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ORIGINAL ARTICLE

The Effect of Altered Toll-like Receptor 4
Signaling on Cancer Cachexia
Trinitia Y. Cannon, MD; Denis Guttridge, PhD; Jason Dahlman, BS; Jonathan R. George, BA, MS;
Victor Lai, MD; Carol Shores, MD, PhD; Petra Bůžková, PhD; Marion E. Couch, MD, PhD

Objective: To determine whether mice unable to mount
an intact inflammatory response because of a Toll-like
receptor (TLR) pathway defect will develop less severe
cancer cachexia.

Design: Prospective animal study.

Setting: Academic research center.

Subjects: Six- to eight-week-old, female C3H/HeJ mice
(17-18 g) and age-, weight-, and sex-matched wild-type
C3H/HeNmice,differinginthat theHeJmicehavenonfunc-
tional TLR4 due to a TLR4 double mutation (TLR4d/d).

Intervention: The mice were inoculated with equal num-
bers of SCCF-VII cells and housed in individual cages.

Main Outcome Measures: Food intake, body weight,
pretumor and posttumor body composition, circulating
cytokines, and levels of a marker of muscle atrophy were
analyzed.

Results: The wild-type HeN mice weighed less on av-
erage than the TLR4d/d mice (2.6 g vs 4.9 g) (P=.01). They
consumed more food, had smaller tumors, and had less
lean body mass and fat mass than the TLR4d/d mice. In-
terleukin 1� level was significantly elevated in the tumor-
bearing HeN mice (mean gain of 259 pg/mL) but not in
the TLR4d/d mice (P=.03). Both mouse strains had evi-
dence of muscle atrophy.

Conclusions: In spite of increased food intake and smaller
tumors, the wild-type HeN mice had more severe ca-
chexia than the TLR4d/d mice. The impaired ability to
secrete proinflammatory cytokines such as interleukin
1� may protect these animals from developing severe can-
cer cachexia. This animal model represents a novel sys-
tem in which the host contributions to cachexia may be
further studied.

ArchOtolaryngolHeadNeckSurg.2007;133(12):1263-1269

C ANCER CACHEXIA IS A

wasting syndrome that
develops in the setting of
advanced malignancy in-
cluding squamous cell

carcinoma of the head and neck. It re-
sults in reduced quality of life, decreased
survival, and increased complications from
treatment.1 Cachexia will be the main
cause of death in approximately 20% to
30% of all patients with cancer.2 Clini-
cally, cachexia manifests as uninten-
tional weight loss, marked asthenia, sar-
copenia, and anemia. Cachexia differs from
starvation in that it is not reversible by in-
creased nutritional intake, involves pref-
erential loss of lean body mass rather than
only fat mass, and is characterized by a
chronic inflammatory state.3 Mounting evi-
dence from animal models suggests a com-
pelling link between activation of the in-
flammatory pathway and the development
of cachexia.4 In addition to tumor-
derived catabolic factors, humoral activa-

tors of the inflammatory cascade have been
proposed as mediators of cancer ca-
chexia.5 Interleukin 1� (IL-1�) and inter-
leukin 6 (IL-6) are 2 proinflammatory cy-
tokines that have been shown to stimulate
the loss of lean body mass seen in experi-
mental models of cancer cachexia.1,3 In-
terleukin 1� is necessary for the induc-
tion of IL-6–mediated cachexia in the
colon-26 (C26) model, in which it also ap-
pears to contribute to the initiation of ca-
chexia at the level of the tumor.6 Intratu-
moral injection of IL-1 receptor antagonist
considerably attenuates weight loss and
loss of lean body mass and fat mass.6

Both sterile and infectious inflamma-
tion may be mediated by a common path-
way involving similar proinflammatory
cytokines.7 The Toll-like receptor (TLR)
system is potentially one such pathway.
Toll-like receptors are a family of innate
cellularpathogen-recognitionreceptorsthat
are present on many cell types including
macrophages, dendritic cells, T and B cells,

Author Affiliations are listed at
the end of this article.
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tumor cells, and muscle cells.8 The classic ligand for TLR4
is lipopolysaccharide (LPS), commonly seen on gram-
negative bacterium, but TLR4 is now known to recognize
other endogenous ligands such as fibrinogen, heat-shock
proteins, andpolysaccharide fragmentsofheparinsulfate.9

Signaling through the TLR pathway not only results in ac-
tivation of antigen-specific immunity but also leads to the
production of the same cytokine mediators involved in in-
fectious inflammation such as sepsis.10 Indeed, activation
of the TLR4 receptor system by LPS elaborates the same
proinflammatory cytokines that are known to mediate in-
flammation in cancer cachexia. One cytokine, IL-1�, is ca-
pable of stimulating physiologic and muscle protein wast-
ing in experimental models of cancer cachexia.6 Skeletal
muscles, which express TLR2 and TLR4, respond to LPS
by initiating an immune response that includes IL-1, IL-
6, and tumor necrosis factor � (TNF-�).11,12 However, the
ability of LPS to stimulate cytokine production, includ-
ing in the serum and skeletal muscle, was markedly de-
creased in mice with a mutation in TLR4.11 Increased lev-
elsof serumproinflammatorycytokinesareassociatedwith
decreased muscle synthesis and loss of lean body mass in
many wasting conditions.12 Therefore, we reasoned that
mice with defective TLR4 signaling pathway would have
lessproinflammatorycytokineproductionandmusclewast-
ing if cancer cachexia was mediated by this innate immune
system.

C3H/HeJ mice have a mutation in a single gene on chro-
mosome 4, lps, which leaves the macrophages unable to
respond to LPS and produce cytokines.13,14 Mice with this
mutation in the TLR4 system (TLR4d/d C3H/HeJ) expe-
rience impaired release of IL-1� and do not develop the
characteristic inflammation-induced wasting usually seen
in response to LPS challenge.15-18 Therefore, this strain
of mice may represent an important model for the study
of host cytokine contribution to the pathogenesis of can-
cer cachexia. In addition, host contribution to cancer ca-
chexia may be studied in this model because mice with
an impaired TLR4 signaling pathway appear to have dif-
ferent cytokine profiles than the cogenic HeN mice with
intact TLR signaling. Our hypothesis was that TLR4d/d

mice, with a defective TLR4 cytoplasmic domain, will have
less severe cancer cachexia. In the present study, we com-
pared the host response to tumor challenge using the
SCCF-VII tumor cell line in both HeN (wild-type) mice
and TLR4d/d C3H/HeJ mice.

METHODS

TUMOR CELL LINES

The SCCF cell line is a spontaneously arising squamous cell
carcinoma that forms a measurable tumor after being injected
into immunocompetent syngeneic mice. Cultured cells were
propagated in tissue culture flasks at 37°C, with 5% carbon di-
oxide in RPMI (Roswell Park Memorial Institute) 1640 me-
dium supplemented with 10% fetal bovine serum, 1% penicillin–
streptomycin sulfate, and 1% sodium glutamate. The SCCF cells
were grown in culture to 80% confluence. On the day of tu-
mor injection, cells were harvested using a short trypsin treat-
ment (0.25% trypsin with 1.0-mmol/L EDTA) and then washed
twice and resuspended in phosphate-buffered saline.

ANIMAL MODEL

Six- to eight-week-old, female TLR4d/d C3H/HeJ mice (17-18
g) were purchased from Jackson Laboratories, Bar Harbor, Maine.
Age-, weight-, and sex-matched C3H/HeN mice were pur-
chased from Charles River Laboratories, Inc (Wilmington, Mas-
sachusetts). The animals were housed individually in steril-
ized plastic cages in a temperature-controlled room with a 12-
hour dark-light cycle and were fed a defined AIN-93M diet
(Granville Milling, Creedmoor, North Carolina) and received
tap water ad libitum.

On day 0, the mice in each group received bilateral subcu-
taneous injections of the SCCF cells (1�105 cells/100 µL). Food
intake, body weight, and tumor size were measured every 1 to
2 days. On day 23, all mice were humanely killed and serum
was drawn. Gastrocnemius and quadriceps muscle, tumor, and
epididymal fat were excised. Then, all tumors were excised and
final tumor weight was measured. Serum and tissues were snap
frozen in liquid nitrogen and stored at −80°C. Final body weight
was calculated by subtracting tumor weight from total body
weight (weight of mice with tumors intact). All animal proce-
dures were approved by the Institutional Animal Care and Use
Committee (IACUC) of the University of North Carolina at
Chapel Hill. Mice were allowed to grow tumors for 23 days or
when the tumor burden had reached the accepted limit set by
the Department of Laboratory Medicine and the IACUC. The
animals were then humanely killed.

ASSESSMENT OF FOOD INTAKE,
BODY WEIGHT, AND TUMOR SIZE

The animals were individually housed for accurate measure-
ment of food consumption. The amount of ingested food was
measured in all cages every 2 days by taking the daily weights
(grams) of food. Mean daily food intake and cumulative in-
take were determined for each group of mice. Body weight and
the length (A) and width (B) of the tumors were measured ev-
ery 2 to 4 days. Tumor growth was assessed using calipers in 2
dimensions. The mean orthogonal diameter of the tumor was
determined using the following formula: mean diameter=
(A�B)/2. The gross size of the tumors was determined after
harvesting the tumors at the completion of the study.

BODY COMPOSITION ANALYSIS

Prior to tumor injection, all animals underwent body compo-
sition analysis using a Lunar PIXImus densitometer 2.00 (soft-
ware version 1.42.006.010; Lunar Corp, Madison, Wiscon-
sin). The densitometer uses dual-energy x-ray absorptiometry
to provide precise measures of fat mass, bone-free lean body
mass, and total bone mineral density.19 The analysis was re-
peated on day 23 in live animals, prior to killing. Pretumor and
posttumor results were compared in both groups.

SERUM CYTOKINE AND CHEMOKINE ASSAYS

Cytokine and chemokine analysis was determined using Bio-
plex Protein Array system (BioRad, Hercules, California), a novel
multiplexed, particle-based, flow cytometric assay that uses anti-
cytokine monoclonal antibodies linked to microspheres incor-
porating distinct proportions of 2 fluorescent dyes. Our assay
was customized to detect and quantify 18 cytokines and che-
mokines, including IL-1�, IL-1�, IL-6,TNF-�, and inter-
feron-�, among others. For each cytokine, 8 standards ranged
from 2 to 32 000 pg/mL, and the minimum detectable dose was
lower than 10 pg/mL. Prior to tumor inoculation and at the
completion of the experiment, approximately 200 µL of blood
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was collected from each mouse. Serum was harvested after the
clotting of blood at room temperature for 1 hour and kept fro-
zen (−80°C) until analysis. Pretumor and posttumor implan-
tation cytokine levels were compared.

UBIQUITIN LIGASE EXPRESSION IN MUSCLES

On postimplantation day 23, the mice were humanely killed,
and hind leg quadriceps and gastrocnemius muscles were rap-
idly dissected and snap-frozen in liquid nitrogen. Gastrocne-
mius and quadriceps muscles from tumor-bearing C3H/HeJ and
C3H/HeN mice were homogenized. To confirm the presence
of muscle atrophy, isolated muscle tissue was analyzed for the
E3 ubiquitin ligase muscle ring finger 1 (MuRF1) using North-
ern blot analysis as previously described.20 Expression of MuRF1
was quantified by phosphoimaging and compared with the ex-
pression of glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), a housekeeping gene.

DATA ANALYSIS

All quantitative data are represented as mean±SE, with 95%
confidence intervals (CIs) when appropriate. An unparied
t test allowing for unequal variance was used to compare
group means. The reported P values, including those for cyto-
kine analysis, are not corrected for multiple comparisons.
Because of small sample sizes (5 mice per group), statistical
testing results (P values) should be interpreted with care and
analysis should be considered mainly as exploratory rather
than inferential.

RESULTS

INCREASED FOOD INTAKE AND WEIGHT LOSS
IN TUMOR-BEARING WILD-TYPE MICE

When equal numbers of SCCF cells were injected into
the flanks of both strains of mice, the wild-type HeN mice

weighed less than the TLR4d/d mice, even after tumor size
was subtracted. The mean±SE weight gain in the HeN
mice was 2.6±0.3 g (minus tumor), while the TLR4d/d

mice gained 4.9 ± 0.5 g (minus tumor) (P = .006)
(Figure 1A). Beginning 1 week after tumor injection,
the HeN mice stopped gaining weight. Despite the weight
gain due to large tumors growing on the flanks, the wild-
type mice started to lose weight beginning postinjection
day 10 and had a significantly smaller change in body
weight (15.7%±1.9%) compared with the TLR4d/d mice
(27.6%±2.7%) (P=.01) (Figure 1B). The wild-type HeN
mice without tumors usually have a mean±SE weight gain
of 27%±7%, while the C3H/HeJ (TLR4d/d) mice without
tumors have a weight gain of 18%±5% over the time
course of these experiments. This suggests that the TLR4d/d

strain of mice is less useful as a model for cancer ca-
chexia because they do not exhibit the weight loss typi-
cally seen by the tumor-bearing C3H/HeN mice
(Table 1).

The differences in body weight could not be attrib-
uted to anorexia or differences in food intake between
the groups. The wild-type HeN mice consumed more
food at every time point and had a mean±SE cumula-
tive food intake of 102.5±5.8 g, while the TLR4d/d mice
consumed 76.4±0.9 g (P= .002) (Figure 2A). In a
separate experiment, HeN mice with and without
tumors had their daily food intake monitored to rule
out anorexia as a cause of the weight loss. The tumor-
bearing mice consumed as much food as the controls
(Figure 2B).

LESS TUMOR GROWTH
IN WILD-TYPE MICE

The SCCF cell line is highly aggressive, with the forma-
tion of palpable tumors in mice by day 7 when injected in
the flanks. Because of its reproducible rapid growth, tu-
mors become so bulky that mice usually need to be killed

2.60

HeN

4.92

HeJ
Mouse Strain

6.00

4.00

5.00

3.00

2.00

1.00

0.00

W
ei

gh
t, 

M
ea

n ±
 S

E,
 g

A

HeJ HeN
Control Mice

(Growth for 23 Days)

40

30

35

25

20

15

10

5

0
Gr

ow
th

, %

B

Figure 1. Effect of tumor growth on body weight. A, Mean±SE weight gained
in wild-type C3H/HeN (HeN) and TLR4d/d C3H/HeJ (HeJ) mice measured 23
days after bilateral subcutaneous injections of 1�105 SCCF-VII cells/100 µL.
Weight gain=final body weight (after tumor removal)− initial body weight.
The HeN mice gained significantly less weight (2.6±0.3 g [minus tumor])
than the HeJ mice (4.9±0.5 g [minus tumor]) (P=.01), and the weight gain
occurred early in the experiment. Mice were individually housed to monitor
food consumption. B, Comparison of the change in body weight between the
HeN and HeJ mice (n=5 for each group) during 23 days (no tumors). In this
separate experiment, body weight was measured every 2 days.

Table 1. Food Intake, Body Weight,
and Body Composition Analysesa

Variable

C3H/HeN Mice
With Tumor

(n = 5)

C3H/HeJ (TLR4d/d)
Mice With Tumor

(n = 5)

Total food intake, g 102.5 ± 5.8 76 ± 0.9b

Body weight
Initial, g 16.4 ± 0.2 17.8 ± 0.2
Final, g 19.0 ± 0.2 22.7 ± 0.6
Weight change, % 15.7 ± 1.9 27.6 ± 2.7c

Body composition, %
Change in lean body mass 3.9 ± 0.6 8.4 ± 0.8d

Change in fat mass 0.5 ± 0.1 1.2 ± 0.2e

Clinical cachexiaf �� �

Abbreviations: ��, significant clinical cachexia; �, less severe clinical
signs.

aData are given as mean ± SE value.
bP = .002.
cP = .01.
dP = .004.
eP = .02.
fClinical cachexia is defined as muscle wasting, weight loss, and lethargy.
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by day 20 to 23. There was a significant difference in tu-
mor size when measuring the mean tumor volume be-
tween mice with an intact TLR-4 pathway (C3H/HeN) and
the TLR4d/d strain (Figure 3). The wild-type HeN mice
had significantly smaller tumors, with a final mean±SE tu-
mor volume of 1.35±0.3 cm2 compared with TLR4d/d mice
that had tumor volumes of 3.04±0.7 cm2 (P=.05).

LESS LEAN BODY AND FAT MASS
IN WILD-TYPE MICE

To determine whether the weight loss experienced by the
mice was due to cachexia, each group of mice under-
went pretumor and posttumor body composition analy-
sis to examine the effect of SCCF tumor growth on lean
body and fat mass. Body composition analysis revealed
that tumor growth resulted in less lean body and fat mass
in the wild-type mice than in the TLR4d/d mice (Figure4).
The wild-type HeN mice had a mean±SE percentage
change in lean body mass of 27.5%±4.7%, while the
TLR4d/d mice had a 56.5%±6.3% lean body mass change
(P=.004). The percentage change in fat mass was also
less in the HeN mice compared with the TLR4d/d mice,

17.8%±3.9% vs 34.6%±7.3% (P=.02). Figure 4 summa-
rizes the results for the 2 groups of mice.

DIFFERENT CYTOKINE PROFILES
IN THE 2 STRAINS OF MICE

There is evidence that activation of TLR4 system leads
to the expression of some of the same proinflammatory
cytokines involved in the production of cachexia. Cyto-
kine production was therefore examined in the 2 co-
genic strains of mice bearing the same tumor type and
was compared to see whether there were differences in
the host’s ability to mount an inflammatory response. Of
the 18 serum cytokine and chemokines analyzed, IL-1�
was found to be significantly elevated in tumor-bearing
HeN mice compared with the tumor-bearing TLR4d/d mice
(P=.03) (Table 2 and Figure 5). Tumor necrosis fac-
tor � decreased in both strains of tumor-bearing mice
(−242 vs −5053) (P=.34). Interferon-� decreased in both
strains as well (−1 vs −11) (P=.56).

MUSCLE WASTING
IN BOTH STRAINS OF MICE

The E3 ubiquitin ligase MuRF1 targets proteins for deg-
radation in the ubiquitin-proteosome system. Muscles un-
dergoing protein degradation have elevated levels. When
hind leg quadriceps muscles were analyzed for MuRF1,
both strains of mice had evidence of muscle atrophy when
compared with the control mice without tumors
(Figure 6). The same regulation was seen with gastroc-
nemius muscles (data not shown).

COMMENT

The genetic predisposition of the host to mount an in-
flammatory response may determine the magnitude of
cancer cachexia. Animal studies suggest that cytokine ac-
tivation plays a central role in the genesis of fat and muscle
catabolism seen in cachexia.4 In addition, tumor-
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Figure 3. Smaller tumor volume in wild-type C3H/HeN (HeN) mice.
Wild-type HeN and TLR4d/d C3H/HeJ (HeJ) mice (n=5 per group) were
injected with equal numbers of SCCF-VII cells. Tumors were measured in 2
dimensions with microcalipers every 2 days, and final tumor volume after 21
days was compared. *P=.05.
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Figure 2. Increased daily and cumulative food intake. Wild-type C3H/HeN
(HeN) mice and TLR4d/d C3H/HeJ (HeJ) mice were individually housed for
accurate measurement of food intake. Food was weighed every 2 days
following tumor challenge. A, The HeN mice consumed more food per day
and had a significantly higher cumulative food intake (102.5±5.8 g vs
76.4±0.9 g) (P=.002). B, Control and tumor-bearing HeN mice consume the
same amount of food (86.2±0.9 g vs 88.1±4.6 g).
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derived mediators such as proteolysis-inducing factor and
lipid-mobilizing factor serve as a stimulus for proinflam-
matory cytokine production and contribute to the de-
velopment cachexia. Because LPS activation of the TLR4
pathway results in the production of the same inflam-
matory cytokines seen in cachexia, we hypothesized that
the ability to activate the TLR pathway would lead to pro-
duction of inflammatory mediators that may exacerbate
cancer cachexia. Skeletal muscles express TLR4 and are
known to mount an inflammatory response to LPS, with
dose-dependent increases in muscle messenger RNA
(mRNA) levels of IL-1� and other cytokines.11,12 Be-
cause cachexia is thought to be mediated by many of the
same proinflammatory cytokines, it follows that TLR4d/d

mice would develop less severe cancer cachexia.
In the present study, we demonstrate that TLR4d/d mice

have evidence of muscle wasting but the cachexia was
less severe than in their TLR4-intact counterparts. The
wild-type mice had less fat and lean body mass, result-
ing in a significant difference in weight. This was also
associated with a molecular marker of muscle atrophy,
the up-regulation of the E3 ligase MuRF1, and elevated
IL-1� levels.

To design effective therapeutic strategies to combat
cachexia, a better understanding of the role of cyto-
kines, both host and tumor derived, is essential. As such,
we believe that C3H/HeN and C3H/HeJ (TLR4d/d) mice
could serve as a model system to study altered host cyto-
kine production. We tested the serum of wild-type and
mutant mice for the presence of 18 cytokines and che-
mokines before and after tumor challenge. None of the
TLR4d/d mice exhibited a significant intact inflamma-
tory response after tumor challenge, which is consistent
with results seen in experimental systems investigating
the response to LPS-induced sepsis.11 The fact that these
mice did not exhibit cachexia that was as severe sup-
ports the hypothesis that cytokine activation is impor-
tant in the pathogenesis of cachexia.

To our knowledge, this model, HeN mice with SCCF
tumor cells, is the first immunocompetent model of head
and neck cancer cachexia. Previous work demonstrated
that the SCCF tumor cells overexpress lipid-mobilizing
factor, and this is associated with decreased fat mass in
the tumor-bearing HeN mice.21 The addition of the co-
genic C3H/HeJ (TLR4d/d) strain creates a novel system
in which the host contributions to cachexia may be fur-
ther studied. For instance, the role of TLR4 could be elu-
cidated in this system, along with other downstream me-
diators of the TLR system, including nuclear factor-�B.

Several mechanisms have been proposed for the patho-
genesis of wasting seen in cachexia, including the inap-
propriate production and release of cytokines, with or with-
out activation of nuclear factor-�B. Nuclear factor-�B is a
transcription factor that is activated by TNF-�, which re-
portedly inhibits skeletal muscle differentiation by sup-
pressing myosin-D messenger RNA and protein. Reduced
myosin-D expression impairs the repair of skeletal muscles,
reducing lean body mass.22 Toll-like receptor 4 also in-
duces activation of signaling molecules such as nuclear fac-
tor-�B.23 Because TLR4 is expressed on skeletal muscle cells
and activation of TLR4 results in the activation of the same
pathways seen in cytokine-induced protein degradation,

we hypothesized that mice with intact TLR4 pathways
would have more tumor-induced muscle wasting. Follow-
ing tumor challenge, wild-type HeN mice exhibited the clas-
sic body composition changes seen in cachexia. Previous
work demonstrated that hind leg weights are lower in wild-
type mice with tumors than in control mice.21 Body com-
position analysis confirmed that wild-type mice exhibited
less lean body and fat mass compared with TLR4d/d mice.
This was manifested as a significant difference in weight
despite increased food consumption.

Although we have provided preliminary evidence that
TLR4 may be a key determinant of the severity of tumor-
induced cachexia, more research is needed to determine
the exact mechanism by which this pathway contributes
to tumor-associated inflammation and wasting. It is pos-
sible that IL-1� mediates muscle wasting through the in-
hibition of protein synthesis and the not the proteasome
pathway because both strains of mice had up-regulation
of MuRF1, yet the TLR4d/d mice had more lean body mass.
In addition, the matched TLR4d/d mice had significantly
larger tumors, which merits further investigation. This may
demonstrate that targeted therapies for cancer cachexia may
not necessarily be sound anticancer therapies. Therefore,
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Figure 4. Comparison of lean body mass and fat mass in mice with tumors.
A, An example of the body composition analysis results obtained using the
Lunar PIXImus Densitometer 2.00 (software version 1.42.006.010; Lunar
Corp, Madison, Wisconsin). BMC indicates bone mineral content; BMD, bone
mineral density; and ROI, region of interest. B, Comparison of the percentage
change in lean body mass in wild-type C3H/HeN (HeN) and TLR4d/d C3H/HeJ
(HeJ) mice. C, Comparison of percentage change in fat mass between
HeN and HeJ mice after tumor challenge. Mice in each group underwent
pretumor and posttumor body composition analysis. Percentage
change=[(final %−initial %)�100−100]. For both lean body mass and
fat mass, the changes are significant (P� .001).
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careful studies of TLR antagonists and antiinflammatory
agents will have to be performed.

In conclusion, in spite of increased food intake and
smaller tumors, the mice with an intact TLR4 signaling
pathway experienced more severe cachexia than the mice
with deficient signaling. This was evidenced by lower body
weights, less lean body mass and fat mass, and clinical
evidence of wasting compared with the age- and weight-
matched TLR4d/d mice. These results are more striking
because wild-type mice without tumors tend to gain
slightly more weight than the TLR4d/d mice. Interleukin
1� appears to be an important mediator of cachexia in
this model. Since the mice are cogenic except for this

double mutation in TLR4 pathway signaling and are in-
oculated with the same number of identical tumor cells,
the impaired ability to secrete proinflammatory cyto-
kines such as IL-1� may protect these animals from de-

Table 2. Comparison of Pretumor and Posttumor Serum Cytokine and Chemokine Analysesa

Cytokine
C3H/HeN Mice, Mean

(Posttumor − Pretumor Level)
C3H/HeJ Mice, Mean

(Posttumor − Pretumor Level)
Mean (95% CI) Difference

of C3H/HeN − C3H/HeJ Levels P Value

IL-1� 259 −100 359 (50 to 668) .03
IFN-� −1 −11 10 (−30 to 51) .56
IL-6 27 −112 139 (−198 to 477) .33
TNF-� −242 −5053 4811 (−7517 to 17138) .34
IL-1� −76 −224 148 (−204 to 501) .32
IL-2 7 −12 18 (−1 to 37) .06
IL-4 0 −1 1 (−1 to 2) .22
IL-5 −3 −4 1 (−4 to 7) .61
IL-10 89 −3 92 (−194 to 379) .41
GM-CSF 5 −3 8 (−16 to 30) .42
IL-3 −2 −1 −1 (−8 to 5) .60
IL-12 (p40) 44 193 −148 (−937 to 641) .65
IL-12 (p70) 70 −83 153 (−171 to 478) .29
IL-17 129 −160 289 (−253 to 832) .24
G-CSF 11 147 −136 (−544 to 271) .45
KC 98 230 −132 (−413 to 150) .31
MIP-1� 20 −15 35 (−4 to 74) .07
RANTES 143 233 −90 (−294 to 114) .32

Abbreviations: CI, confidence interval; GM-CSF, granulocyte macrophage colony-stimulating factor; G-CSF, granulocyte colony-stimulating factor;
IFN-�, interferon �; IL, interleukin; TNF-�, tumor necrosis factor �; KC, mouse chemokine N51; MIP-1�, macrophage inflammatory protein 1�;
RANTES, regulated on activation, normal T expressed and secreted.

aUnless otherwise indicated, results are expressed as picogram per milliliter concentrations of the differences between the pretumor and posttumor levels.
Serum collected from wild-type C3H/HeN and TLR4d/d C3H/HeJ mice was analyzed for 18 different cytokines using the Bioplex protein array system
(Biorad, Hercules, California). Only IL-1� was found to be significantly elevated following tumor challenge.
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Figure 5. Comparison of interleukin 1� (IL-1�) levels in wild-type C3H/HeN
(HeN) and TLR4d/d C3H/HeJ (HeJ) mice. Both strains of mice had the same
mean levels of circulating IL-1� before the tumor cells were inoculated, and
IL-1� level was increased only in the wild-type mice after tumors were
present (P=.03).
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veloping more severe cancer cachexia. This animal model
represents a novel system in which host contributions
to cachexia may be further studied.

Submitted for Publication: October 27, 2006; final revi-
sion received March 23, 2007; accepted April 18, 2007.
Author Affiliations: Department of Otolaryngology–
Head & Neck Surgery and The Lineberger Comprehen-
sive Cancer Center (Drs Cannon, Shores, and Couch) and
the Doris Duke Research Fellowship Program, General
Clinical Research Center (Mr George and Dr Lai), School
of Medicine, and Department of Biostatistics, School of
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