
Oncology Research, Vol. 15, pp. 169–182 0965-0407/05 $20.00 + .00
Printed in the USA. All rights reserved. Copyright  2005 Cognizant Comm. Corp.

www.cognizantcommunication.com

Tumor Transition Zone: A Putative New Morphological and Functional
Hallmark of Tumor Aggressiveness
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A small primary or secondary tumor load can occasionally induce more deleterious effects than a histologi-
cally identical larger one. In the four murine models studied herein this enhanced tumor aggressiveness
could not be attributed to NRAS mutations or other hereditary changes, differential vascularization of live
tumor tissues, or necrosis content. Instead, the main tumor feature associated with a more aggressive behav-
ior was the presence of a high number of vessels, sometimes filled with inflammatory cells, inside a tumor
area, which we have identified and designated as the transition zone between the live and the necrotic zones.
Our experiments suggest that during tumor growth, different cachectic factors are produced within the transi-
tion and necrotic zones by dying tumor cells and by tumor infiltrating macrophages only reaching the general
circulation through the vessels present in the transition zone. Therefore, a small tumor displaying high
vascularization of its transition area could be harmful to its host, while, in contrast, a large tumor could
behave as a relatively benign one if its transition zone exhibited little or no vascularization, and in conse-
quence its cachectic factors remained “trapped.” Similar histological images to those observed in mice were
seen in a significant percentage of human cancer biopsies, raising the possibility that such images might
have a prognostic value.
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The grading and staging of a malignant neoplasm based aggressive tumor behavior and a) the primary and sec-
ondary tumor load; b) the existence of NRAS mutationson its degree of anaplasia, lack of differentiation, tumor

size, and spreading have been classified by UICC and in the more aggressive variants of the tumors, on the
basis of the claim that missense mutations in NRAS areAJCC (1–3). Although these parameters are, at present,

the best guide for clinical prognosis and treatment, the frequently found in aggressive murine sarcomas and fi-
brosarcomas and that wild-type NRAS (different fromoutcome of malignant diseases cannot always be pre-

dicted accurately (4). In addition, cachectic symptoms other tumor suppressor genes that only inhibit neoplastic
features in cells bearing its oncogenic allele) can sup-that may represent significant clinical problems and may

account for between 10% and 22% of all cancer death press or reduce malignant properties of murine tumor
cells even in the absence of its oncogene allele, suggest-cannot readily be explained either by the local or distant

spread of the tumor or by effects of hormones indige- ing that NRAS mutations could act as a general en-
hancer of the transformed phenotype (6); c) the amountnous to the tissue from which the tumor arose (5). The

above considerations suggest that up-to-date the mecha- of tumor necrosis, the vascularization of different tumor
areas, and the type of inflammatory host cells infiltratingnisms underlying tumor aggressiveness have not been

fully understood. In this article, in order to explore the the tumor mass (7,8); and d) the presence of TNF-α, IL-
1β, and IL-6 cytokines inside the tumor and in the serumnature of this phenomenon, we evaluated, using four

murine tumors, the putative relationship between a more of tumor-bearing mice (9–11).
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In addition, we have studied human tumor slides immunogenic tumor that was maintained by SC trans-
plantation in BALB/c mice and used between passagesfrom our files to investigate whether the histological im-

ages observed in our murine tumors could also be pres- 80 and 86.
Tumor volume was calculated according to the for-ent in human malignant tumors.

mula of Attia and Weiss (15): tumor volume = 0.4(ab2),
MATERIALS AND METHODS where a and b were the longer and smaller diameters,

respectively. Tumor weight was measured in an elec-Animals
tronic Mettler H-98 scale.

BALB/c mice of both sexes and 2–4 months old, For the maximum tumor burden used in this study,
weighing 20–22 g, were used throughout. They were we followed the suggestions of Tisdale (16), which con-
raised in our own colony and maintained on Cooperation sidered tumor burdens used by Tanaka et al. (17) as ade-
pellets (San Nicolás, Buenos Aires, Argentina) and wa- quate for cachectic studies.
ter ad libitum. Animals were sex and age matched within
each experiment. Experiments were carried out at the Human Tumors
Academia Nacional de Medicina de Buenos Aires where

Samples of 80 human malignant tumors of differentthere were suitable conditions both for the housing and
histological type were macroscopically and microscopi-welfare of the mice. Care for the animals was main-
cally analyzed at the Centro de Estudios Oncólogicos,tained according to the policies of Academia Nacional
Academia Nacional de Medicina, Hospital Italiano, andde Medicina (NIH Guide and Use of Laboratory Ani-
Hospital Argerich of Buenos Aires, Argentina. The listmals).
of tumors included: carcinoma of colorectum (n = 13),

Murine Tumors breast (n = 8), lung (n = 6), urinary tract (n = 7), male
and female genital tract (n = 7), skin (n = 6), prostate (n =

2P-2. A weakly immunogenic T-lymphoma that 5), thyroid (n = 3), pancreas (n = 3), oral cavity (n = 2),
arose spontaneously in a BALB/c female, 2P-2 is a tu- stomach (n = 2), liver (n = 1), appendix (n = 1) and gall-
mor of small and large cells that display a mature pheno- bladder (n = 1), osteogenic sarcoma (n = 4), rhabdomyo-
type expressing TdT−, CD4+, CD8+, and CD1− recep- sarcoma (n = 3), glioblastoma (n = 3), schwannoma (n =
tors. The tumor grows expansively and can infiltrate the 2), malignant meningioma (n = 1), anaplastic astrocy-
surrounding tissues and regional lymph nodes but with- toma (n = 1) and non-Hodgkin lymphoma (n = 1).
out inducing gross hematological alterations. It was
maintained by syngeneic SC transplantation and used Clinical Evaluation of the Health Condition
between passages 3 and 5. Taking into account the of Tumor-Bearing Mice
Working Formulation and REAL (Revised European-

The health condition of mice was evaluated and clas-American Classification of Lymphoid Neoplasms) clas-
sified through the general objective exam (GOE) usedsification, 2P-2 could be a mouse model for a human
in veterinary medicine by taking into account the stateperipheral T-cell lymphoma, unspecified (12).
of the fur (skin and hair), nutrition, mobility, and sen-

C7HI. This is a highly lung metastatic mammary sory (18). The states were graded as: good: G (similar
ductal adenocarcinoma that originated in a BALB/c fe- state to that of control mice without tumors), fair: F (in-
male treated with 40 mg of medroxyprogesterone acetate cipient signals of health impairment), bad: B (bristling
(MPA) every 3 months for 1 year (13). It is a slow grow- hair, weight loss up to 20% of the body weight at the
ing and nonimmunogenic tumor that was maintained by start of the experiment, reduced mobility, dyspnea with-
syngeneic SC transplantation and used between passages out cyanosis). More careful analysis revealed that bad
25 and 27. health condition was invariably associated to catabolism

of host body compartments, particularly muscle and adi-MC-C. Fibrosarcoma induced in a 5-month-old
pose tissues. In our previous experience, death of tumor-BALB/c male 3 months after the SC implantation of a
bearing mice usually occurred 7–12 days after badmethylcholanthrene pellet. It is a strongly immunogenic
health condition was attained.tumor that was maintained by syngeneic SC transplanta-

tion and used between passages 20 and 25. More de-
Surgical Procedures and Histological Studiestailed description of this tumor is given elsewhere (14).

S-180. Malignant tumor with sarcomatous histologi- In all cases, surgical procedures were carried out un-
der anesthesia using pentobarbitone sodium. Tumorscal aspect supplied originally from a Rockland mouse.

In our laboratory this tumor could be adapted to grow in were removed and fixed in 10% formaldehyde phos-
phate-buffered saline at pH 7 and included in Leica his-100% of BALB/c mice. It is a fast growing and weakly
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towax paraffin, blended with polymer additives. Serial in 100 µl of sterile distilled water (UHG stock solution).
The UHG method used enables the identification ofsections (3–5 µm) were obtained and stained with hema-

toxylin and eosin and periodic acid-Schiff (PAS). codon 12 and 13 mutations. Heteroduplexes were re-
solved on nondenaturing 20% (2.6% cross-linked) poly-Necrotic areas could be histologically distinguished

from areas of live tissue and quantified following the acrylamide gel electrophoresis (PAGE) with 2× TBE (90
nM Tris/HCl, pH 8.35, 90 mM boric acid, 1.25 mMmethod of point-counting (19). Grade of poly- and mo-

nonuclear infiltration was determined according to Man- EDTA) in the gel matrix and 1× TBE as running buffer,
for 5–6 h at 100 V at room temperature using a Mini-cini et al. (20).

To quantify the vascularization of tumor tissues, pho- Protean II electrophoresis cell (7.3 × 10.2 × 0.1 cm) (Bio
Rad, CA, USA). The single-strand conformation poly-tographs were projected on a screen and vessel density

in areas of 0.4 mm diameter was evaluated. Immuno- morphism (SSCP) analysis was performed after adding
formamide dye mixture (95% formamide; 20 mM EDTA;staining was performed by using anti-CD31 endothelial

cells (Dako GA, Carpinteria, CA, USA). 0.05% xylene cyanol, 0.05% bromo phenol blue) to the
PCR products. The mixtures were heated at 94°C for 5
min, and then loaded onto 12% and 15% PAGEs (29:1Evaluation of Metastatic Foci
acryl/bisacrylamide). Electrophoresis was performed as

Mice were anesthetized with ether and sacrificed by
mentioned above but at 75 V and 4°C. PAGEs were

cervical dislocation. The lungs were removed and rinsed
analyzed by silver staining.

in isotonic saline solution and surface metastatic nodules
(diameter ≥ 0.1 mm) were counted under a dissecting RNA Isolation
microscope. The lungs were then processed for histolog-

Total RNA was extracted aseptically from normal
ical studies and microscopic lung metastases (diameter <

and tumor tissues with SV Total RNA Isolation System
0.1 mm) were counted under a microscope at 125× mag-

(Promega, Madison, WI, USA), according to the manu-
nification in fields with 0.32 mm diameter. Liver, kid-

facturer’s instructions. Briefly, 50–100 mg of frozen
ney, spleen, and adrenals were removed and processed

tissue was immersed in 1 ml of SV lysis buffer and ho-
in the same way, looking for macro- and micrometa-

mogenized with a Polytron homogenizer. After dissolu-
static foci.

tion in RNase-free distilled water, RNA concentration
was spectrophotometrically quantified and quality checked

Supernatant of Dissociated Tumor Tissues
by gel electrophoresis.

Samples of 1 × 108 cells from MC-C, S-180, 2P-2,
RT-PCRand C7HI tumors were minced and homogenized in 10

ml of ice-cold PBS. Subsequently, supernatant of these For RT-PCR reactions, one step RT-PCR access
(Promega) was used following the manufacturer’s in-dissociated and homogenized tumor tissues was obtained

after centrifugation at 8000 × g for 10 min, passed structions. Total RNA (1 g) was incubated with 5×
AMV/Tfl reaction buffer, 1 µl of 10 mM dNTP, 2.5 µlthrough a 0.2-µm filter, and stored at −20°C until use.
of 25 mM MgSO4, 50 pmol of primers, 1 µl of AMV
reverse transcriptase (5 U/µl), 1 µl of Tfl DNA polymer-DNA Isolation
ase (5 U/ µl), and nuclease-free water to a final volume

Genomic DNA samples of MC-C, S-180, C7HI, and
of 50 µl and one drop of mineral oil for 45 min at 42°C

2P-2 tumors from mice displaying both a bad (B) and a
to generate cDNA first strand. Following this, PCR reac-

good (G) health condition were obtained by standard
tion was performed in the same tube without removal

phenol-chloroform method and ethanol precipitation (21).
from the thermocycle. Preliminary experiments were

As a positive control, the Molt-4 cell line heterozygous
performed to determine the right cycle number for am-

for codon 12 (GGT-TGT) (erythroblastoid human cell
plifying cDNA from each gene product during the expo-

line) was used.
nential phase of PCR. Reaction cycle versus product
yield curves of tumor RNA were plotted on semiloga-

NRAS Mutation Analysis
rithmic graphs. We chose the number of cycles within
the linear phase. The number of cycles selected were:The universal heteroduplex generator (UHG) stock

and genomic DNA were amplified separately and then 35 cycles for TNF-α and IL-1β and 20 cycles for IL-6.
the UHG/sample heteroduplex was obtained by the mix

Determination of TNF-α, IL-1β, and IL-6 in Serumand melt procedure as previously described (22). The
and Tumor TissuesUHG is a PCR product that contains an insertion of 3

cytosines between codon 12 and 13 within exon 1 NRAS TNF-α activity was determined in serum and super-
natant of dissociated tumor tissues by a cytotoxic assaygene. That PCR product was purified and resuspended
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using L-929 cells as target, as previously described (23). mice were inoculated SC with 1 × 105 cells from the fol-
lowing tumors: MC-C (n = 24); S-180 (n = 13); 2P-2Titer of TNF-α activity was expressed as the reciprocal

of the dilution producing 50% cytotoxicity on L-929 (n = 30), and C7HI (n = 28). Animals were observed
daily and the kinetics of tumor growth were registeredcells and expressed as lytic units (LU) 50 by 0.1 ml.

Specificity of the assay was confirmed by the ability of in all groups. When a mouse exhibited a bad (B) health
condition, the mouse was sacrificed and the tumor wasan anti-TNF-α antibody (Sigma, St. Louis, MO, USA)

and a TNF-α receptor (see below) to abrogate the cyto- excised and weighed and then prepared for histological
studies and DNA and RNA analysis. At the same time,toxicity of L-929 cells produced by test samples. The

presence of IL-1β and IL-6 in serum and supernatant of if there existed another mouse bearing a tumor of similar
volume but displaying a fair (F) or a good (G) healthdissociated tumor tissues was determined by ELISA

(R&D Systems, Minneapolis, MN, USA). condition, that mouse was also sacrificed and the tumor
weighed and prepared as above for histological and mo-

Anti-TNF-α Therapy lecular studies.
As shown in Figure 1a, sharp differences in tumorRecombinant fusion protein composed of soluble di-

mass were found in 12 MC-C tumor-bearing mice ex-meric human p80 tumor necrosis factor-α receptor
hibiting a B health condition with significant differences(TNFR) linked to the Fc region of human IgG (TNFR:
between the six lower and the six higher tumor massesFc, etanercept) was purchased from John Wyeth (Bue-
(2.8 ± 0.3 g vs. 5.8 ± 0.8 g, P < 0.01) detected at 49.7 ±nos Aires, Argentina). In vivo neutralization of serum
1.4 days versus 60.5 ± 1.3 days of tumor growth, respec-TNF-α activity from tumor-bearing mice was attempted
tively (P < 0.001), with extreme values of 1.9 g and 9 gby IV inoculation with 100 µg of TNFR/Fc per mouse
registered at 45 and 65 days of tumor growth, respec-in 0.1 ml of saline as previously described (24). TNF-α
tively. Figure 1a also shows that there were B mice bear-activity present in the serum was evaluated at selected
ing a tumor mass (2.1 ± 0.4 g, n = 3, at 47 1.1 days ofperiods after anti-TNF-α therapy.
tumor growth) more than three times smaller than that

Antimacrophage Therapy of other mice displaying a G health condition (6.9 ± 1.1
g, n = 2 at 64 ± 1 days of tumor growth, P < 0.02). AsClodronate (dichloromethylene bisphosphonate) was
shown in Figure 1b–d, similar results to those for MC-provided by Roche Diagnostics (Mannheim, Germany).
C tumor were observed with S-180, 2P-2, and C7HI tu-Liposomal-encapsulated clodronate was prepared using
mors.86 mg of phosphatidylcholine (Lipoid EPC, Lipoid,

Results of the above experiments showed that a largerLudwigshafen, Germany), 8 mg of cholesterol (Sigma),
primary tumor mass would not necessarily be associatedand clodronate (0.7 mol/L) in a final volume of 4 ml as
with a worse health condition. In another experiment,previously described (25). Empty liposomes were pre-
a similar conclusion was reached concerning secondarypared under the same conditions in phosphate-buffered
tumor mass. In effect, C7HI tumor-bearing mice exhibit-saline. Mice bearing 100–150 mm3 tumors were anes-
ing a B health condition (n = 17) showed a higher, equal,thetized and then received an intratumoral (IT) and an
or even lower metastatic load than that observed in miceIV inoculation of 0.1 ml/10 g body weight of this liposo-
bearing a similar primary tumor mass and the samemal-encapsulated clodronate suspension. The IV injec-
length of tumor growth but displaying a F (n = 27) or ation of this suspension induced the complete depletion
G health condition (n = 24) (Fig. 2). Metastatic load ofof splenic and hepatic macrophages within 24 h as pre-
C7HI tumor-bearing mice was restricted to lung becauseviously reported (25). Tumor-bearing mice receiving
no macro- or micrometastatic foci were detected in liver,empty liposomes served as controls.
kidney, spleen, and adrenals. Study of the relationship
between metastatic load and health condition was lim-Statistical Analysis
ited to C7HI tumor-bearing mice, because MC-C, S-180,

Student’s t-test, Mann Whitney U-test, and chi- and 2P-2 tumor-bearing mice did not display metastatic
square were used. Values were expressed as mean ± growth.
SE). Differences were considered significant when a
value was P = 0.05 or smaller.

Search for NRAS Mutations in Tumor Cells Derived
From B and G HostsRESULTS

Relationship Between Tumor Mass and Health To understand the mechanisms by which some mice
Condition of Tumor-Bearing Mice bearing small tumors died rapidly while others displayed

a G health condition bearing similar or even larger tu-To determine the relationship between tumor mass
and the damage to the organism, groups of syngeneic mors, a genomic DNA analysis for NRAS mutations was
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Figure 1. Study of the relationship between tumor mass (ordinate) and health condition of tumor-bearing mice. Tumor growth
was initiated with a subcutaneous implant of 1 × 105 cells either of (a) methylcholantrene-induced fibrosarcoma, MC-C; (b)
spontaneous sarcoma, S-180; (c) spontaneous lymphoma, 2P-2; or (d) medroxyprogesterone-induced mammary adenocarcinoma,
C7HI. Abscissa represents days of tumor growth. Each column represents a single tumor.

performed in cells from tumors of similar size growing underlie the different tumor aggressiveness of our mu-
rine tumors, the following in vivo experiments did noteither in B or G mice. Rationale for this study was based

on the claim that wild-type NRAS can suppress or reduce favor that possibility. In effect, 1 × 105 MC-C live tumor
cells derived from tumors of similar size growing eithermalignant properties of murine tumor cells even in the

absence of its oncogenic allele, suggesting that NRAS in B or G hosts were inoculated SC in normal mice.
Survival time of mice that received tumor cells from Bmutations could act as a general enhancer of the trans-

formed phenotype (6). Our results would not support hosts was 55.3 ± 1.8 days (n = 12; range 45–65 days),
not significantly different from that of mice receivingthat expectation for the tumors studied herein. In effect,

two independent samples of MC-C, S-180, C7HI, and tumor cells from G hosts: 53.3 ± 1.9 days (n = 30; range
39–73 days). Kinetics of tumor growth was also similar2P-2 tumors from both B and G hosts showed the same

pattern as the normal one for the hot codons 12 and in both groups. The same results were obtained with S-
180, 2P-2, and C7HI tumor cells. This suggested that the13 either by the UHG method or the SSCP method. A

representative experiment with S-180 and C7HI tumors deleterious effect observed in B hosts could not be due to
a more aggressive subpopulation of tumor cells present inis shown in Figure 3. Mass of MC-C tumor from B (4.1

± 0.2 g) and G mice (4.4 ± 0.2 g) was not significantly tumors from B but absent in those from G hosts.
different. The same was also valid for S-180 (1.9 ± 1 g

Histopathological Studies
for B vs. 1.8 ± 1 g for G mice), 2P-2 (6.3 ± 1.8 g for B
vs. 5.7 ± 0.9 g for G mice), and C7HI (4.8 ± 0.4 g for B Murine Tumors. Three different areas were distin-

guished within the four tumors studied herein: the livevs. 4.6 ± 0.4 g for G mice) tumors.
Although mutations in other proto-oncogenes might and the necrotic zones, and a third intermediate area that
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ferent stages of cellular disintegration. Depending on
each type of tumor, the transition zone showed a vari-
able width and a different density of stroma (cells and
extracellular matrix).

A careful histopathological analysis of the three tu-
mor zones in mice exhibiting different health conditions
was carried out. No cytological differences could be
found among live tumor cells derived from B, F, and G
hosts. Similarly, although tumors from B hosts usually
showed a significantly higher proportion of necrosis
than tumors of a similar mass growing in G hosts, this
difference could not be considered as a reliable index of
a worse health condition. For example, as shown in Ta-
ble 1, the percentage of necrosis of large MC-C tumors
in G hosts was actually higher than that observed in
small MC-C tumors from B hosts (P < 0.05). In our
hands, the main morphological difference between tu-
mors from B and G hosts, independently of tumor size,
was the sharply higher number of small, sinuous, and
dilated capillaries inside the transition tumor zone from
B compared with those from G mice; some of these ves-
sels were also seen penetrating into the necrotic zone
(Table 1, Fig. 4a vs. b and c). Tumors from F mice gave
an intermediate image. It is worth noting that the num-
ber of capillaries in the live zone was not pertinent to
predict health condition (Table 1). For example, MC-C

Figure 2. Study of the relationship between number of surface tumors 2–3 g in weight from B hosts displayed a lower
lung metastases (>0.1 mm) and health condition of mice bear- number of capillaries/field in the live zone than in simi-
ing a subcutaneous C7HI tumor at 90, 100, and 110 days of lar-sized MC-C tumors from G hosts (17.2 vs. 27.2, re-
tumor growth. Each column represents a single mouse. Ordi-

spectively) while, on the other hand, the number of cap-nate: number of surface lung metastases. Abscissa: host health
illaries/field in the transition area was dramaticallycondition. Horizontal lines represent the mean of metastatic

foci for each group. Differences among groups were not sig- increased (37.5 in B vs. 3.4 in G hosts).
nificant. No difference was found for microscopic metastases Considering only tumors from B hosts, a significant
(<0.1 mm) either (data not shown). difference could be detected between tumors displaying

a more or a lesser aggressive behavior. In effect, as
shown in Table 1, in small S-180 and MC-C tumors

we have designated the transition zone (Fig. 4a). The that induced a rapid deleterious effect on the organism,
live zone was characterized by the presence of both ac- swelling capillaries inside transition areas were filled
tively proliferating tumor cells and a complex network with inflammatory cells (macrophages, mononuclear,
of capillaries. The number of mitotic images was high and polymorphonuclear), eventually migrating outside
in MC-C, S-180, and 2P-2 tumor models and relatively the capillaries. On the other hand, in large MC-C and in
scanty in C7HI. In all cases, mitoses were more frequent the slow growing C7HI tumors, which induced a late
distant from the boundaries of the necrotic areas than deleterious effect, no inflammatory cells were seen in-
nearby. Live zone appeared either as a ring in the pe- side capillaries or infiltrating tumor tissues (P < 0.01,
riphery of the tumor (such as in MC-C), or as discrete compared with the inflammatory infiltration grade ob-
bundles radially located between the periphery and the served in small MC-C and S-180 tumors, which induced
core of the tumor mass (such as in S-180, 2P-2, and a rapid deleterious effect on the organism), nor was an
C7HI). The necrotic zone appeared in the core of the inflammatory response detected in lung C7HI metastatic
tumor or scattered as irregular bands among areas of live foci. The 2-P2 tumor could not be evaluated in this way
tissue, sometimes displaying hemorrhagic and liquefac- because its lymphoid nature made it difficult to discrimi-
tion necrotic foci and localized areas of dystrophic calci- nate between tumor and inflammatory infiltrating cells.
fication. The transition zone appeared between the live
and necrotic zones; scattered live tumor cells coexisted Human Tumors. Out of 80 samples analyzed, 56 dis-

played the three zones of live, necrotic, and transitionwith degenerating, apoptotic, and necrotic tumor cells
along with cellular and nuclear debris resulting from dif- areas described in our murine tumors; three representa-
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tive examples are shown in Figure 5. The remaining 24 larization in only 26 out of 41 cases and the number of
vessels was, in general, lower than that observed in thetumors exhibited only the live zone. The percentage of

carcinomas exhibiting the three zones (63%, 41 out of other tumors.
65) was significantly lower than that observed in sarco-

Transition and Necrotic Zones as a Sourcemas, lymphomas, and tumors of the nervous system
of Cachectic Factors(100%, 15 out of 15, P < 0.05). In the latter, transition

zones were in all cases characterized by the presence of An IV inoculation in normal mice of supernatant of
dissociated transition and necrotic tissues from MC-C,a high number of small vessels and inflammatory cells

with intra- and extravascular localization. On the other S-180, 2P-2, and C7HI tumors induced a syndrome sim-
ilar to the cachectic situation in a dose-dependent man-hand, in carcinomas, transition zones displayed vascu-

Figure 3. Search for NRAS mutations in tumors from BALB/c mice. S1: S-180 tumor from mice
exhibiting good health condition. S2: S-180 tumor of similar size as S1, from mice exhibiting bad
health condition. S3: C7HI tumor from mice exhibiting bad health condition. S4: lung from a
normal mouse. Molt 4: erythroblastoid human cell line heterozygous for codon 12. Wt: blood
sample from a healthy human donor. M: 50 bp molecular size marker. (a) Silver-stained patterns
obtained from mouse samples (S1–S4) analyzed by heteroduplex analysis using the UHG under
nondenaturing mini-gel electrophoresis (7 cm long). He: heteroduplex; Ho: homoduplex. (b) Sil-
ver-stained patterns of mouse samples (S1–S4) obtained by SSCP analysis (15%) (7 cm long). SS:
single-strand DNA; DS: double-strand DNA.
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ner. On the other hand, no harmful effect was observed
with supernatant of dissociated live tumor tissues (data
not shown). These results suggest that cachectic factors
are produced or released by dying tumor cells placed in
the transition and necrotic zones. The fact that treatment
of tumor-bearing mice with liposomal encapsulated clo-
dronate–a macrophage-depleting agent–diminished the
cachectic activity of supernatant of transition and ne-
crotic tumor tissues in two models (MC-C and 2P-2)
raised the possibility that tumor-infiltrating macrophages
could be an additional source of cachectic factors. To
investigate the nature of these factors, RT-PCR analysis
for mRNAs of TNF-α, IL-1β, and IL-6 was carried out
in the tumor tissue and in the liver of tumor-bearing
mice displaying a bad health condition. For MC-C and
S-180 tumors, TNF-α mRNA was detected in the transi-
tion and necrotic areas but not in the live tumor area or
in the liver of tumor-bearing mice. For 2P-2 and C7HI
tumors, low TNF-α mRNA levels were observed in all
tumor zones. IL-1β mRNA was expressed in all tumor
zones in S-180 tumor and in the liver of S-180 tumor-
bearing mice; on the other hand, IL-1β mRNA was ex-
pressed only in the transition and necrotic zones of C7HI
tumor. IL-6 mRNA was undetectable in all tumors. A
representative experiment is shown in Figure 6.

The presence of TNF-α, IL-1β, and IL-6 in serum
and tumor tissues was evaluated in tumor-bearing mice
exhibiting a bad or a good health condition. As shown
in Table 2, a direct proportionality between circulating
TNF-α and worse health condition was observed in mice
bearing MC-C (group I vs. II) and S-180 (group III vs.
IV) tumors. On the other hand, no TNF-α over control
values was detected in the serum of C7HI and 2P-2 tu-
mor-bearing mice displaying a bad health condition,
suggesting that in these models worsening of health state
would be unrelated to TNF-α. Moreover, an amazing
improvement of health and prolonged survival were ob-
served in 15 MC-C and 12 S-180 tumor-bearing mice
after an anti-TNF-α therapy by receiving three weekly
IV injections of TNF-α receptor linked to the Fc region
of human IgG (TNFR/Fc). Survival time of MC-C tu-
mor-bearing mice was 52.3 ± 2.0 days for TNFR/Fc re-

Figure 4. Murine tumors. (a) MC-C fibrosarcoma from a cipients versus 32.2 ± 2.1 days for controls (P < 0.001).
mouse displaying a good health condition showing the transi-

Survival time of S-180 tumor-bearing mice was 57.4 ±tion (between brackets), the live (right), and the necrotic (left)
3.0 days for TNFR/Fc recipients versus 27.2 ± 2.2 forzones. In the poorly vascularized transition zone, see scattered

live, apoptotic (with pycnotic nuclei), and degenerative tumor controls (P < 0.001). It is worth noting that in both MC-
cells (mainly near the edge of the necrotic zone). H&E ×10.

C and S-180 models recovery of health after TNFR/Fc(b) MC-C fibrosarcoma from a mouse displaying a bad health
treatment was paralleled with a sharp drop in TNF-αcondition. Between the live (right) and necrotic (left) zones,

the transition zone (between brackets) shows dilated and con- concentration in serum and it occurred despite the fact
gestive vascular structures and hemorrhagic foci. Inflamma- that tumor size was progressively increased. In contrast,tory cells are observed both inside and outside of the vascular

the health of four C7HI and four 2P-2 tumor-bearingstructures. H&E ×10. (c) S-180 sarcoma from a mouse dis-
playing a bad health condition. Between the live (upper) and mice was not improved by treatment with TNFR/Fc
necrotic (lower) zones, the transition zone (between brackets) (data not shown). In the same way, intratumor (IT) TNF-shows irregular, dilated, and congestive vascular structures

α, mostly in the transition and necrotic zones, was foundwith a dense inflammatory cell infiltration. H&E ×10.
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Table 1. Correlation Between the Number of Capillaries and the Grade of Inflammatory
Infiltration Observed in the Tumor Transition Zone and the Health Condition
of Tumor-Bearing Mice

No. of
Poly- andCapillaries/Field

Mononuclear
Mass Health % Live Transition Infiltration

Tumor (g) Condition Necrosis Zone Zone (Grade) N

MC-C 2–3 B 44.3 17.2 ± 2.2 37.5 ± 2.7 3 6
G 25.5 27.2 ± 2.6* 3.4 ± 1.3† 1 9

4–5 B 50.5 13.0 ± 2.9 27.6 ± 2.4 2 5
F 36.3 5.3 ± 2.4 8.3 ± 2.4‡ 3 3
G 34.0 7.0 ± 2.1 5.2 ± 1.9† 0 5

6–9 B 66.6 5.5 15.5 0 2
G 56.2 1.5 0.5§ 0 2

S-180 1–2 B 64.0 48.8 ± 3.7 50.8 ± 4.7 2 4
G 43.0 5.2 ± 1.2† 6.2 ± 1.1† 0 5

2–4 B 51.0 6.7 ± 1.2 36.3 ± 4.5 1 4
G 49.0 5.5 2.5¶ 0 2

C7HI 4–6 B 58.1 6.9 ± 0.9 12.0 ± 2.7 0 6
F 50.5 5.3 ± 1.3 1.8 ± 0.6# 0 4
G 37.5 2.5 ± 1.3 0.3 ± 0.3¶ 0 4

2-P2 3–5 B 38.6 22.6 ± 3.4 36.3 ± 5.4 — 3
F 33.5 8.3 ± 1.2¶ 11.3 ± 1.7‡ — 5
G 34.3 4.0 ± 0.6† 1.6 ± 0.2† — 5

Values for the live and transition zones represent the mean ± SE of n tumors; values without the SE are
averages of only two values and SEs were not included. Data from each tumor were obtained by averag-
ing the number of capillaries of 10 fields of 0.4-mm diameter. For simplicity, for percent of necrosis
and poly- and mononuclear infiltration grade, only mean values are shown; SE was always <15% of
mean value. Health condition was rated as: G (good)—similar state to that of control mice without
tumor; F (fair)—incipient signals of health impairment; B (bad)—bristling hair, weight loss up to 20%
of the body weight at the start of the experiment, reduced mobility, and dyspnea without cyanosis. Grade
of poly- and mononuclear infiltration was determined according to Mancini et al. (20).
*Significantly higher than in B (P < 0.01).
†Significantly lower than in B (P < 0.001).
‡Significantly lower than in B (P < 0.002).
§Significantly lower than in B (P < 0.02).
¶Significantly lower than in B (P < 0.01).
#Significantly lower than in B (P < 0.05).

in MC-C and S-180 tumors, but not in C7HI and 2-P2 tected in both serum and tumor tissues from MC-C,
S-180, 2P-2, and C7HI tumor-bearing mice. Serum fromtumors. However, different from what was observed

with circulating TNF-α, no correlation between TNF-α, 2P-2 tumor-bearing mice displaying a bad, but not a
good, health condition, exhibited a cachectizing-like ef-concentration in MC-C and S-180 tumor tissues, and

worse health condition was detected (Table 2). A direct fect when inoculated IV into normal mice. This effect
could be attributed to a not yet characterized dialyzableproportionality between circulating IL-1β titer and worse

health condition was observed in C7HI tumor-bearing (MW < 12500 Da), heat-resistant (56°C 0.5 h), and non-
peptidic factor that was also observed in the transitionmice (120.4 ± 2.0 pg/ml in B mice, n = 4 vs. 26.5 ± 2.5

pg/ml in G mice, n = 4, P < 0.001) but not in MC-C, S- and necrotic 2P-2 tumor tissues whatever the health con-
dition of 2P-2 tumor-bearing mice (data not shown).180, and 2P-2 tumor-bearing mice. In addition, similar

to what was observed with TNF-α, no correlation be- Taken together, the results suggested that different
cachectic factors could be produced in tumor transitiontween IL-1β present in C7HI tumor tissues (mostly in

the transition and necrotic zones) and worse health con- and necrotic tissues from tumor-bearing hosts exhibiting
both a bad and a good health condition; however, onlydition was detected (data not shown). For IL-6, no con-

centration of this cytokine over control values was de- in the former (bearing tumors with highly vascularized



178 BUSTUOABAD ET AL.

Figure 5. Human tumors. (a) Malignant astrocytoma with presence of a well-defined transition
zone (between brackets) between the live (left) and necrotic (right) zones. The transition zone
shows a mixture of preserved, apoptotic, and degenerative tumor cells with numerous, irregular
microvessels and a giant capillary containing scanty intraluminal tumor and inflammatory cells.
H&E ×25. (b) Malignant schwannoma. Between the live (right) and necrotic (left) zones, the
transition zone (between brackets) shows a higher number of irregular capillaries; inflammatory
cells are seen inside these vessels and infiltrating tumor tissue. H&E ×25. (c) Clear cell renal
carcinoma. Between the live (upper left) and necrotic (lower right) zones, the transition zone
(between brackets) shows an extensive hemorrhagic area with a giant capillary and scattered pre-
served and degenerating cancer and inflammatory cells. H&E ×25.
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transition zone) could these factors reach the general cir-
culation while in the latter (bearing tumors with poorly
vascularized transition zone) passage of these factors to
the general circulation seemed to be diminished or pre-
cluded.

DISCUSSION

The biological behavior of a neoplastic disease is not
always fully understood on the basis of classical criteria
such as tumor burden and extent of spread (4). This

Figure 6. Levels of IL-1β, TNF-α, and IL-6 mRNA were ana- raises the possibility that other criteria in addition to the
lyzed by RT-PCR in the live zone of S-180 tumor (S1), transi-

classical ones might help us to predict more accuratelytion and necrotic zones of S-180 (S2) and C7HI (S3) tumors
the outcome of malignant tumors as well as to serve asand in the liver of an S-180 tumor-bearing mouse (S4). Nega-
a guide for choosing the best treatment.tivel control (-) was liver of normal mice. RNA concentrations

were internally controlled using the housekeeping gene β- In this article, studying the growth of four different
actin. Intensity of the bands of β-actin was identical in all murine tumors, we observed that a larger primary and
cases (data not shown).

secondary tumor load with a longer length of growth
would not necessarily be a reliable index of a worse
prognosis and, reciprocally, that apparently identical tu-
mors, with similar mass and the same length of growth,
could have sharply different effects on the host’s health

Table 2. Concentration of TNF-α in Serum and Tumor condition. In addition, the relatively benign behavior of
Tissues of Tumor-Bearing Mice Displaying Different

one of the tumors studied (the mammary adenocarci-Health Conditions
noma called C7HI) seems to contradict the claim that a
highly malignant behavior is associated with rapid dis-Tumor

Tissues semination and metastases. In this case, although devel-
opment of lung metastases begins early, deleterious ef-

Tumor Necrotic fects on the organism usually occur very late during
Weight Host and tumor growth. Of course, this is not to say that metasta-

Tumors (g) Health Serum Transition Live
ses are not an important cause of death, but it suggests
that other deleterious factors could also be involved.I. MC-C 4 bad 4.33* 6.42 1

The term “progression” has been coined to describeII. MC-C 4 good 1.26* 10.69 1
III. S-180 3 bad 6.49† 16.79‡ 4.47 a change from a relatively harmless to a more harmful
IV. S-180 3 good 1.43† 5.73‡ 1 tumor behavior associated with the emergence of a more
V. C7HI 5 bad 1 1.44 1 malignant subpopulation of tumor cells (26). The en-
VI. 2P-2 4 bad 1 1 1 hanced aggressiveness of our tumors, however, does not

fall easily within that interpretation. In effect, no differ-Values for serum and tumor tissues are the ratio of TNF-α titer of
serum and supernatant of dissociated tumor tissues from tumor-bearing ences in cytological images or in NRAS mutations
mice to TNF-α titer of normal serum and tissues. Titer of TNF-α was (claimed to be related to a more aggressive tumor behav-
calculated as the reciprocal of serum or tissue sample dilution produc-

ior in some murine systems) were observed among liveing 50% cytotoxicity on L-929 cells and expressed as lytic units (LU)
50 by 0.1 ml. For simplicity only mean values are shown; standard tumor cells from similar size tumors derived from mice
error (SE) was always 15% of mean value. The determination of TNF- exhibiting a bad, fair, or good health condition. In addi-
α in serum of MC-C tumor-bearing mice was the mean of 5 experi-

tion, no differences in both tumor kinetics and survivalments; of S-180 tumor-bearing mice the mean of 3 experiments; and
of C7HI and 2P-2 tumor-bearing mice the mean of 2 experiments. time were detected among naive mice receiving an im-
Control normal serum displayed a TNF-α titer of 10.80 ± 2.33 LU50/ plant of live tumor cells whatever the health condition
0.1 ml (mean ± SE of 5 experiments), corresponding to 10.26 pg/ml

of the donor mouse. Another possibility could be relatedof TNF-α. The determination of TNF-α in tumor tissues of MC-C and
S-180 tumor-bearing mice was mean of 3 experiments; and of C7HI to a differential vascular supply of the live tumor tissue.
and 2P-2 tumor-bearing mice the mean of 2 experiments. Control nor- In effect, it is known that growth of solid tumors beyond
mal spleen and kidney tissues displayed a TNF-α titer of 12.98 ± 3.41

a small volume must be preceded by an expansive angi-LU50/0.1ml of supernatant of dissociated normal tissues (100 mg/ml)
in saline (mean ± SE of 3 experiments), corresponding to 14.79 pg/ml ogenic development (27–29). On this basis, considering
of TNF-α. two otherwise identical tumors, the conventional theory
*P < 0.02.

assumes that the one that displayed a higher number of†P < 0.01.
‡P < 0.05. capillaries irrigating the live tissue would attain a larger
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mass and in consequence would kill the host earlier man tumors, these histological images might have a sim-
ilar prognostic value as in our murine tumors.(30,31). However, by comparing similar size tumors with

the same length of growth, our observations showed that When normal mice received an IV inoculum of a su-
pernatant of dissociated transition and necrotic tumora higher number of vessels into the live tumor tissue was

not necessarily correlated with a worse prognosis. A tissues, cachectic symptoms developed in a dose-depen-
dent manner; in contrast, a supernatant of live tumorthird possibility was associated with the presence of tu-

mor necrotic areas, which have been known for many cells was harmless. In the four tumor models studied
herein, this cachectizing effect associated with the tran-years to correlate with a bad prognosis in some human

tumors (32–35). However, in our murine models, necro- sition and necrotic zones was observed independently
of the presence of tumor infiltrating inflammatory cells,sis itself was not always a clear-cut index of a more

aggressive tumor behavior. In effect, although tumors suggesting that it was dependent mainly on factors pro-
duced by dying tumor cells present in those zones. Thefrom hosts displaying a bad health condition usually

showed a higher percentage of necrosis than similar size fact that treatment of tumor-bearing mice with liposo-
mal-encapsulated clodronate–a macrophage-depletingtumors growing into healthy hosts, small and highly ag-

gressive tumors inducing rapid death of their hosts dis- agent–diminished the cachectic activity of the superna-
tant of transition and necrotic tissues in two out of fourplayed, in fact, a lower percentage and a smaller total

amount of necrosis than larger ones exhibiting a rela- models raised the possibility that tumor-infiltrating mac-
rophages could be an additional source of cachectic fac-tively benign behavior.

In our models, the main tumor feature consistently tors. One of these factors could be TNF-α. In effect, a
high concentration of TNF-α was detected in the serumassociated with a bad host’s health condition, indepen-

dent of tumor size, was the presence of a high number of MC-C fibrosarcoma and S-180 sarcoma-bearing mice
displaying a bad health condition, while similar size tu-of small dilated vessels inside the tumor area that we

have designated the transition zone. Some of these ves- mors, associated with good health, did not show values
of TNF-α above control. Reciprocally, a dramatic low-sels were also seen penetrating into the necrotic tissue.

In addition, when a bad health condition was attained ering of circulating TNF-α, reversion of cachectic symp-
toms, and a largely prolonged survival time were ob-associated with a small tumor mass, that is when tumor

behavior was highly aggressive, a high number of mono- served in MC-C and S-180 tumor-bearing mice after in
vivo treatment with an anti-TNF-α therapy by using anuclear and polymorphonuclear inflammatory cells was

seen inside those vessels and infiltrating tumor tissues. dimeric tumor necrosis factor receptor. In contrast, TNF-
α did not seem to play a role in the development ofAlthough live and necrotic areas have been largely stud-

ied by former authors, the transition zone, to our knowl- cachectic symptoms associated with the mammary ade-
nocarcinoma C7HI and the T-lymphoma 2P-2, suggest-edge, has not been previously recognized as a distinct

structure inside the tumor mass. This zone, placed be- ing that other molecules could be involved. Il-1β might
be implicated in the deleterious effect induced by C7HItween live and necrotic areas, where scattered live, dy-

ing, apoptotic, and necrotic tumor cells coexist, is proba- tumor because in these mice a direct correlation between
circulating IL-1β levels and worse health condition wasbly the most complex intratumor microenvironment,

especially in highly aggressive tumors where a dense detected. IL-6 did not seem to play a significant cachec-
tizing role in mice bearing any of the four tumors stud-network of small vessels and an acute inflammatory re-

action resemble the morphological traits observed in a ied. On the other hand, a heat-resistant, nonpeptidic, and
small serum factor could play a main role in the devel-wound-healing process in response to tissue injury

(7,36,37). On the other hand, in tumors derived from opment of cachectic symptoms induced by 2P-2 tumor;
according to its physical and chemical properties it washosts exhibiting a good health condition, practically no

small vessels penetrating into transition and necrotic ar- apparently different from any previously postulated
cachectic molecules (5). Although in the four models thateas or inflammatory reactions were found; intermediate

traits to those described above were seen in tumors from we studied there was a direct correlation between circu-
lating cachectic factors and a worse health state, concen-mice displaying a fair health state. A retrospective study

on human tumor slides revealed that histological images tration of these factors in tumor tissues was similar in
tumor-bearing mice exhibiting both a bad and a goodrepresenting the live, transition, and necrotic zones were

also observed in biopsies of 100% of sarcomas and tu- health condition, suggesting that only in the former
(mice bearing tumors with highly vascularized transitionmors of nervous system, 63% of carcinomas, and in the

only non-Hodgkin’s lymphoma analyzed. Moreover, a zone) but not in the latter (mice bearing tumors with
poorly vascularized transition zone) could these factorshigh grade of vascularization and a strong inflammatory

reaction inside the transition zone were observed in reach the general circulation.
All of these considerations may offer a putative ex-some tumor samples, raising the possibility that in hu-
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planation why some mice show a short survival time extended to other experimental and human tumors, the
detection of that histological image in routine histopath-bearing small tumors, while others exhibit a good health

state bearing tumors with similar or even larger size. In ological studies might be an additional tool to under-
stand and predict the outcome of malignant neoplasms.effect, a small tumor displaying a high number of ves-

sels inside the transition zone (some of them penetrating ACKNOWLEDGMENTS: The authors are grateful to Dr.
into the necrotic tissues) could be harmful to its host by Christiane D. Pasqualini for critical discussion of the manu-
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J. J. Portaluppi, E. da Vinci, A. Morales, and R. Fraiman forleading to unbalanced homeostasis, systemic damage,
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behave as a relatively benign one if its transition (and cas y Técnicas) and ANPCyT (Agencia Nacional de Promo-
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