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Abstract
In this report we describe an experimental model of cachexia
that fulfills the criteria of an early effect with a small tumor
mass not related to the growth rate of the tumor, and progres-
sive wasting of muscle and fat without a detectable loss of appe-
tite. C-26.IVX is a cell line derived from murine colon-26 adeno-
carcinoma which retains the transplantability of the original
tumor and induces true cachexia in syngeneic hosts. Evidence is
presented to support a role for interleukin (IL-6) as a cachectic
factor in the development of cancer cachexia in this model sys-
tem. Thus, increasing levels of IL-6 in C-26.IVX-bearing mice
correlate with the development of cachexia. If the primary tu-
mors were resected, mice gained weight and the levels of IL-6 in
the serum were reduced significantly. Moreover, monoclonal
antibody to murine IL-6 (but not anti-tumor necrosis factor
antibody) was able to significantly suppress the development of
key parameters of cachexia in tumor bearing mice. (J. Clin.
Invest. 1992. 89:1681-1684.) Key words: cancer cachexia * co-
lon-26 tumor * monoclonal antibody * tumor necrosis factor

Introduction
Cancer cachexia, which includes depletion of muscle and fat
tissue, anorexia, asthenia, hypoglycemia and anemia (1, 2),
complicates therapeutic intervention (3) and is an important
cause of death in cancer patients (4). Host-derived and tumor
cell-derived tumor necrosis factor (TNF)' has been suggested
as a mediator of the metabolic changes associated with ca-
chexia because it can suppress key metabolic enzymes and can
induce cachexia in experimental animals (5-7). However, ex-
trapolation of these findings to clinical cancer has been difficult
and yields mixed results (8-10). Thus the precise mechanism of
cancer cachexia remains largely unknown (4, 1 1).

Only few animal transplantable tumors are capable of in-
ducing cachexia in vivo (12). Even fewer of the experimental
models that have been used to study the mechanism of ca-
chexia fulfill the criteria that cachexia should be an early effect
of the tumor and be present with a small tumor burden (4, 12).
Instead, cachexia is usually studied in rapidly growing rodent
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1. Abbreviations used in this paper: SAP, serum amyloid P; TNF, tu-
mor necrosis factor.

tumors which appear as a late effect usually just before death
when the tumor mass has grown to a large size. These models
attribute the cachexia to a decrease in food intake and competi-
tion of the tumor with the host for essential nutrients. Such
tumor models are thus not indicative of the conditions of
cancer patients with cachexia (4, 12).

Murine colon-26 adenocarcinoma is an undifferentiated
tumor induced by a carcinogen (N-nitroso-N-methylurethan)
and has been shown to induce cachexia in mice (12, 13). Here
we describe a cell line that was derived from this tumor and
show that it induces true cachexia. Moreover, evidence is pre-
sented to suggest that interleukin 6 (IL-6) is involved in develop-
ment of cancer cachexia in this model.

Methods
Mice. Male Balb/c X DBA/2 (CD) Fl mice purchased from Charles
River Breeding Laboratories (Wilmington, MA) were used at 10-12 wk
of age.

Generation of C-26.IVX line. The chemically induced, colon-26
(C-26) undifferentiated carcinoma was obtained from the Tumor Re-
pository of the National Cancer Institute (Frederick, MD). The tumor
was minced into small fragments and transferred s.c. to the right flank
of CDF1 mice. 10 d later, the tumor was excised and minced, and a
single cell suspension was prepared by treatment with collagenase (250
gg/ml) and DNAse (1I g/ml) purchased from Sigma Chemical Co. (St.
Louis, MO) for 30 min at room temperature. After washing the cells, 1
X 106 cells/ml were incubated for 24 h at 370C in RPMI 1640 supple-
mented with 10% FCS (Complete medium, Hyclone Laboratories,
Inc., Logan, UT). The flask was tapped against a hard surface, and
nonadherent cells were collected. This procedure was repeated several
times and the resulting cells were expanded and frozen. Subculture of
this line termed C-26.IVX did not require trypsinization because the
cells were loosely adherent. Transfer of these cells between passages 3
and 12 (0.5 x 106 per mouse) reproducibly caused tumors and cancer
cachexia.

Cytokine assays. IL-6 was determined using IL-6-dependent B-9
cells as described (14). 1 Uof IL-6 was defined as the amount required
for half-maximal stimulation of cell proliferation in the assay. Addition
of anti-IL-6 monoclonal antibody completely abolished cell prolifera-
tion in this assay (data not shown). Total TNFwas determined in the
L929 bioassay as described (14) and an ELISA as described (15). The
lowest detectable level of murine TNF-a was 30 pg/ml in the bioassay
and 15 pg/ml in the ELISA.

Total IL-1 was determined by a radioreceptor assay as described
(14), using endotoxin-induced macrophage-conditioned medium and
human recombinant IL-1(I (gift from Dr. Y. Hirai, Otsuka, Japan) as
positive controls. The lowest detectable level of IL- I in this assay was
200 pg/ml.

Antibodies. Hybridoma MP5-20F3 producing rat IgG, anti-mouse
IL-6 antibody was a gift from Dr. John Abrams (DNAX Inc., Palo Alto,
CA). For in vivo studies, pharmaceutical grade antibody was produced
by in vitro cell culture in a perfusion system (Cell Pharm Bioreactor,
Unisyn Fibertec Corp., San Diego, CA). The antibody was purified to
> 98% on Prosep Protein A (Porton Products, Maidenhead, UK).
Monoclonal TN3.19.12 is a hamster anti-murine TNF antibody and
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Figure 1. Quantification of cachectic
markers produced by C-26.IVX line
when transplanted in vivo. 3-mo-old
(Balb/c X DBA/2)Fl male mice
were injected with C-26.IVX cells
(0.5 X 106 cells per mouse, s.c. in
the right flank). The cells were
maintained in culture and no tryp-
sinization was required because
these cells are loosely adherent. At
the indicated time points, animals
were killed, the tumor was excised,
and weights of the carcasses (a), epi-
didymal fat (b), and tumor mass (c)
were recorded. Each time point rep-
resent the mean±SDof four to five
tumor-bearing (e) or age-matched
control mice (o). *P values < 0.01.

was a gift from Dr. Robert Schreiber (Washington University, St.
Louis, MO). TN3.19.12 antibody was purified from culture superna-
tant by using protein A-agarose as described (15). Isotype control rat
IgG was obtained from Sigma Chemical Co.

Measurements of cachexia markers. Carcass weight was quantified
after bleeding by retroorbital plexus puncture (0.5 ml per mouse) and
the removal of the tumor. Serum was obtained by clotting of blood at
room temperature for 1 h. Dry weight (a marker for total muscle tissue)
was determined after 3 d of oven drying (85°C) of the carcass. Measure-
ments of serum glucose were performed using an Ektachem DT-60
analyzer (Eastman Kodak Co., Rochester, NY). Serum amyloid P
(SAP) was determined by rocket immunoelectrophoresis as described
(16) using rabbit anti-mouse SAPantiserum and SAPstandards (Cal-
biochem Behring Corp., San Diego, CA).

Statistical analysis. Differences in weight of tumor, body, carcass,
epididymal fat, gastrocnemius muscle, heart, and liver and glucose and
SAP levels were compared by using computerized analysis of variance

(ANOVA). Results throughout the article are expressed as mean±SD.

Results and Discussion

From colon-26 tumor, cell line C-26.IVX was derived by re-

peated removal of contaminating host adherent cells as de-
scribed in Methods. This new line grows well in tissue culture,
retains the transplantability of the original tumor, and induces
cachexia in syngeneic hosts. As shown in Fig. 1 this tumor line
is capable of inducing true cachexia, as significant carcass
weight has been lost in the early stages of tumor growth. Tu-
mor-bearing mice started losing weight ca. day 12 when tumor
weight was only - 0.7 g (- 3%of total body weight) and con-

tinued to lose weight until ca. day 21 when their weight was
- 10 g less than age- and sex-matched controls. The loss of

carcass weight during tumor growth was essentially the wasting
of muscle and adipose tissue. Significant wasting of epididymal
adipose tissue was observed - 15 d after tumor inoculation
and was almost entirely depleted by day 18 (Fig. 1). Several
physiological changes associated with cachexia were also moni-
tored. Hypoglycemia started ca. day 12, when body wasting
was still slight, and glucose levels fell to less than half of their
control levels by day 18 whereas the concentration of acute-
phase proteins in the blood, such as SAP, were significantly
elevated (Table I). A significant decrease in the weights of heart
and liver tissue as well as gastrocnemius muscle was observed
in C-26-bearing mice (Table I). It is unlikely that the rapid
wasting of body tissue in the mice bearing C-26.IVX cells was

due to anorexia, because food intake was not reduced while
they were losing weight. Thus, between days 11 to 18 postinoc-

ulation, the cumulative food intake of the C-26.IVX-bearing
mice (49 g) was similar to that of the non-tumor-bearing con-
trols (50 g). Diarrhea or other evidence of malabsorption were
not observed in C-26-bearing mice. In addition, piloerection
and asthenia were observed only in mice bearing C-26.IVX.
Taken together these observations suggest that the C-26.IVX-
bearing mouse is an appropriate model for cancer cachexia.

Next, we tested the production of possible mediators of
cachexia in this model. To our surprise, TNF-a and IL- 1 could
not be detected in either the conditioned medium of colon-26
tumor or in the C-26.IVX line. Furthermore, TNF-a was not
detectable in the serum of mice bearing the tumor while they
were developing progressive cachexia. Onthe other hand, high
levels of IL-6 could be identified in colon-26 tumor-condi-
tioned medium as well as in the serum of C-26.IVX-bearing
mice (Table II). IL-6 was detected in C-26.IVX tissue culture
supernatant, although at a level - 60-fold lower than in the
tumor. In further experiments we found that the tumor is con-
taminated with up to 6% of host-derived macrophages. The
interaction between tumor cells and host macrophages is re-
sponsible for the elevated IL-6 produced by the tumor (data not
shown).

When the C-26.IVX line was transplanted into mice, a
correlation between the magnitude of weight loss and the ap-
pearance of IL-6 in the circulation was found (Table II). To test
the possibility of IL-6 as a cachectic factor we attempted to
inhibit the action of IL-6 with neutralizing anti-murine IL-6

Table I. Summary of the Cachexia Markers Obtained
from an Experiment 18 d after Tumor Inoculation

Group

Control C-26.IVX
Parameter (n = 8) (n = 8)

Carcass wt (g) 23.3±1.4 16.9±0.9*
Tumor wt (g) - 1.3±0.2
Epididymal fat (mg) 370±15 25±10*
Dry wt (g) 8.6±0.8 5.3±0.4*
Glucose (mg/dl) 140±15 70±18*
SAP(,g/ml) 20±3 871±25*
Gastrocnemius (mg) 185±10 85±21*
Heart wt (mg) 115±6 94±4*
Liver wt (g) 1.07±006 0.88±0.05*

There were eight mice per group in this experiment. * Pvalues < 0.01.
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Table II. Cytokine Profile of Colon-26 Tumor

C-26.IVX-bearing mice

C-26. C-26.IVX Control
Cytokine tumor line 9 12 15 18 mice

U/mi

IL-6 1900±100* 40±15 10±5 75±10 270±17 570±40 10±5
TNF ND ND ND ND ND ND ND
IL-1 ND ND NT NT NT NT NT

Conditioned medium was obtained by incubation of single-cell sus-
pension of C-26 tumor (5 x 107 cells) derived by enzymatic degrada-
tion with collagenase (250 ,g/ml) and DNAse (1 ug/ml) or by cultur-
ing C-26.IVX cell line (5 X 107 cells) in RPMI-1640 for 24 h. The
medium was centrifuged and concentrated - 20-fold and cytokine
levels were determined as described in Methods. Results of three
separate experiments are shown. Abbreviations: ND, not detected
(below sensitivity level); NT, not tested. * Data is given ±SD.

monoclonal antibody, and were able to demonstrate that inhi-
bition of IL-6 activity abolished the C-26.IVX induced ca-
chexia.

MP5-20F3 is a rat IgG, anti-mouse IL-6 neutralizing mono-
clonal antibody which is a potent and specific antagonist of
mouse IL-6 bioactivity (17). Anti-IL-6 pretreatment of mice
subsequently challenged with lethal doses of Escherichia coli
infection protects mice from death (17). Monoclonal
TN3. 19.12 is a hamster anti-murine TNFantibody that reacts
with both TNF-a and TNF-3 and has been shown to neutralize
TNF activities in vivo (15, 18), and at the amounts used here

the antibody completely blocked LPS-induced hypertrygliceri-
demia (not shown).

Age-matched mice were randomized to receive an injection
of 0.5 x 106 C-26.IVX cells. On days 6 and 12 after tumor
inoculation, mice received either PBSor monoclonal antibody
against murine IL-6 (1 mg/mouse per injection) or monoclonal
anti-murine TNF neutralizing antibody (0.5 mg/mouse per
injection). Animals were killed on day 16. As shown in Table
III, experiment 1, anti-IL-6 but not anti-TNF antibody was
able to significantly suppress the development of cachexia as is
evident from comparison of body compositional analysis.
Whereas carcass weight and epididymal fat was significantly
increased by anti-IL-6 treatment, tumor weight was not
changed, indicating that this treatment affected the host di-
rectly. Daily measurements of total weight (from day 12 to day
16), did not reveal any difference between C-26-bearing mice
treated with anti-IL-6 monoclonal antibody and age-matched
controls (data not shown).

Moreover, in a separate experiment also depicted in Table
III, the reversal of various metabolic parameters of cachexia by
anti-IL-6 antibodies parallel the reduction in the level of IL-6
in the serum of treated mice. No such effect could be seen in
tumor-bearing mice treated with a nonrelevant rat IgG anti-
body. In addition, after the primary tumor was resected on day
15, the mice gained weight, piloerection and asthenia disap-
peared, and IL-6 levels in the serum were reduced significantly
within 5 d (Table IV). In conclusion, three lines of evidence
support the role of IL-6 as an important cachectic factor in the
development of cancer cachexia: (a) measurable circulatory
levels of IL-6 can be identified in colon-26-bearing mice; (b) the
serum level of IL-6 correlates with the degree of cachexia;

Table III. Reversal of C-26.IVX-induced Cachexia by Anti-IL-6 but Not by Anti-TNF Antibody

Parameter Group 1 (n = 5) Group 2 (n = 6) Group 3 (n = 6) P value Group 4 (n = 6)

Experiment 1
Tumor inoculation C-26.IVX C-26.IVX C-26.IVX
Injection PBS anti-TNF anti-IL-6 - PBS
Total wt (g) 19.6±0.4 20.3±0.4 23.2±0.9 0.0005 25.9±0.7
Carcass wt (g) 16.7±0.4 16.8±0.3 19.7±0.6 0.0004 23.3±0.6
Tumor wt (g) 0.92±0.1 1.07±0.2 0.88±0.13 N.S. -
Dry wt (g) 5.6±0.2 5.6±0.5 6.8±0.3 0.006 8.9±0.3
Epididymal fat (mg) 49±9 54±28 142±35 0.002 292±67

Experiment 2
Tumor inoculation C-26.IVX C-26.IVX C-26.IVX
Injection PBS rat IgG anti-IL-6 - PBS
Total wt (g) 21.6±1.6 22.1±1.9 26.0±1.7 0.004 27.3±1.2
Carcass wt (g) 19.3±1.5 19.8±1.8 23.9±1.6 0.002 25.7±1.1
Tumor wt (g) 1.3±0.1 1.4±0.2 1.2±0.1 N.S.
Dry wt (g) 5.9±0.4 6.3±0.5 9.2±0.6 0.003 10.3±0.3
Epididymal fat (mg) 55±15 62±35 190±75 0.003 301±58
Serum glucose (mg/dl) 39±14 43±19 82±9 0.0005 131±6
Serum IL-6 (U/ml) 233±47 256±28 76±9 0.0001 15±3
SAP (jtg/ml) 1080±50 1200±110 310±20 0.0003 20±3

Tumor-bearing mice were randomized to receive intraperitoneally PBSor MP5-20F3 (1 mg/0.5 ml per mouse), or TN3.19.12 (0.5 mg/0.5 ml per
mouse), or purified rat IgG (1 mg/0.5 ml per mouse), respectively. In experiment 1 treatment was given on days 6 and 12 post-C-26.IVX cell
inoculation (as described in Fig. 1), and animals were killed on day 16, whereas in experiment 2 the various treatments were administered on
days 7 and 13 after inoculation of C-26.IVX cells, and animals were killed on day 17. Cachectic markers were quantified as described in
Methods. P values for statistical significance of the results obtained in group 3 vs. groups 1 and 2 are given. No statistical difference of total
weight, carcass weight, and dry weight between groups 3 and 4 in experiment 2 could be observed.
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Table IV. C-26.IVX-mediated Cachexia Is Reversible

Host wt at IL-6 in serum at Host wt 3 d Host wt 5 d IL-6 in serum 5 d
Group operation Tumor wt operation post-resection post-resection post-resection

g g U/mi g g U/mi

Tumor-bearing (n = 7) 20.7±0.7 1.2±0.12 190±20 24.9±0.7* 25.9±0.6* 44±7
Control (n = 7) 26.3±1.3* 10±3 26.6±1.2 26.9±1.1 12±3

Mice were inoculated with C-26.IVX cells as described in the legend to Fig. 1. On day 15 mice were anesthetized and the entire tumor mass was
resected. Age-matched control mice received a sham operation. Weight of animals was monitored daily. Serum IL-6 levels were determined as
described in Methods. * P = 0.005. * NS.

(c) inhibition of the action of IL-6 abolishes key parameters of
cachexia including muscle and fat wasting, hypoglycemia, and
hepatic acute-phase response.

The integral role of IL-6 in stimulating hepatic acute-phase
response (1 9), which is frequently seen in cancer patients (20),
the fact that elevated levels of IL-6 circulate in the serum of
tumor-bearing mice (21), and the recent report on the decrease
in body weight of nude mice given IL-6-transfected Chinese
hamster ovary cells (22) corroborate the data presented here in
supporting a major role for IL-6 in clinical cancer cachexia. In
addition, alterations in lipid metabolism resulting in depletion
of host body fat is believed to involve the suppression of the
enzyme lipoprotein lipase and appears to be a hallmark of clin-
ical cancer cachexia (2). Several cytokines including TNF, IL-
1, and IL-6 have been implicated as participants in cachexia
because they mediate hepatic lipogenesis and inhibit lipopro-
tein lipase activity (2, 23, 24). TNFdoes not appear to play a
central role in C-26-induced cachexia. However, TNFhas been
shown to participate in weight loss associated with anorexia
(25). Because C-26-bearing mice are not anorectic, the fact that
TNFseems not to be involved is not surprising. Recently, treat-
ment of tumor-bearing rats with antibody against IFN-'y but
not with antibody against TNFwas shown to partially reverse
some cachectic changes associated with cancer (26). Because
IL- 1, TNF, and IFN-'y are known to stimulate or to serve as a
cosignal for IL-6 production (19, 27) and because IL-6 also
mediates some of the actions of TNFand IL- 1 in vivo (21), it is
possible that IL-6 is a commonmediator involved in cachectic
events in many, if not all, experimental cachexia models.
Whether IL-6 is a mediator common to all clinical cancer ca-
chexia or just to certain types of cancer remains to be estab-
lished. Furthermore, our work suggests that specific strategies
to attempt to remove or neutralize IL-6 activity in cancer pa-
tients will likely improve antitumor treatment.
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