytes (NG2, red). In the merge picture an in-

tense association between endothelial cells and pericytes was seen in the B16BL6 and BLM. Scale bar apply to all images, 

50 µm. (b) Analysis of the endothelial-pericyte association. Images of the endothelial cells (green) and pericytes (red) were 

binarized and the diameter of endothelial cells was dilated. The overlap of both cells is shown in black. (c) The percentage 

endothelial cells per vessel were calculated for B16BL6, LLC (left graph), BLM and 1F6 (right graph). In accordance with 

the MVS, B16BL6 and BLM contained significantly more endothelial cells per vessel then respectively the LLC and 1F6. 

Columns represent percentage area endothelium per vessel per field of interest ± SEM of at least 6 scans from 3 sections 

of 3 individual tumors; *, P < 0.05 B16BL6 or BLM versus LLC or 1F6. (d) Using the overlap images, microvessel pericyte 

coverage index (MPI) was measured in the B16BL6, LLC (left graph) and BLM, 1F6 (right graph). The MPI in tumor vessels 

of B16BL6 and BLM was significant higher compared to the MPI in LLC and 1F6. Columns represent percentage MPI of at 

least 6 scans from 3 sections of 3 individual tumors; *, P < 0.05 B16BL6 or BLM versus LLC or 1F6.
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Figure 2. Schematic overview. Involvement of the different tumor compartments after TNF- based melphalan perfu-

sion.
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Figure 3. Action of TNF on the vascuar bed. The action of TNF on the tumor vascular bed involves at least two key 

leukocyte members: PMN and cells present in the PBMC pool. In particular cells producing IL-1ß and IFN are involved. TNF 

triggers the release of these cytokines and affects the endothelial cells directly. When interacting together TNF, IL-1ß and 

IFN resort endothelial gap formation, which is absent or less apparent when one of these cytokines is missing. We specu-

late that activated immune cells already present in the tumor contribute to the cytokine production as well.
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Figure 1. The difference in tumor-associated vasculature and normal vasculature. (a) Blood vessels deliver nutri-

ents, oxygen and other molecules in the tissues it passes and removes toxins. This system is arranged in arteries, veins and 

capillaries with their own specific characteristics and phenotype. (b) In contrast to the structural organized blood vessels of 

the basic organs, the tumor-associated vasculature is “abnormal”. It display a lack of hierarchical branching and organiza-

tion in which the recognizable features of arterioles, capillaries and venules is lost. The vessels are tortuous and unevenly 

dilated. As a result, tumor blood flow is chaotic, might be stationary and can even change direction. This leads to hypoxia 

and acidosis in solid tumors. Due to these properties of the tumor-associated vasculature the intratumoral drug accumula-

tion is very heterogeneous. (c) The complete overview of the dorsal skin-fold window with a lewis lung carcinoma (arrow) 

6 days after tumor implantation.
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Figure 2. Intratumoral and intracellular fate of Doxil. Using the dorsal skin-fold chamber we observed that, with the 

addition of TNF, Doxil labeled with a green fluorescent marker extravasates from the tumor blood vessels into the tumor 

intersitium between 12 to 24 hours. (a) Seventy-two hours after systemic injection, the liposomes (green fluorescent) re-

mained in the cytoplasm of the cell, while doxorubicin (red fluorescent) was found in the nucleus. No indications of Doxil 

or liposomes outside the cells in the interstitial space were found. This suggest that the liposome is taken up completely by 

the cells and is thereafter broken down. (b) Tumor cells were incubated with doxorubicin in a migration ring and the fate 

of the free drug was followed for several hours. Almost immediately after adding the drug, doxorubicin was taken up by 

the cells and transported to the nucleus. (c) In contrary to the free drug, when cells were incubated with Doxil hardly any 

drug was observed in the nucleus and most remained in the cytoplasm. Scale bar apply for all images, 20 µm.
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Figure 3. Abnormalization of the tumor-associated vasculature. In the vasculature of basic organs the endothelial 

cells forms a quiescent and tightly packed lining separating the blood and blood-born elements from the rest of the body. 

Mural cells (smooth muscle cells and pericytes) form the muscle of the blood vessel and have specific properties according 

to the type of blood vessel they can be found at. The tumor-associated vasculature has endothelial cells that are morpho-

logical different from these in the normal vessels. Because of the fast growing properties of most tumors they are highly 

active and have irregular shapes with openings between the cells making the vessel highly permeable. Also the pericytes 

are different, forming a loose association with the endothelial cells and displaying extensions into the intersitium. The 

basal membrane is irregular in size with a different protein composition and structure. After TNF-based therapy, TNF binds 

to the TNFR1 located on the pericytes. These cells produce to further elucidate endogenous factors that has its effect on 

endothelial cells. The permeability of the endothelial lining is further increased for the co-administered drug, melphalan 

(in free form this will have micromolecular properties however absorbed in erythrocytes melphalan will act as a macro-

molecule) or long-circulating liposomes Doxil. MMPs produced by the endothelial cells will degrade the underlying matrix 

providing a better entrance for the chemotherapeutic compound. The liposomal drug enters as a whole the tumor cell 

were it is slowly degraded releasing the active drug intracellulary that eventually kills the tumor cell.


