
Phenotypic and molecular characterization of cachexia in experimental high-grade serous ovarian cancer

Caleb J. Gammon1, Patrick D. Livingston1, Natalia M. Weinzierl1, Esehoi Ehimiaghe1,2, Nicholas A. Jamnick1, Stehpanie M. Wang1,2, Elizabeth R. Woodruff2, Leah J. Novinger1,3, Benjamin G. Bitler2,3, Andrea Bonetto1,3

1Department of Pathology, 2Department of Obstetrics & Gynecology, Division of Reproductive Sciences, 3Comprehensive Cancer Center, University of Colorado Anschutz Medical Campus, Aurora, CO (USA)

Contacts: caleb.gammon@cuanschutz.edu; andrea.bonetto@cuanschutz.edu

Methods
We performed a retrospective study of patients with epithelial ovarian cancer who underwent cytoreductive surgery 
at the University of Colorado between 2014-2024.  We determined the prevalence of ovarian cancer cachexia at the 
time of surgery based on Fearon criteria. We then assessed patient demographics, oncologic treatment and 
toxicities and their association with cancer cachexia. 
For the in vivo models, 10-week-old female FVB mice (n=5-8) were intraperitoneally injected with 5x106 BR-Luc 
cancer cells, whereas 10-week-old female C57BL6J mice (n=5) were intraperitoneally injected with 5x106 ID8 p53-/- 
or ID8 p53-/- BRCA2-/- cancer cells. Non-tumor-bearing animals were used as controls. At endpoint, blood, hindlimb 
skeletal muscles, ascites and organs were collected for further molecular analyses. 

High-grade serous (HGS) ovarian cancer 

(OC) accounts for 90% of serous 

carcinomas and is a leading cause of 

cancer-related mortality in women, 

causing two thirds of all OC-related 

deaths. 

In a recent clinical study at our 

institution, we found that ~51% of 

patients with OC patients exhibit signs of 

‘cachexia’ at diagnosis. Cachexia, 

characterized by unintentional weight 

loss, skeletal muscle depletion, 

metabolic derangements, and 

inflammation, significantly impacts 

quality of life and survival, but is 

generally understudied due to limited 

pre-clinical models. 

Here, we aimed to characterize cachexia 

in immunocompetent mice implanted 

with experimental HGSOC cells. 
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Figure 3. Growth of ID8 tumors cause skeletal muscle wasting

Figure 3: Final Body weight (normalized to Initial Body Weight-
IBW and expressed as %) in control and ID8-bearing animals (n=5). 
(B) Gastrocnemius (GSN), Tibialis Anterior, and Quadriceps 
weights (normalized to IBW) in control and ID8-bearing animals 
(n=5). (C) EDL ex-vivo specific force (measured at 150Hz and 
expressed as kN/m2; n=5). Data expressed as mean ± SD. 
Significance of the difference was assessed by applying a One-way 
ANOVA  test (Student’s T-test for the ascites panel): Bp<0.05 vs. 
control, Cp<0.05 vs. ID8 p53-/- BRCA2-/-
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B

Figure 4. Canonical cachexia signaling is activated in the muscle of ID8 hosts 
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Figure 4: (A) Representative Western blotting and quantification conducted in protein 
extracts from quadriceps muscles excised from control and ID8 hosts (n=5). (B) Ratio 
between phosphorylated and total levels of STAT3, AKT, ERK1/2 and FAK were reported. 
Data expressed as mean ± SD. Significance of the difference was assessed by applying a 
One-way ANOVA: Bp<0.05 vs. control, Cp<0.05 vs. ID8 p53-/- BRCA2-/-
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Figure 6. ID8 cells secrete high levels of inflammatory mediators
Figure 6: 
Concentrations 
(expressed in pg/ml) of 
representative pro-
inflammatory cytokines 
in the conditioned 
medium of ID8 cells 
(n=3-5) assessed via 
multiplex cytokine 
profiling. Levels of 
Eotaxin, IL-5, IP-10 and 
MIP-2 were expressed 
as mean ± SD. 
Significance of the 
difference was assessed 
by applying a One-way 
ANOVA: Bp<0.05 vs. 
control, Cp<0.05 vs. ID8 
p53-/- BRCA2-/-

Figure 7: A) DESeq2 
analysis performed 
on RNA-seq data 
from quadriceps 
muscle of (A) control 
and ID8 p53-/- 
bearing animals 
(n=4) and (B) control 
and ID8 p53-/- 
BRCA2-/- bearing 
animals (n=4). 
FDR<0.05 and 
Log2FC>1.5 were 
used as cutoff for 
the enrichment 
analyses. 
Enrichment analysis 
of top 500 
upregulated/downre
gulated genes. All 
enrichments had 
FDR <0.05 with at 
least 3 genes. 
Enrichments were 
generated using the 
following databases: 
Reactome Pathways, 
KEGG, Elsevier 
Pathway, BioPlanet, 
GO & Tabula Muris.

Figure 7. RNA-Seq analysis reveals activation 
of pro-cachexiogenic pathways in the skeletal muscle of ID8 hosts 

Figure 8. Mitochondrial, inflammatory and angiogenic pathways are dysregulated in 
the muscle of ID8-bearing mice

Figure 8: Heatmap illustrating genes associated with significantly enriched pathways and ontologies (p ≤ 
0.05, minimum of two genes per pathway) in quadriceps muscle of control and ID8 hosts (n=4). (A) 
mitochondrial genes, (B) Inflammatory genes, (C) angiogenesis genes.

Conclusions

• HGSOC promotes cachexia onset in immunocompetent mice, consistent with the clinical scenario.
• Tumor hosts displayed ascites, along with loss of muscle mass and strength.
• Cytokine profiling in ascites and plasma showed high levels of pro-inflammatory cytokines.
• Molecular characterization of muscle highlighted a classic pro-cachexiogenic signature in tumor hosts. 
• Overall, our models may contribute to improve cachexia in patients being treated for HGSOC.

Figure 9. Cancer mutations produce distinct transcriptional signatures

Figure 9: Quad RNA
(A) Venn diagram showing 
that significantly 
upregulated DEGs from 
ID8 p53-/- (n=4) vs Control 
(n=4), and ID8 p53-/- 
BRCA2-/- (n=4) vs control 
(n=4) have distinct 
profiles. (B) Heatmap 
illustrating the top 20 
DEGs comparing ID8 p53-/- 
(n=4) vs ID8 p53-/- BRCA2-

/- (n=4). 
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Table 1: Retrospective study of patients with 
epithelial ovarian cancer who underwent 
cytoreductive surgery at the University of 
Colorado between 2014-2024.  The prevalence of 
ovarian cancer cachexia at the time of surgery 
was assessed based on Fearon et al., 2011. 

Characteristics Cachexia
(n=191)

No cachexia
(n=183) P value

Age

18 to 49 (n=49) 17 (8.9%) 30 (16.4%)

50 to 69 (n=120) 110 (57.6%) 106 (57.9%)

70 to 79 (n=62) 58 (30.4%) 41 (22.4%) 0.093 

80+ (n=5) 6 (3.1%) 6 (3.3%)

BMI

<18.5 (n=11) 15 (7.8%) 0 <0.0001

18.5-24.9 (n=109) 95 (49.7%) 71 (38.8%)

25-29.9 (n=54) 51 (26.7%) 51 (27.9%)

30+ (n=33) 27 (14.1%) 59 (32.2%)

Race/Ethnicity

Hispanic (n=43) 21 (11.0%) 22 (12.0%)

Non-Hispanic White (n=319) 163 (85.3%) 151 (82.5%) 0.66 

Other (n=17) 7 (3.7%) 10 (5.5%)

Histology

Serous (n=292)​ 159 (83.2%) 133 (72.7%) 0.014

Non-serous (n=82)​ 32 (16.7%) 50 (50.5%)

FIGO classification

 I + II (n=73)​ 21 (11.0%)​ 52 (28.4%)​

 III (n=195)​ 107 (56.0%)​ 88 (48.1%)​ <0.0001

 IV (n=106)​ 63 (33.0%)​ 43 (23.5%)​

Surgery type

Primary cytoreductive surgery (n=202)​ 76 (39.8%) 126 (68.9%)

Interval cytoreductive surgery (n=172)​ 115 (60.2%) 57 (31.1%) <0.0001

P53 wild type (n=108)​ 47 (36.2%)​ 61 (33.3%)​

P53 aberrant (n=228)​ 130 (68.1%)​ 98 (55.5%)​ 0.04

Pre-operative Paracentesis (n=119)​ 89 (46.6%)​ 30 (30.3%)​ <0.0001

No Pre-operative Paracentesis (n=255)​ 102 (53.4%)​ 153 (89.9%)​
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Figure 5. ID8 cells produce high levels of cytokines
Figure 5: (A) 
Representative dots 
(n=2) from cytokine 
array and (B) 
quantification 
conducted using ImageJ 
in conditioned media 
from ID8 cells (ID8 p53-/- 

and ID8 p53-/- BRCA2-/-) 
compared to media 
alone (control). Data 
expressed as mean ± 
SD. Significance of the 
difference was assessed 
by applying a One-way 
ANOVA: Ap<0.05 vs. 
control, Bp<0.05 vs. ID8 
p53-/-, and Cp<0.05 vs. 
ID8 p53-/-  and ID8 p53-/- 
BRCA2-/-
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51% of patients with cachexia!
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Table 1

Figure 1. BR-Luc cells cause skeletal muscle wasting
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Figure 1: (A) 
Quadriceps, (B) 
Tibialis Anterior, and 
(C) Gastrocnemius 
(GSN) weights 
(normalized to IBW) in 
control and BR-Luc-
bearing animals (n=9). 
(D) EDL ex-vivo 
specific force 
(measured at 150Hz 
and expressed as 
kN/m2; n=6). Data 
expressed as mean ± 
SD. Significance of the 
difference was 
assessed by applying a 
Student’s T-test: 
Bp<0.05 vs. control

Figure 2. Pro-inflammatory 
cytokines are elevated in the ascites 

from BR-Luc hosts
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Figure 2: 
Concentrations 
(expressed in 
pg/ml) of 
representative 
pro-inflammatory 
cytokines in 
ascites from BR-
Luc hosts (n=8) 
assessed via 
multiplex cytokine 
profiling. Levels of 
IL-6, MCP-1, 
VEGFA and 
Eotaxin were 
expressed as 
mean ± SD.
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