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Abstract

mechanisms.

Background: Muscle wasting is a significant clinical problem associated with various chronic diseases, including
cancer, chronic kidney disease, and heart failure. The underlying mechanisms often involve increased protein
catabolism. This case report highlights the role of catabolism in muscle wasting in a patient with chronic heart failure.

Case presentation: We present a 65-year-old male with chronic heart failure who exhibited significant muscle
wasting. Clinical assessment, laboratory tests, and muscle biopsy were performed to investigate the underlying

Results: The patient showed elevated levels of catabolic markers, including ubiquitin-proteasome pathway
components, and increased inflammatory cytokines. Muscle biopsy revealed reduced muscle fiber cross-sectional
area and increased expression of atrophy-related genes.

Conclusion: This case underscores the importance of catabolic pathways in muscle wasting associated with
chronic heart failure and highlights potential targets for therapeutic intervention.

Keywords: Muscle wasting; Catabolism; Ubiquitin-proteasome sys-
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Introduction

Muscle wasting, or cachexia, represents a significant clinical
challenge due to its association with increased morbidity and mortality
in chronic illnesses. This syndrome involves a profound loss of muscle
mass and function, severely impacting patients’ quality of life. Cachexia
is commonly observed in patients with chronic conditions such as
cancer, chronic heart failure, chronic kidney disease, and Chronic
Obstructive Pulmonary Disease (COPD). The multifactorial nature
of cachexia involves metabolic, hormonal, and inflammatory changes
that contribute to its complexity and severity. Muscle homeostasis
is maintained through a delicate balance between protein synthesis
(anabolism) and protein degradation (catabolism). Under normal
physiological conditions, muscle mass is preserved by tightly regulated
mechanisms that ensure equilibrium between these two processes.
However, in pathological states, this balance is disrupted, leading to a
predominance of catabolic processes that promote muscle atrophy [1].

Increased catabolism in muscle wasting can be attributed to several
mechanisms, including the activation of the Ubiquitin-Proteasome
System (UPS), autophagy-lysosome pathways, and elevated levels
of pro-inflammatory cytokines such as tumor necrosis factor-alpha
(TNF-a), interleukin-6 (IL-6), and interleukin-1 beta (IL-1p). These
cytokines not only stimulate proteolytic pathways but also inhibit
muscle protein synthesis, compounding the muscle loss. The UPS is a
major pathway responsible for the selective degradation of intracellular
proteins. In muscle wasting conditions, there is an upregulation of
muscle-specific E3 ubiquitin ligases such as Muscle RING-finger
protein-1 (MuRF-1) and Atrogin-1/MAFbx [2]. These ligases tag
muscle proteins for degradation, leading to increased proteolysis.
Additionally, chronic inflammation associated with various diseases
exacerbates muscle catabolism by further activating these proteolytic
systems and impairing anabolic signaling pathways like the insulin-like
growth factor-1 (IGF-1)/Akt pathway.

Case Presentation

Patient information

A 65-year-old male with a history of chronic heart failure presented

with progressive weight loss and muscle weakness over the past six
months. He had no significant family history of muscle disorders or
other chronic conditions.

Clinical findings

Physical examination revealed a thin, cachectic appearance with
noticeable muscle wasting, particularly in the upper and lower limbs
[3]. The patient had difficulty performing daily activities and reported
severe fatigue.

Diagnostic assessment

Laboratory tests showed elevated inflammatory markers (CRP, IL-
6) and increased levels of ubiquitin-proteasome pathway components
(ubiquitin, E3 ligases). Muscle biopsy was performed, revealing
reduced muscle fiber size and increased expression of genes associated
with muscle atrophy, such as MuRF-1 and Atrogin-1 (Table 1).

Therapeutic intervention

The patient was started on a nutritional support program
with increased protein intake and resistance exercise training.

Table 1: Laboratory Findings.

Parameter Patient Value Normal Range
CRP 15 mg/L <5 mg/L
IL-6 50 pg/mL <10 pg/mL

Ubiquitin Elevated -

E3 ligases Increased
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Pharmacological interventions targeting inflammatory pathways were
also considered [4].

Results

The patient presented with notable muscle wasting and general
weakness, particularly in the upper and lower limbs. Laboratory
tests revealed significantly elevated levels of inflammatory markers,
including C-reactive protein (CRP) at 15 mg/L (normal <5 mg/L) and
interleukin-6 (IL-6) at 50 pg/mL (normal <10 pg/mL). These elevated
markers indicate a systemic inflammatory response commonly
seen in chronic heart failure patients and known to drive catabolic
processes. Further biochemical analysis showed increased serum levels
of ubiquitin and components of the ubiquitin-proteasome pathway,
suggesting enhanced protein degradation activity [5].

A muscle biopsy was performed to further investigate the
underlying pathology. Histological examination of the biopsy showed
a 30% reduction in muscle fiber cross-sectional area compared to age-
matched healthy controls, confirming significant muscle atrophy.
Additionally, there was an increased expression of atrophy-related
genes, specifically Muscle RING-finger protein-1 (MuRF-1) and
Atrogin-1/MAFbx, both of which are critical components of the
ubiquitin-proteasome pathway. The expression of these genes was
elevated by approximately 2.5-fold compared to baseline levels found
in non-cachectic individuals (Table 2) [6].

Table 2: Muscle Biopsy Results.

Patient Value Control Value
Decreased by 30% -

Parameter

Muscle Fiber Cross-
Sectional Area
Baseline

MuRF-1 Expression 2.5-fold increase

2.5-fold increase Baseline

Increased

Atrogin-1 Expression
E3 ligases

These findings suggest that the muscle wasting observed in this
patient with chronic heart failure is closely associated with unregulated
catabolic pathways. The combination of elevated inflammatory
cytokines and increased ubiquitin-proteasome activity highlights the
complex interplay between systemic inflammation and muscle protein
degradation. The results underscore the significant role of catabolic
processes in the pathogenesis of muscle wasting in chronic disease
settings [7].

Discussion

The cases highlight the pivotal role of catabolic pathways in
muscle wasting across different chronic diseases. The ubiquitin-
proteasome system (UPS) and autophagy-lysosome pathway (ALP)
are consistently upregulated, driven by systemic inflammation and

metabolic derangements. Inflammatory cytokines such as IL-6 and
TNF-a exacerbate muscle degradation by activating these pathways.
Therapeutic approaches targeting these catabolic mechanisms,
including anti-inflammatory agents, proteasome inhibitors, and
autophagy modulators, show potential in mitigating muscle wasting.
The findings in this case are consistent with the hypothesis that
increased catabolism contributes to muscle wasting in chronic
heart failure. Elevated inflammatory markers suggest a systemic
inflammatory response, which can stimulate catabolic pathways [8-
10]. The ubiquitin-proteasome system plays a critical role in protein
degradation, and its upregulation indicates enhanced muscle protein
breakdown. Targeting these pathways could provide therapeutic
benefits in managing muscle wasting in chronic diseases.

Conclusion

Muscle wasting in chronic diseases is primarily driven by
increased catabolic activity, particularly through the UPS and ALP.
Understanding the molecular underpinnings of these processes
provides a basis for developing targeted therapies. Future research
should focus on clinical trials evaluating the efficacy of interventions
aimed at modulating catabolic pathways to preserve muscle mass and
function in affected patients.
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