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ABSTRACT

The acute hemorrhagic necrosis of tumor nodules caused by the
systemic administration of recombinant human tumor necrosis factor a
(rhTNF-a) has been partially attributed to changes in tumor neovascu-
larity. In this study, the effects of rhTNF-a were tested on primary
autochthonous sarcomas induced in CS7BL/6 mice by 3-methylcholan-
threne, on spontaneous mammary tumors in C3H/HEN mammary tumor
virus positive mice, and on the rejection of normal tissue transplants at
different stages of maturity in C57BL/6 mice. Primary i.m. tumors
induced by injection of 3-methylcholanthrene grew slowly over a 3-month
period and became acutely necrotic after i.v. injection of rhTNF-a (2-6
Mg).In addition, rhTNF-a caused a reduction in tumor area of 24% over
10 days compared to a 43% increase in tumor area in control mice
receiving excipient (I'' < 0.01). Histopathologically, tumors underwent

central necrosis with a neutrophilic infiltration as was observed previously
for serially transplanted tumors following rhTNF-a administration. Spon
taneous, vÂ¡rallyinduced mammary tumors underwent a 11% regression
on administration of rhTNF-a (4-6 /ig) compared to a 24% growth in
mice receiving excipient (P1 < 0.05). Normal mice were grafted with

syngeneic (C57BL/6) or partially allogeneic (C57BL/10 to C57BL/6)
skin and were treated with a single dose of rhTNF-a (5-20 Â¿ig)Â¡-v-at
either 5,10, or 15 days posttransplantation. rhTNF-a administration had
no effect on the integrity of the skin grafts at any maturation point tested
(syngeneic graft survival at 60 days: excipient, 35 of 36 versus 20 /ig
rhTNF-a, 35 of 36; allogeneic graft survival: excipient, 46 Â±8 days
versus 20 MUrhTNF-a, 48 Â±10 days). In addition, rhTNF-a had no
effect on the integrity of a syngeneic neonatal s.c. heart graft (graft
survival at 60 days, excipient, 35 of 36 versus rhTNF-a, 30 of 33). Thus,
although rhTNF-a administration led to marked necrosis and growth
inhibition of vascularized tumor, no effect was observed on vascularized
normal tissue transplants. To evaluate possible systemic effects of the
tumor bearing state on the maturing neovascularity of normal tissue
grafts, the three transplant models were studied in mice bearing a 9-day
established MCA-106 s.c. sarcoma. After treatment with rhTNF-a (2-6
UK),acute necrosis and tumor size reduction was apparent in the s.c.
tumors; however, no effect was seen in any of the normal tissue trans
plants. We discuss possible mechanisms for the difference in TNF-a
sensitivity between normal tissue grafts and tumors as they relate to
neovascularity.

INTRODUCTION

Tumor necrosis factor-a is a protein that was originally
described by its ability to mediate necrosis of transplanted s.c.
sarcomas (1). Following rhTNF-a2 injection, central necrosis is

observed in the tumor sometimes leaving a viable rim of tumor
cells, which can recur and eventually cause the demise of the
animal (2). Histopathologically, the rapid induction of this
necrosis is accompanied by hemorrhage with acute dilatation
of vessels prominent in the tumor parenchyma (3).

There is a direct antitumor action of rhTNF-a on tumor cell
lines in vitro with cytolysis occurring over a period of 72 h (4).
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Thus, the rapid onset of the acute antitumor effects of rhTNF-
a in vivo has been hypothesized to occur via an indirect mech
anism. Presumably, rapid hemorrhagic necrosis of tissue results
from the effects of TNF-a on the vasculature supplying the
tumor, leading to ischemia to the central portions of the tumor
nodule (5). However, the exact mechanism of the disruption of
neovascularity is not well understood.

Specific effects of TNF-a on vascular integrity have been
reported by using in vitro models. These include induction of
cell surface adhesion molecules (6, 7), HLA antigens (8), and
enhancement of a procoagulant effect (9) on vascular endothe-
lial cells. In addition, rhTNF-a has been implicated in the
release of prostaglandins (10) and other cytokines (interleukin
1 and interleukin 6) (11, 12) by endothelial cells and vascular
smooth muscle. Alternatively, the in vivo injection of rhTNF-a
locally in normal animals has been shown to cause angiogenesis
(13), suggesting a different mechanism of TNF-a activity on
vascularization of normal tissues by either a direct or indirect
effect.

Despite the profound effects of TNF-a on the growth of
murine tumors, little or no effect of rhTNF-a administration
has been seen on the growth of human cancers (14-16). Most
studies in mice have evaluated the antitumor effects of rhTNF-
a on serially transplanted tumors (17). It is unclear what role,
if any, the neovasculature of recently transplanted, rapidly
growing tumors plays in tumor destruction by rhTNF-a. To
assess this factor, we evaluated the antitumor activity of rhTNF-
Â«on primary autochthonous MCA induced sarcomas develop
ing gradually over 3 months as well as spontaneous tumors
arising in MTV+ mice. In addition, we evaluated the effects of
rhTNF-a on the integrity and acute rejection of normal trans
planted tissue at different stages of maturity in normal mice
and in mice bearing established, serially transplanted sarcomas.

MATERIALS AND METHODS

Mice. All mice were female C57BL/6 (B6) or C57BL/10 (BIO) at
least 12 weeks old when used in these experiments. They were obtained
from either The Jackson Laboratory, Bar Harbor, ME, or from the
Small Animal Section, Veterinary Resources Branch, National Cancer
Institute, Bethesda, MD. Female C3H/HEN MTV+ retired breeders
bearing spontaneous mammary tumors (69-152 mm2) were obtained

from the Small Animal Section (NIH).
Tumors. The syngeneic MCA-106 sarcoma in B6 mice was generated

in our laboratory by i.m. injection of 0.1 ml of MCA into the hindlimb
of B6 mice as described previously (18). Tumors were maintained by
serial passage in vivo and were used only from the third to the seventh
transplant generation. Single cell suspensions were prepared from fresh
tumor by using a mixture of hyaluronidase, deoxyribonuclease, and
collagenase (Sigma, St. Louis, MO) as described elsewhere (19).

Recombinant Tumor Necrosis Factor a. rhTNF-a was generously
provided by the Cetus Corp. (Emeryville, CA). rhTNF-Â«had a specific
activity of 2.2 x 10' units of rhTNF-a measured by the L929 cytolytic
bioassay (4). rhTNF-a (or excipient) was given via single i.v. injection
into the lateral tail vein in 1.0 ml HBSS (Biofluids, Rockville, MD)
containing 0.1% pooled normal B6 mouse serum.

Induction of Autochthonous Tumors. B6 mice were given injections
i.m. in the right thigh musculature of 0.1 ml of 1% MCA (Sigma, St.
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Louis, MO) suspended in reagent grade sesame seed oil (Sigma). Tumor
nodules developed over 3 months to a measurable mass (130-250 mm2)

distinct from the thigh musculature. All size measurements were taken
by determining the largest perpendicular tumor diameters with a Ver
nier caliper and were recorded as the product of the measurements.
Mice were randomly allocated into groups prior to treatment. All
subsequent measurements were made on coded, ear tagged mice in a
blinded fashion.

HistolÃ³gica!Assessment of i.m. Autochthonous Tumor after rhTNF-
a Administration. B6 mice bearing autochthonous MCA induced tumors
were treated with 8 Â¿igof rhTNF-a or excipient as a single i.v. dose.
Thirty-six h later, mice were sacrificed and the tumors were removed
and fixed in B5 fixative (NIH Media Unit, Bethesda, MD) for 1 h, then
placed in 10% formalin. Hematoxylin and eosin slides of sectioned
tumor were prepared and evaluated in a coded, blinded fashion by a
pathologist (W. D. T).

Skin Crafting Procedure. B6 and BIO mice were anesthetized with
1% pentobarbital solution (Somnifer, Richmond Veterinary' Supply.

Richmond, VA). To obtain skin, ears from the donor mouse were
removed and the two folds of skin were gently teasted apart. All cartilage
attached to the donor skin was excised with a blunt scalpel blade.
Recipient mice were anesthetized and shaved over the posteriolateral
flank. A full thickness section of skin was excised from the recipient
mouse to fit the size of the donor skin. Skin grafts were applied to
cover all exposed area of the surgical wound. A cotton ball soaked in
mineral oil was placed over the grafted site and fixed into place with
an adhesive bandage encircling the torso of the mouse. The bandage
was then fixed into position with 9-mm Autoclip wound clips (Clay
Adams, Parsippany, NJ). Successful engraftment was evaluated after 5
days, then the bandage was replaced daily for 3 days. Blood flow through
skin grafts has been shown to be established by 7 days after transplan
tation (20). Mice were then evaluated for rejection of skin grafts by
noting sloughing and vesicle formation. All mice were randomly allo
cated prior to treatment and were then ear tagged and randomized for
evaluation.

Heart Tissue Grafts (s.c.). Pregnant B6 mice were obtained from the
Small Animal Section, Veterinary Resources Branch. On the day of
delivery', mouse pups were anesthetized with methoxyflurane (Meta-
fanÃ©,Pittmann-Moore, Minneapolis, MN), and the neonatal hearts
were sharply excised from the chest cavity, quartered, and the ventric
ular portions were used for grafting. The heart tissue was placed in
saline until transplantation. Adult B6 recipients were anesthetized with
a 7% pentabarbital solution and a 1-cm longitudinal incision was made
on the posterior occipital scalp. A s.c. tunnel was made from the incision
to the pinna of the right ear by using a 10-gauge trocar needle. The
heart tissue was placed in the distal tip of the trocar needle, advanced
through the tunnel, and forced into the distal portion of the auricular
pocket. All air and fluid was expressed from the pocket and the incision
was closed with a single wound clip. Grafts were first evaluated at 3
days posttransplantation. Blood flow through cardiac grafts was noted
to occur by 5 to 7 days after implantation.' Mice were anesthetized

with methoxyflurane and the grafted ears were fastened to leads of an
electrocardiograph (Hewlett-Packard, Waltham. MA), using No. 33
alligator clips at four points around the periphery' of the grafted ear.
All mice were also tested for interfering signal from the recipient's own

heart. In most cases, the contractions of the grafted heart tissue could
be observed under magnification by 3 days. Rejection was defined as
loss of electrocardiographic signal in any lead. rhTNF-a was adminis
tered i.v. as a single bolus, after which mice were randomized, coded,
and followed for heart graft rejection (21).

Transplanted s.c. Tumor Model. In some experiments, groups of mice
to be transplanted with normal tissue grafts were previously given
injections s.c. on the ventral abdominal skin of 5 x 10* MCA-106

sarcoma cells suspended in 0.05 ml of HBSS. The single cell suspension
was injected superficially, raising a small vesicle on the skin surface.
The tumor achieved a 5-mm diameter over the following 9 days. All
size measurements were taken by determining the largest tumor diam
eters with a Vernier caliper and were recorded as the product of the
perpendicular measurements.

3 Unpublished observations.

Statistical Analysis. Statistical determinations were made by either
Wilcoxon rank sum analysis or x2 formula, depending on the experi

mental data analyzed. All P values reported are two tailed.

RESULTS

Antitumor Effects of rhTNF-a on Autochthonous Sarcomas
Induced by MCA. Previous results have shown that serially
transplanted tumors established at s.c. and visceral sites in mice
rapidly undergo hemorrhagic necrosis and tumor regression
after treatment with single i.v. doses of rhTNF-a (22). These
particular tumors have a rapid growth rate with a neovascula-
ture that develops rapidly after transplantation (2).

In this study, we induced primary tumors in B6 mice with
the carcinogen, MCA, to directly evaluate the effects of rhTNF-
a on primary autochthonous sarcomas, which are formed over
a 3-month period. Following MCA inoculation, the sarcomas
grew slowly with a different growth rate in each animal. At 3
months, measurable tumor nodules distinct from the muscle
mass were observed. At this point, the tumor bearing mice were
randomized and treated with a single i.v. bolus of rhTNF-a (2-
6 Â¿ig)or with excipient. Mice were followed over the next 30
days for measurable changes in tumor area.

As shown in Fig. 1, significant reduction in percentage of
tumor area compared to the size of the original sarcoma nodule
was observed in two separate experiments. Even at the lowest
dose of rhTNF-a administered (2 /Â¿g),a 24% tumor reduction
was seen by day 11 posttreatment compared to a 43% growth
in tumor area in control mice receiving excipient (P2 < 0.01).

Although acute size reduction occurred in all tumors after
rhTNF-a administration, growth of all individual sarcomas
eventually resumed. Early reduction in tumor area was similar
to that previously seen in tumor lines serially transplanted in
vivo', however, the average size of the primary tumors (130-250
mm2) was larger than those treated in previous studies (2, 17).

Histopathology of Primary Sarcomas Treated with rhTNF-a.
For evaluation of type of tumor, necrosis, and cellular infiltrate,
we treated 15 tumor bearing mice with either HBSS or rhTNF-
a (8 ng). After 36 h, mice were sacrificed and the posterior limb
bearing the tumor was excised and prepared for routine histo
lÃ³gica!analysis. A semiquantitative assessment was made for
each specimen for extent of necrosis, inflammatory infiltrate,
and vascular changes. The extent of coagulative necrosis was
an average of 70-80% with a range of 35-99% in the rhTNF-
a treated mice compared to an average of 10% necrosis in
excipient treated mice (Fig. 2). Marked inflammation was found
in necrotic tumors and consisted primarily of neutrophils, with
occasional lymphocytes. Inflammation in some cases spilled
over into the adjacent connective tissue; however, this tissue
generally was not necrotic. Vascular changes including margin-
at ion and plugging by neutrophils and fibrin microthrombi were
seen at the edges of the necrotic areas in most of the rhTNF-a
treated mice, and in a few of the mice receiving excipient.

Antitumor Effects of rhTNF-a on Autochthonous Mammary
Tumors Arising in MTV+ Mice. Spontaneous tumors induced
by MTV occur naturally in female C3H/HEN breeder mice
(23). These tumors tend to be slow growing. Six mammary
tumor bearing mice per group were treated with rhTNF-a (4 or
6 Mg)or excipient alone in a single i.v. bolus and followed for
measurable changes in tumor area. Since mammary tumors
(69-152 mm2) often arise at multiple sites, individual tumors

were encircled with indelible ink prior to randomization.
As shown in Fig. 3, the reduction in percentage of the original

tumor area was 11 and 8%, with 4 and 6 /Â¿gof rhTNF-a,
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Fig. 1. Effect of increasing i.v. dosage of rhTNF-a on growth rate of autoch
thonous tumor induced by 3-methylcholanthrene. Six mice/group were treated
with either 2, 4, or 6 Â¿igof rhTNF-a (or excipient) as a single i.v. bolus. Tumor
growth is expressed as percentage of change in tumor area from the day of rhTNF-
Â«injection. Tumor area at initial treatment was 130-250 mm2. A, Experiment 1;

B, Experiment 2.

respectively, compared to a 26% growth of tumor in the excip
ient treated mice (P2 < 0.05). Although necrosis was visible in
all rhTNF-a treated MTV tumors, rapid regrowth of tumor
occurred in all cases. Similar results were observed in a repeat
experiment.

Effects of rhTNF on Transplanted Normal Tissue. We next
evaluated the effect of i.v. injection of rhTNF-Â« on normal
transplanted tissue. Groups of recipient B6 mice were grafted
with skin transplants from either B6 or BIO mice. Mice were
placed in groups of six and were treated i.v. with rhTNF-a (5-
20 Mg)or with excipient either on day 5, 10, or 15 posttrans
plantation and were then followed for graft survival. Evaluation
of rejection in individual grafts was made in coded fashion by
one individual and was based on sloughing, vesicle formation,
and skin contraction. BIO allogeneic skin grafts to B6 recipient
mice were chosen because of the prolonged time to rejection of
these grafts.

Mice bearing syngeneic (B6 to B6) transplants treated with
i.v. rhTNF-a showed no enhancement of acute graft rejection
as compared to excipient controls (105 of 108 grafts treated
with rhTNF-a survived compared to 35 of 36 surviving grafts
treated with excipient control; Fig. 4). All mice were followed
for 60 days and no significant graft rejection was seen when
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Fig. 2. Top, microscopic section of tumor architecture from a 3-month-old
primary autochthonous sarcoma induced by 3-methylcholanthrene in an animal
treated with excipient alone, and sacrificed 36 h posttreatment. The tumor is a
sarcoma consisting of spindle cells with atypical cytological features. The sarcoma
is viable without evidence of necrosis. Bottom, rhTNF-Â« (8 ng) mediated necrosis
in an i.m. primary autochthonous tumor from a mouse sacrificed 36 h after i.v.
rhTNF-Â« administration. Extensive necrosis is visible surrounded by unaffected
skeletal muscle. H&E, x 125.
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Fig. 3. Effect of increasing i.v. dosage of rhTNF-a on the growth rate of
autochthonous mammary tumors arising in MTV+ C3H/HEN mice. Six mice/
group were treated with either 2 or 6 /jg of rhTNF-n (or excipient) as a single i.v.
bolus. Tumor growth is expressed as a percentage of change in tumor area from
the day of rhTNF-a injection. Initial tumor area, 69-152 mm1.

mice were treated with rhTNF-a at 5, 10, or 15 days after graft
placement.

In the allogeneic (BIO to B6) skin grafted mice (Fig. 4),
rejection occurred at 46 Â±8 days in the excipient treated control
mice. The administration of i.v. rhTNF-a induced no increase
in graft rejection incidence nor earlier graft failure. The dose of
rhTNF-a used to treat these mice well exceeded that necessary
to cause hemorrhagic necrosis of tumors; 3 of 36 mice died
secondary to rhTNF-a toxicity in the group treated with 20 /ug.

In addition, we tested the effects of rhTNF-a in B6 mice
bearing syngeneic s.c. neonatal heart grafts. By day 3 posttrans
plantation, contraction of the heart grafts could be observed in

SYNGENEIC
SKIN GRAFT

the ears of recipient mice and the electrocardiographic signal
was recorded. Mice were treated with i.v. rhTNF-a (5-20 /Â¿g)
or excipient at days 3, 7, or 15. The grafts were followed by
electrocardiographic readings and loss ofthat signal was defined
as rejection.

Even at the highest rhTNF-a dose (20 Mg), neonatal heart
muscle grafts showed no significant evidence of early rejection;
combining the three postgrafting times, 4 of 108 mice showed
signs of acute necrosis of their grafts (Fig. 4). Syngeneic heart
muscle transplants remained viable at 60 days after implanta
tion despite rhTNF-a therapy.

Effects of rhTNF-a on Normal Tissue Transplants and on
Tumor Transplants in the Same Animal. Since no evidence of
acute rejection or functional loss of transplanted tissue was
noted in normal mice after administration of high dose rhTNF-
a, we next examined whether or not the tumor itself could have
systemic effects on normal tissue grafted at a distant site. We
thus conducted experiments to examine the effects of rhTNF-
a on the acute rejection of transplanted tissue in mice bearing
established MCA-106 sarcomas. Skin grafts from either B6 or
BIO mice were transplanted onto the posterior flank of a
recipient B6 mouse which had been inoculated on the abdomi
nal skin with 1 x 10s MC A-106 sarcoma cells. Thereafter,
grafted mice were treated with rhTNF-a on either day 5, 10, or
15 posttransplantation (at 9 days of tumor growth, with tumor
area of 0.5-0.7 cm2). In addition, the antitumor effect of
rhTNF-a was evaluated by measurement of tumor area.

MCA-106 s.c. tumors in B6 mice bearing tissue transplants
and treated with rhTNF-a (Fig. 5) all underwent significant
hemorrhagic necrosis. Significant reduction in tumor area was
seen as early as 2 days following rhTNF-a administration with
complete regression at high doses in some of the mice.

Syngeneic skin grafted onto tumor bearing mice treated with
high dose rhTNF-a showed no signs of rejection at 5, 10, or 15
days of transplant maturation; 35 of 36 grafts survived without

ALLOGENEIC
SKIN GRAFT

SYNGENEIC S.C.
HEART GRAFT

Fig. 4. Effect of rhTNF-rt on syngeneic (B6
to B6. left) or allogeneic (BIO to B6, center) skin
graft survival in normal mice at various stages
of graft maturation. Mice bearing skin grafts
placed on the posterior flank were treated with
increasing i.v. doses of rhTNF-a (either 5, 10.
or 20 ^g) on day 5, 10, or 15 posttransplanta-
tion. Right, syngeneic (B6 to B6) s.c. neonatal
heart graft implanted in the ear of recipient mice
and treated with i.v. rhTNF-a on day 3, 7. or
15 posttransplantation. All mice were followed
for 60 days for graft survival.
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Fig. 5. Effect of rhTNF-a on the growth
rate of s.c. MCA-106 sarcoma in mice that also
bear transplanted skin or s.c. neonatal heart
grafts at different stages of maturity. rhTNF-a
was administered on day 9 of tumor growth to
C57BL/6 mice that were also bearing either a
5-, 10-, or 15-day-old syngeneic (B6 to B6, left)
or allogeneic (10 to B6, center) skin graft, or a
3-, 7-, or 15-day-old syngeneic (right) s.c. neo
natal heart graft. All mice were followed for 30
days for tumor growth.
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signs of rejection in the excipient treated groups until succumb
ing to their tumor burden; 4 of 98 mice in all groups treated
with rhTNF-a rejected skin grafts prior to death from tumor
(10 of 108 mice died due to rhTNF-a toxicity within 48 h of
treatment). The remaining mice died of progressive disease
between 38 and 54 days after tumor inoculation with viable
skin grafts (Fig. 6). Allogeneic skin transplants (Fig. 6) showed
no evidence of acute rejection at any stage of transplant matu

rity; however, the majority of animals died of their tumor
burden prior to graft rejection (14 of 108 mice died due to
rhTNF-a toxicity). Several animals in both groups died second
ary to rhTNF-a toxicity, which is not uncommon at the doses
given to tumor bearing animals (2).

In addition to the skin graft models, heart muscle grafting
(Fig. 6) was performed in tumor bearing animals by using the
same protocol of inoculation of s.c. MCA-106 sarcomas 9 days

SYNGENEIC
SKIN GRAFT

ALLOGENEIC
SKIN GRAFT

Fig. 6. Effect of rhTNF-tt on graft survival
in C57BL/6 mice bearing 9-day s.c. MCA-106
sarcoma when administered at various stages
of graft maturation (see also Fig. 5). Syngeneic
(B6 to B6, left) or allogeneic (BIO to B6. center)
skin grafts were placed on the posterior flank,
or syngeneic s.c. neonatal heart grafts (right)
were implanted in the ear of tumor bearing
mice. These mice were then treated i.v. with
rhTNF-a on day 5, 10, or 15 post-skin trans
plantation or on day 3, 7, or 15 post-heart
transplantation; all animals were simultane
ously bearing 9-day sarcomas when rhTNF-n
was administered. All mice were followed for
60 days for graft survival.
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prior to i.v. rhTNF-a administration. Again at all three graft
maturation points no significant acute heart graft rejection
occurred in groups treated with rhTNF-a (3 of 108 rejected
grafts within 5 days of rhTNF-a therapy compared to 0 of 36
graft rejections in the excipient group prior to death from tumor
burden). Thus, rhTNF-a mediated rejection of tumor did not
impact on the integrity of normal tissue grafts in the same
animal.

DISCUSSION

We (2) and others (17) have shown previously that the
administration of rhTNF-Â« can cause regression with acute
hemorrhagic necrosis of transplanted tumors in mice. These
effects occur in a substantial proportion of s.c. and hepatic
tumors in vivo, but fail to occur in tumors that have not reached
a certain critical size (22). The viable rim of tumor remaining
around the necrotic center often grows to cause the demise of
the animal, although some mice bearing certain tumor types
can be cured when treated with a sufficient quantity of rhTNF-
a. The effects of rhTNF-a on weakly immunogenic tumors are
characterized by an early phase of tumor necrosis followed by
a later phase of immunological rejection that is dependent on
Lyt-2+ cells and which can be enhanced by simultaneous treat
ment with interleukin 2 (24, 25).

The specific cause of the early, acute necrotic effect on tumors
is not well understood. It has been proposed that the direct or
induced acute necrosis mediated by rhTNF-a is influenced by
destruction or obstruction of neovascularization to the tumor
(3, 5). Evidence showing the effect of rhTNF-a on the in vitro
expression of adhesion proteins (LFA-1, ICAM) (6, 7), MHC
antigens (26), as well as procoagulant effects (9) and cytokine
production by vascular endothelial and smooth muscle cells
(10-12) have strengthened this hypothesis. Although studies
have shown neutrophil plugging with increased fibrin formation
(27, 28) in vessels supplying tumors after rhTNF-a administra
tion, prior anticoagulation efforts have had no effect on reduc
ing the acute necrotic effects in these tumor bearing mice (3).
Moreover, studies in normal animals have shown that local
injection of rhTNF-a can actually result in angiogenesis (13).

The effects of rhTNF-a on tumor necrosis of transplanted
mouse tumors has been in sharp contrast to the lack of antitu-
mor effect of rhTNF-a administered to humans with cancer in
multiple clinical trials (14-16). Because human cancers are
autochthonous and slow growing compared to transplanted
mouse tumors, we postulated that the discrepancy between the
effects of rhTNF-a in mouse and humans was due perhaps to
differences in vascularity of spontaneous and transplanted tu
mors. The experiments reported here demonstrate that rhTNF-
a has the same acute hemorrhagic necrosis on primary autoch
thonous murine tumors forming over a prolonged period of
time as on serially transplanted tumors forming over several
days. In addition, there was no effect of high dose rhTNF-a on
normal grafted tissue (skin or s.c. heart grafts) with a rapidly
developed neovasculature. Using the combined model with a
normal tissue transplant and a transplanted tumor, results have
shown that the tumor has no systemic effect on developing
neovascularity of normal grafts, which can be affected by
rhTNF-a. Alterations in graft rejection caused by the effects of
a minor histocompatibility difference (BIO to B6) were not
apparent after a single bolus of rhTNF-a in normal and in
tumor bearing graft recipients, in spite of the fact that rhTNF-
a has been shown to have immunoenhancing effects (29).

The mechanism of acute necrosis of murine tumors by

rhTNF-a remains to be elucidated. Recent interest in the effects
of rhTNF-a on acute inflammatory cells (neutrophil activation,
invasion, and adherence) as well as differences in vascular
structure between tumor and normal tissue may have relevance
to the primary destruction of murine tumors (30-32). Aside
from a possible difference in the stage of vascular maturity
between normal skin/cardiac grafts and tumors at the time we
administered rhTNF-a, sensitivity or resistance of these tissues
to this cytokine may also reflect the (a) production of factors
elaborated by tumor cells that enhance the procoagulant re
sponse of tumor vasculature but not normal vasculature to TNF
(28); (b) extent of proliferation and/or motility of endothelial
cells as well as the affinity of TNF receptors expressed on these
cells (33); and (c) prevalence of gap junctions uniting target
cells in the vascular endothelium (34).

To our knowledge, these experiments are the first to show
that the administration of rhTNF-a can mediate necrosis and
size reduction of primary autochthonous tumors in mice. They
also show that transplanted normal tissues are not affected by
rhTNF-a administration. Whether or not the in vivo differential
effect of rhTNF-a on normal versus tumor tissue reflects fun
damental biological differences in their respective vasculatures
remains to be determined.
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