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SEM of Tumor Vascular Corrosion Casts Related to Aging 

Their overall diagrams of the supply and drain
age vessels which we call feeding vessels are 
similar to the observations made by us with 
angiography (Fig. 1) and SEM of casts (Fig. 
5). Their description of a "peripheral vascular 
envelope" and "giant capillaries" in terms of 
bulges, holes and folds agree well with our 
observations (Figs. 9 and 11). These features 
are characteristic of neoangiogenesis which is 
apparent in tumors of young hosts. In conclu
sion, it is possible to compare the vasculature 
of similar sized tumors of young and old ani
mals. The B16 melanoma tumors of old mice 
have more necrosis, fewer angiogenic features, 
decreased vessel density, reduced vessel pene
tration into the tumor, and enhanced tortuosity 
of vessels. Transmission electron microscopy 
revealed incompletely developed wall structure 
of the vessels regardless of host (Figs. 13 and 
14). The above resu Its are consistent with the 
hypothesis that retarded angiogenesis is charac
teristic of slower growing tumors in senescent 
animals and may be primarily responsible for 
restricting growth while being modified by other 
factors. 
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Discussion With Reviewers 

R.M. Albrecht: Have the authors attempted 
casting of unfixed vessels and, if so, do the 
results vary from those obtained with prefixed 
material? 
Authors: Yes, we have attempted to use 
Mercox for casting of the unfixed vasculature. 
Resultant casts were characterized by more 
segmental variability in the diameter of large 
vessels and vastly reduced fi 11 ing of smaller 
blood vessels. Both procedures involved pre-
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liminary flushing of the vasculature with the 
vasodilator and heparin (see Methods), the poor 
results using direct Mercox injection may be 
explained by increased pressure drop_ alon_g the 
vascular network due to the higher v15cos1ty of 
the Mercox. 

R.M. Albrecht: The procedures section men
tions the use of stained sections to determine 
the volume of vasculature. Did the authors 
notice significant fibrosis at the point where the 
vasculature decreases sharply, in other words 
did the fibrosis correlate directly with the 
vessel distribution? 
Authors: The Masson' s trich rome stain used in 
conjunction with light microscopy highlighted 
acellular components which seemed to increase 
in proportion as the vasculature decreased 
sharply. However, both the qualitative de
scription and quantitative comparison of fibers 
within the acellular component would have to 
be analyzed using transmission electron micro
scopy in a detailed systematic manner. 

R.M. Albrecht: From the casting results there 
appears to be a major difference between the 
degree of internal vasculature in tumors grown 
in aged vs. young mice. The quantitative data 
presented in Fig. 4 seem to indicate a much 
smaller difference in the degree of vasculariza
tion. Could the authors comment? 
Authors: The apparent difference in views of 
casts and the proportional composition measure
ments of Fig. 4 result from the fact that differ
ent vascular compartments are being measured. 
Presumably, the cast remains well formed and 
continuous only when it is contained inside 
vessels with intact walls. All blood containing 
tissue is counted for Fig. 4 which would include 
rudimentary leaky vessels and blood pools. 

R.M. Albrecht: Based on the methodology 
described, it is not clear why the point of 
minimal vascularity, in both the tumors from 
young and old mice, lies on one side, the same 
side of center (Fig. 4). Are the tumors oriented 
in some way prior to measurement? 
Authors: Yes, the tumors are oriented in the 
same way with O trans-section corresponding to 
the lateral edge of the tumor and the opposite 
edge corresponding to the medial. This would 
be consistent with the view in Fig. 1 with an 
increase in feeding vessel caliber on the lateral 
or peritoneal side. 

R.M. Albrecht: Are the same amounts and 
factors produced when 
in old as opposed to 

types of vessel grow th 
this tumor type grows 
young mice? 
Authors: From our current understanding 
(Folkman, 1986), both vessel growth and inhibi
tory factors exist in malignant and normal 
tissues. Growth factors stimulate host capillary 
endothelial motility, invasiveness, and pro-
liferation. As your question suggests, it is 
possible that angiogenesis factors elicit 
different responses in different tissue sites 
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and in different hosts (e.g. young and old). 
The results of this paper illustrate the impor
tance of doing SEM and quantitative stereology 
in conjunction with measurement of vessel 
growth factor·s in this tumor line as well as 
others, but this has not yet been done. 

B. Perksy: Is it possible that tumor volume in 
young and old mice merely reflects an animal's 
ability to inhibit the tumorigenic capability of 
B16 cells? Is there a relationship between the 
melanin characteristics of the tumor and the age 
of the mouse? Are there protocols in your 
materials and methods (e.g. cell preparation) 
that are known to alter tumorigenicity? 
Authors: There are many age-related changes 
which may alter the tumorigenic capability of 
these cells other than angiogenesis. Among 
these changes are fibrotic response, immune 
senescence, endocrine senescence, and nutri
tional status of the host. Although the tumors 
grossly have the same melanin appearance, 
detailed studies have not been undertaken in 
this laboratory. As indicated in the Methods, 
cell viability was checked and the consistency 
of results implies that host age is the most 
important variable. Furthermore, similar differ
e:--ces i11 gr·owth of Lewis lung carcinoma with 
h"~ l age have been observed in this labora1ory 

K Hodde: You preferred not to use the usual 
clearing methods (Spaltero!z) but rather use 
the rad iopaque qua I ity of M1crofi I for vi sua I izi ng 
the vessels. I wou Id suggest that after 
x-raying you could still clear the slices and 
observe the vessel morphological characteristics 
in transmitted LM, thus gaining additional 
information which should corroborate your SEM 
findings. 
Authors: This is a very good suggestion and 
we have had some success clearing other tissues 
with standard techniques involving dehydration 
and clearing with methyl salicylate. 

K. Hodde: Are the characteristics of blood 
vessels in the initial stage tumors similar in 
young and old mice and therefore comparable? 
Or, in other words, are changes in blood vessel 
morphology linked with the tumor stage in such 
a way that casting procedures do not work in 
both old and young hosts at all stages? 
Authors: It certainly is worth pointing out 
that there are problems with corrosion casting 
in larger tumors. Perhaps because of excessive 
leaking, there are often pools of the casting 
material which can cause the casts to fall apart 
upon corrosion. Comparisons at later stages of 
tumor growth then become more difficult 
because of variable and irregular casts. Also 
as can be inferred from Fig. 3, tumors in older 
mice never get to the largest size found in 
younger mice. Size is probably the best 
criterion for determining the tumor stage, which 
is possible but subject to the limitations of the 
casting technique described above. However, if 
the cast is intact and the size has been deter
mined it should be possible to predict whether 
the tumor was from an old or a young host. 


